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rhe  National  Institute  of  Standards  and  Technology  was  established  in  1988  by  Congress  to  "assist  industry  in 
the  development  of  technology  . . .  needed  to  improve  product  quality,  to  modernize  manufacturing  processes, 
to  ensure  product  reliability  .  .  .  and  to  facilitate  rapid  commercialization  ...  of  products  based  on  new  scientific 

discoveries." 

NIST,  originally  founded  as  the  National  Bureau  of  Standards  in  1901,  works  to  strengthen  U.S.  industry's 
competitiveness;  advance  science  and  engineering;  and  improve  public  health,  safety,  and  the  environment.  One 
of  the  agency's  basic  functions  is  to  develop,  maintain,  and  retain  custody  of  the  national  standards  of 
measurement,  and  provide  the  means  and  methods  for  comparing  standards  used  in  science,  engineering, 
manufacturing,  commerce,  industry,  and  education  with  the  standards  adopted  or  recognized  by  the  Federal 
Government. 

As  an  agency  of  the  U.S.  Commerce  Department's  Technology  Administration,  NIST  conducts  basic  and 
applied  research  in  the  physical  sciences  and  engineering,  and  develops  measurement  techniques,  test 
methods,  standards,  and  related  services.  The  Institute  does  generic  and  precompetitive  work  on  new  and 
advanced  technologies.  NIST's  research  facilities  are  located  at  Gaithersburg,  MD  20899,  and  at  Boulder,  CO  80303. 
Major  technical  operating  units  and  their  principal  activities  are  listed  below.  For  more  information  contact  the 
Publications  and  Program  Inquiries  Desk,  301-975-3058. 


Office  of  the  Director 

•  National  Quality  Program 

•  International  and  Academic  Affairs 

Technology  Services 

•  Standards  Services 

•  Technology  Partnerships 

•  Measurement  Services 

•  Technology  Innovation 

•  Information  Services 

Advanced  Technology  Program 

•  Fxonomic  Assessment 

•  Information  Technology  and  Applications 

•  Chemical  and  Biomedical  Technology 

•  Materials  and  Manufacturing  Technology 

•  Electronics  and  Photonics  Technology 

Manufacturing  Extension  Partnership 
Program 

•  Regional  Programs 

•  National  Programs 

•  Program  Development 

Electronics  and  Electrical  Engineering 
Laboratory 

•  Microelectronics 

•  Law  Enforcement  Standards 

•  Electricity 

•  Semiconductor  Electronics 

•  Electromagnetic  Fields' 

•  Electromagnetic  Technology' 

•  Optoelectronics' 

Chemical  Science  and  Technology 
Laboratory 

•  Biotechnology 

•  Physical  and  Chemical  Properties2 

•  Analytical  Chemistry 

•  Process  Measurements 

•  Surface  and  Microanalysis  Science 


Physics  Laboratory 

•  Electron  and  Optical  Physics 

•  Atomic  Physics 

•  Optical  Technology 

•  Ionizing  Radiation 

•  Time  and  Frequency1 

•  Quantum  Physics' 

Materials  Science  and  Engineering 
Laboratory 

•  Intelligent  Processing  of  Materials 

•  Ceramics 

•  Materials  Reliability' 

•  Polymers 

•  Metallurgy 

•  NIST  Center  for  Neutron  Research 

Manufacturing  Engineering 
Laboratory 

•  Precision  Engineering 

•  Automated  Production  Technology 

•  Intelligent  Systems 

•  Fabrication  Technology 

•  Manufacturing  Systems  Integration 

Building  and  Fire  Research 
Laboratory 

•  Structures 

•  Building  Materials 

•  Building  Environment 

•  Fire  Safety  Engineering 

•  Fire  Science 

Information  Technology  Laboratory 

•  Mathematical  and  Computational  Sciences2 

•  Advanced  Network  Technologies 

•  Computer  Security 

•  Information  Access  and  User  Interfaces 

•  High  Performance  Systems  and  Services 

•  Distributed  Computing  and  Information  Services 

•  Software  Diagnostics  and  Conformance  Testing 


'At  Boulder,  CO  80303. 
2Some  elements  at  Boulder,  CO. 
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CATALOG  STRUCTURE  AND  USE 


Full  bibliographic  citations  including  keywords  and 
abstracts  for  National  Institute  of  Standards  and  Technol- 
ogy (NIST)  papers  published  and  entered  into  the  Na- 
tional Technical  Information  Service  (NTIS)  collection  are 
cited  in  the  "NIST  Publications  Announcements"  section 
of  this  catalog.  (Also  included  are  papers  published  prior 
to  1994  but  not  reported  in  previous  supplements  of  this 
annual  catalog.)  Entries  are  arranged  by  NTIS  subject 
classifications  which  consist  of  37  broad  subject  cate- 
gories (see  back  cover)  and  over  350  subcategories. 
Within  a  subcategory,  entries  are  listed  alphanumerically 
by  NTIS  order  number. 


Four  indexes  are  included  to  allow  the  user  to  identify  pa- 
pers by  personal  author,  keywords,  title,  and  NTIS  order/ 
report  number.  Each  entry  lists  the  appropriate  title,  the 
NTIS  order  number,  and  the  abstract  number. 

Papers  may  also  be  identified  by  searching  the  NTIS 
database  either  online  via  commercially  available  sys- 
tems such  as  DIALOG,  or  in  the  issues  of  NTIS's 
Government  Reports  Announcements  and  Index  and  its 
Government  Reports  Annual  Index. 


AVAILABILITY  AND  ORDERING  INFORMATION 


The  highest  quality  and  least  expensive  copies  of  NIST 
publications  published  as  Government  documents  are 
available  from  the  Superintendent  of  Documents,  U.S. 
Government  Printing  Office,  Washington,  DC  20402. 
Publications  cited  with  stock  numbers  (SN)  should  be  or- 
dered by  these  numbers.  GPO  will  accept  payment  by 
check,  money  order,  VISA,  MasterCard,  or  deposit  ac- 
count. For  availability  and  price,  write  to  the  GPO  or  tele- 
phone (202)  783-3238.  Should  a  NIST  publication  be  out 
of  print  at  the  GPO,  its  continued  availability  is  assured  at 
NTIS  which  sells  publications  in  microfiche  or  paper  copy 
reproduced  from  microfiche. 

If  an  entry  has  a  price  code,  such  as  PC  A04/MF  A01 ,  the 
publication  may  be  ordered  from  NTIS  in  paper  copy  (PC) 
or  microfiche  (MF)  or  both  if  both  codes  are  given.  Order 
from  the  National  Technical  Information  Service,  5285 
Port  Royal  Road,  Springfield,  VA  22161.  A  copy  of  the 
latest  price  code  schedule  is  available  from  NTIS.  NTIS 
will  accept  payment  by  check,  money  order,  VISA,  Ameri- 
can Express,  MasterCard,  or  deposit  account.  NTIS  is  the 
sole  source  of  Federal  Information  Processing  Standards 
(FIPS),  Interagency  Reports  (IRs),  and  Grant/Contract 
Reports  (GCRs).  For  more  information  call  (703)  487- 
4650. 

Papers  noted  "Not  Available  NTIS"  may  be  obtained 
directly  from  the  author  or  from  the  external  publisher 


cited.  Such  papers  are  not  for  sale  by  either  the  GPO  or 
NTIS. 


Two  other  sources  for  NIST  publications  are  depository 
libraries  (libraries  designated  to  receive  Government  pub- 
lications) and  Department  of  Commerce  District  Offices. 
The  depository  libraries  listed  in  Appendix  A  receive  se- 
lected NIST  publications  (see  inside  back  cover  for  a  de- 
scription of  the  various  NIST  publication  series).  While  not 
every  Government  publication  is  sent  to  all  depository  li- 
braries, certain  depositories  designated  as  Regional  De- 
positories receive  and  retain  one  copy  of  all  Government 
publications  made  available.  Contact  the  depository  li- 
brary in  your  area  to  obtain  information  on  what  is  avail- 
able and  where. 


Department  of  Commerce  District  Offices  listed  in  Ap- 
pendix B  provide  ready  access  at  the  local  level  to  publi- 
cations, statistical  data  and  summaries,  and  surveys. 
Each  District  Office  serves  as  an  official  sales  agency  of 
the  Superintendent  of  Documents,  U.S.  Government 
Printing  Office.  A  wide  range  of  Government  publications 
can  be  purchased  from  these  offices.  In  addition,  the  ref- 
erence library  of  each  District  Office  contains  review 
copies  of  many  Government  publications. 
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SAMPLE  ENTRY 


BUILDING  INDUSTRY  TECHNOLOGY 

Building  Equipment,  Furnishings,  &  Maintenance 

00, 123 

PB94-1 94339  PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Fire  Science  Div. 
Performance  Parameters  of  Fire  Detection  Systems 

R.  L.  Smith.  Jun  94,  20p 
NISTIR-5439 


Keywords:  *Fire  detectors,  'Buildings,  Fire  prevention, 
Parameters,  Fire  extinguishers,  Warning  systems,  Probability 
theory,  Smoke  detectors,  Mathematical  models,  Fires. 

This  report  is  a  formal,  functional  analysis  of  fire  detection  sys- 
tems' requirements.  The  performance  parameters  of  fire  detec- 
tion systems  are  given  as  conditional  probabilities.  These 
parameters  are  identified  by  the  objective  analysis  of  the  func- 
tions of  a  fire  detection  system.  It  is  demonstrated  that  using  the 
false  alarm  rate  to  specify  the  malfunctioning  of  a  threshold 
detection  system  is  inadequate.  The  principal  function  of  fire  de- 
tection systems  is  identified  as  the  notification  of  anti-fire  agents 
of  the  probability  of  an  unwanted  fire.  The  evaluation  of  the  infor- 
mation provided  by  a  detector  system  is  central  to  its  worth. 


NTIS  Subject  Category 

NTIS  Subcategory 

Abstract  Number 

NTIS  order  number  Availability    Price  Codes 

Corporate  or  performing  organization 

Report  Title 

Personal  authors  Report  date  Page  count 

Report  Number 
Contract  or  grant  number 

Keywords:  *  indicates  keyword  index  entry 


Abstract 


ADMINISTRATION  & 
MANAGEMENT 


Management  Information  Systems 

00,001 

PB94-1 63383       PC  A06/M  F  A02 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Putting  the  Information  Infrastructure  to  Work:  Re- 
port of  the  Information  Infrastructure  Task  Force 
Committee  on  Applications  and  Technology. 

Special  pub. 

May  94,  114p,  NIST/SP-857,  ISBN-0-16-043188-3. 
Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03267-1. 

Keywords:  'Information  systems,  "National  interests, 
Commerce,  Manufacturing,  Industries,  Health  care, 
Education,  Environmental  monitoring,  Libraries,  Gov- 


ernment agencies,  Public  participation,  Citizen  partici- 
pation, *NII(National  Information  Infrastructure),  Infor- 
mation superhighways. 

The  goal  of  this  document  is  to  express  how  improve- 
ments in  the  technical  foundation  upon  which  modern 
communications  rests  can  benefit  all  Americans.  The 
authors  call  this  platform  the  National  Information  Infra- 
structure (Nil),  meaning  the  facilities  and  services  that 
enable  efficient  creation  and  diffusion  of  useful  infor- 
mation. They  wish  to  focus  the  public  debate  on  the 
uses  of  the  Nil  and  the  benefits  to  be  derived  by  appli- 
cations of  advanced  computing  and  communications 
technologies. 

00,002 

PB96-1 46360       PC  A04/MF  A01 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD.  Systems  and  Software  Technology 

Div. 

Open  System  Environment  (OSE):  Architectural 
Framework  for  Information  Infrastructure. 

Special  pub. 

F.  Schulz.  1995,  54p,  NIST/SP-500/232. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 

03380-4. 

Keywords:  "Computer  networks,  "Information  systems, 
"Systems  management,  Distributed  processing,  Com- 
puter applications,  Application  program(Computers), 


Computer  architecture,  Software  engineering,  Operat- 
ing systems(Computers),  Communication  networks, 
Information  services,  Computer  program  portability, 
Computer  program  transferability,  Systems  engineer- 
ing, Information  management,  Electronic  security. 
Human-computer  interface,  "Open  System  Environ- 
ment, National  Information  Infrastructure. 

This  document  identifies  a  set  of  interfaces,  services, 
and  formats  which  are  to  be  provided  to  users  of  an 
information  infrastructure,  and  the  methods  for 
accessing  these  services.  This  document  provides  a 
context  and  guidance  for  standards  selection,  but  does 
not  identify  standards  for  use  within  an  information  in- 
frastructure. The  document  may,  however,  refer  to 
standards  in  order  to  illustrate  aspects  of  the  services 
which  are  important  in  making  selections  among  the 
candidate  specifications.  This  discussion  will  provide 
a  basic  set  of  terminology  and  concepts  to  support  dis- 
cussion and  resolution  of  policy  issues.  Finally,  tech- 
nical guidance  is  provided  to  agencies  which  intend  to 
use  information  infrastructure  for  exchange  of  govern- 
ment information  and  services  within  government,  and 
to  deliver  government  information  and  services  to  citi- 
zens and  organizations  outside  of  government. 


00,003 

PB96-165915       PC  A05/MF  A01 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 


1 


ADMINISTRATION  &  MANAGEMENT 


Management  Information  Systems 


Manager's  Guide  for  Monitoring  Data  Integrity  in 
Financial  Systems. 

Special  pub. 

R.  Sies.  Feb  96,  72p,  NIST/SP-500-233. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 

03387-1 .  See  also  PB95-21 6602. 

Keywords:  "Financial  management,  "Monitoring, 
"Accounting,  "Automation,  Data  integrity,  Computer 
security,  Data  processing  security,  Electronic  data  ex- 
change, Management  information  systems,  Software 
tools,  Federal  information  systems. 

This  guide  will  enable  the  manager  to  identify  and  jus- 
tify inclusin  of  software  tools  and  techniques  into  new 
or  existing  financial  systems.  The  result  would  be  a 
Monitoring  Module  consisting  of  a  set  of  software 
routines  and  an  easy-to-use  report  generator.  The 
users  of  financial  and  accounting  systems  and  the 
users  of  systems  that  feed  data  into  financial  and  ac- 
counting systems  could  use  the  Monitoring  Module  in 
a  proactive  way  to  ensure  the  accuracy,  completeness, 
and  timeliness  of  input  to  the  financial  systems.  The 
Monitoring  Module  if  included  in  new  or  existing  sys- 
tems would  help  ensure  consistency  of  data  across  the 
organization,  and  provide  management  with  more  abil- 
ity to  test  and  report  the  level  of  success  with  which 
their  management  goals  are  being  met.  In  an  environ- 
ment where  most  financial  transactions  are  automated, 
there  may  be  no  'papei  trail.'  Furthermore,  implemen- 
tation of  highly  automated  financial  systems  may  ex- 
pose organizations  to  increased  risks  of  waste,  fraud, 
or  abuse  if  system  controls  fail  to  be  effective.  It  is  im- 
perative, therefore,  that  automated  monitoring  capabili- 
ties as  sophisticated  as  the  automated  financial  oper- 
ations themselves  be  available  to  managers.  This 
guide  is  a  step  in  that  direction. 


Management  Practice 

00,004 

PB95-1 26025       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (NEL), 
Gaithersburg,  MD.  Applied  and  Computational  Mathe- 
matics Div. 

Development  and  Validation  of  Multicriteria  Rat- 
ings: A  Case  Study. 

Final  rept. 

S.  I.  Gass,  and  S.  R.  Torrence.  1991,  10p. 

Pub.  in  Socio-Economic  Planning  Sciences  25,  n2 

P133-142  1991. 

Keywords:  "Ratings,  Conferences,  Complexity,  Costs, 
Services,  Decision  making,  Criteria,  Calibrating,  Mod- 
els, Reprints,  "Multicriteria,  AHP(Analytic  Hierarchy 
Process),  US  NIST. 

Using  the  hierarchical  structure  and  methodology  of 
the  Analytic  Hierarchy  Process  (AHP),  a  procedure 
was  developed  for  the  rating  of  conferences  in  terms 
of  their  complexity  that  enabled  the  Public  Information 
Division  of  the  National  Institute  of  Standards  and 
Technology  to  assess  the  cost  of  its  staff's  services. 
A  meeting's  complexity  is  measured  by  a  multicriteria 
process  that  involves  both  the  time  and  expertise  of 
the  Division's  staff.  The  validity  of  the  model,  that  is 
the  calibration  of  the  weights  of  the  decision  criteria, 
was  established  by  showing  that  the. weighting  proce- 
dure of  the  AHP  replicated  the  previous  year's  deci- 
sions. 


00,005 

PB96-161237       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 

Guidance  of  the  Legality  of  Keystroke  Monitoring. 

Final  rept. 

S.  M.  Radack.  1993,  4p. 

Pub.  in  Computer  Systems  Laboratory  Bulletin,  p1-4 
Mar  93. 

Keywords:  "Keyboards,  "Data  processing  terminals, 
"Monitoring,  Man  machine  systems,  Human-computer 
interface.  Users,  Legal  aspects,  Liability,  Computer  se- 
curity, Electronic  security,  Reprints,  "Legality. 

This  bulletin  advises  federal  system  administrators  that 
keystroke  monitoring  during  computer  sessions  may 
be  found  illegal  in  certain  circumstances  and  that  no- 
tice of  such  monitoring  should  be  given  to  users. 


Productivity 

00,006 

PB97-124135       PC  A99/MF  E08 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Standards  Activities  of  Organizations  in  the  United 
States. 

Special  pub.  (Final). 

R.  B.  Toth.  Sep  96,  788p. 

Contract  NIST-43NANB514538 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 

03427-4.  See  also  PB91-177774. 

Keywords:  "Standardization,  "Organizations,  "United 
States,  "Directories,  Sources,  Standards,  Trade  asso- 
ciations, National  government,  Specifications,  Military 
organizations,  Technical  societies,  Recommendations, 
Test  methods,  Coding. 

The  directory  is  a  guide  to  mandatory  and  voluntary 
standards  activities  in  the  United  States  at  the  Federal 
level  and  by  nongovernment  (trade  associations,  tech- 
nical and  other  professional  societies).  It  excludes  pro- 
prietary (company)  standards  and  those  of  local  levels 
of  government.  Superseding  the  1991  edition  (NBS  SP 
806),  'Standards  Activities  of  Organizations  in  the  Unit- 
ed States',  it  includes  standards  distributors,  libraries, 
and  information  centers.  It  also  lists  organizations  that 
no  longer  develop  standards  or  have  become  defunct 
since  the  previous  directory  was  issued.  Over  700  cur- 
rent descriptive  commentaries  are  formatted,  with  sub- 
ject headings  to  facilitate  access  to  specific  informa- 
tion. The  main  sections  cover  developers  of  formal  and 
informal  nongovernment  studies;  Federal  agencies 
which  develop  standards;  sources  of  standards  docu- 
ments and  information;  a  subject  index  and  related  list- 
ings covering  acronyms  and  initials,  defunct  bodies, 
and  those  organizations  with  name  changes.  Organi- 
zations have  been  included  if  they  develop  standards 
or  contribute  to  the  standardization  process,  whether 
voluntary  of  mandatory,  or  are  sources  of  standards 
documents  or  information.  An  introductory  section  pro- 
vides general  information  on  Federal  (including  mili- 
tary) standards  activities,  a  list  of  20  major  nongovern- 
ment standards  developers,  and  an  overview  of  U.S. 
(National)  standardization  activities. 


Public  Administration  &  Government 


00.007 

PB95-216602       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD.  Systems  and  Software  Technology 

Div. 

Self  Monitoring  Accounting  Systems. 

Special  pub. 

R.  F.  Sies.  Mar  95,  18p,  NIST/SP-500/226. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 

03324-3. 

Keywords:  "Financial  management,  "Auditing, 
"National  government,  Computer  systems  programs, 
Chief  Financial  Officers(CFO)  Act  of  1 990. 

The  Federal  Government  is  in  need  of  financial  sys- 
tems that  provide  more  complete,  consistent,  reliable, 
and  timely  information.  This  report  recommends  a 
service  for  use  by  management  in  performing  self  au- 
dits of  financial  systems.  Tools  used  in  the  past  by 
Electronic  Data  Processing  Auditors  to  audit  account- 
ing systems  are  examined,  and  the  similarities  be- 
tween these  tools  and  the  service.  The  use  of  this  serv- 
ice is  then  described,  as  it  would  be  used,  within  the 
accounting  system.  How  the  service  can  provide  more 
internal  control  and  financial  information  usually  ob- 
tained from  analysis  performed  by  financial  consultants 
is  explained. 


Research  Program  Administration  & 
Technology  Transfer 

00,008 

DE94-017162       PC  A05/MF  A02 
Department  of  Energy,  Washington,  DC. 


Economic,  Energy,  and  Environmental  Impacts  of 
the  Energy-Related  Inventions  Program. 

M.  A.  Brown,  C.  R.  Wilson,  C.  A.  Franchuk,  S.  M. 
Cohn,  and  D.  Jones.  31  Jul  94,  100p,  ORNL/CON- 
381. 
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Keywords:  "Economic  impact,  "Inventions,  Inventions/ 
Environmental  impacts,  Commercialization,  US  DOE, 
Grants,  Patents,  Program  evaluation,  ERIP  (Energy 
Related  Inventions  Program),  US  NIST. 

The  report  provides  information  on  the  economic,  en- 
ergy, and  environmental  impacts  of  inventions  sup- 
ported by  the  Energy-Related  Inventions  Program 
(ERIP)-a  program  jointly  operated  by  the  US  Depart- 
ment of  Energy  and  the  National  Institute  of  Standards 
and  Technology  (NIST).  It  describes  the  results  of  the 
latest  in  a  series  of  ERIP  evaluation  projects  that  have 
been  completed  since  1980.  The  period  of  interest  is 
1980  through  1992.  The  evaluation  is  based  on  data 
collected  in  1993  through  mail  and  telephone  surveys 
of  253  program  participants,  and  historical  data  col- 
lected during  previous  evaluations  for  an  additional 
189  participants. 
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Opportunities  for  Innovation:  Biotechnology. 

R.  M.  Busche.  Sep  93,  275p,  NIST/GCR-93/633. 
Grant  NANB2D1219 

Sponsored  by  National  Inst,  of  Standards  and  Tech- 
nology (CSTL),  Gaithersburg,  MD.  Biotechnology  Div. 

Keywords:  "Biotechnology,  "Technology  innovations, 
"Commercial  development,  "US  NIST,  Health  care, 
Farm  crops,  Chemical  industry,  Electronics  industry, 
Mining,  Pollution  control,  Plastics  industry,  Drug  indus- 
try, Small  businesses,  Research  and  development, 
Government/industry  relations,  Food  processing,  Ani- 
mal husbandry,  Genetic  engineering,  Renewable  re- 
sources, Ethanol  fuels,  Biodegradability,  Biomass, 
Synthetic  fuels,  Bioconversion,  Agribusiness. 

The  basic  purpose  of  this  project  is  to  help  small  busi- 
nesses get  on  the  fast  track  in  biotechnology  research 
and  development  leading  to  the  spin  off  of  viable  com- 
mercial businesses,  probably  with  the  help  of  larger 
companies  having  the  resources  for  commercialization 
that  are  lacking  in  a  small  enterprise.  Such  resources 
could  include  financing,  and  positions  in  marketing, 
manufacturing,  regulatory  affairs,  and  raw  material 
supply,  to  name  a  few.  In  general,  biotechnology  can 
be  expected  to  have  a  major  impact  on  fundamental 
human  needs  engendered  in  the  market  segments  of: 
health  care,  agriculture,  forestry,  food  ingredients,  in- 
dustrial chemicals,  plastics,  energy,  mining,  pollution 
control,  and  bioelectronics. 
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Learning  to  Change:  Opportunities  to  Improve  the 
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G.  Markovits,  W.  J.  Brill,  J.  P.  Cooper,  S.  P. 
Garretson,  H.  G.  Hall,  B.  E.  Hamilton,  A.  L.  Heald,  D. 
F.  Kocaoglu,  J.  H.  Mize,  R.  D.  Nelson,  R.  A.  Pritzker, 
P.  D.  Rimington,  W.  B.  Rouse,  I.  Feller,  and  B.  M. 
Fossum.  1993,  154p,  ISBN-0-309-04982-2. 
Contract  NIST-50SBNB2C7187 
Library  of  Congress  catalog  card  no.  93-86600.  Spon- 
sored by  National  Inst,  of  Standards  and  Technology, 
Gaithersburg,  MD. 

Keywords:  "Manufacturing,  "Small  businesses,  "Public 
policies,  Technology  transfer,  Performance  evaluation, 
Technology  assessment.  Advisory  services,  Regula- 
tions, Government/industry  relations,  US  NIST,  Na- 
tional government,  State  government,  Operating  costs, 
Quality,  Improvement,  Competition,  Industrial  sector, 
Technical  assistance,  "Modernization, 

MTC(Manufacturing  Technology  Centers),  Manufac- 
turing extension  centers. 

State  and  local  governments  have  created  industrial 
assistance  services,  the  federal  government  has  mul- 
tiple programs  aimed  at  helping  small  businesses,  and 
there  is  strong  interest  in  the  Clinton  administration  in 
creating  a  national  network  of  industrial  assistance 
centers  (Clinton  and  Gore,  1993).  Expanding  the  Na- 
tional Institute  of  Standards  and  Technology  (NIST) 
Manufacturing  Technology  Centers  (MTCs)  program  is 
one  mechanism  for  creating  such  a  national  assistance 
network.  Given  this  context-rapid  changes  in  manu- 
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facturing,  growth  in  the  numbers  of  smaller  manufac- 
turers, and  their  apparent  lag  in  modernization  effort- 
-NIST  asked  the  Manufacturing  Studies  Board  to  form 
a  committee  to  examine  the  barriers  to  manufacturing 
improvement  in  smaller  firms  and  to  identify  the  appro- 
priate role  of  the  MTCs  in  addressing  those  barriers. 
In  addition  to  discussing  barriers  facing  smaller  manu- 
facturers, both  company  representatives  and  assist- 
ance providers  discussed  opportunities  to  help  firms 
overcome  these  barriers  and  to  improve  significantly 
their  production  costs,  quality,  and  market  responsive- 
ness. The  recommendations  of  the  committee  reflect 
the  changed  circumstances  that  have  resulted  from  the 
emergence  in  early  1993  of  substantial  additional  fed- 
eral funding  for  industrial  assistance  activities,  as  well 
as  President  Clinton's  proposals  for  the  creation  of  a 
national  network  of  manufacturing  extension  centers. 
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Transfer  of  Technology  from  Defense  to  Civilian 
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Final  rept. 

R.  Hebner.  1994,  3p. 

Pub.  in  Institute  of  Electrical  and  Electronics  Engineers 
Power  Engineering  Review,  p9-1 1  May  94. 

Keywords:  "Technology  transfer,  'Defense  industry, 
"Government/industry  relations,  Reprints,  Civilian  pop- 
ulation, Economic  development,  Technology  utiliza- 
tion, Science,  Electricity. 

Changes  occurring  today  within  government  with  re- 
spect to  its  science  and  technology  policies  reflect  the 
close  linkage  that  has  existed  between  technology  and 
defense.  In  the  past,  the  best  minds  of  the  times  were 
set  to  solve  technology  problems  at  the  government's 
behest  to  provide  for  national  defense.  Today,  the  Cold 
War  has  ended.  The  situation  provides  the  U.S.  with 
a  window  of  opportunity  to  redefine  its  technology  in- 
vestment strategy.  New  forms  of  government-industry 
interaction  are  being  explored  to  help  technology  make 
a  difference  in  the  civilian  economy  like  it  has  in  na- 
tional defense. 
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S.  J.  Chang,  E.  Fong,  J.  Foti,  and  B.  Rosen.  Apr  94, 
65p,  NISTIR-5395. 

Keywords:  "Research  and  development,  "Information 
management,  "Data  storage,  "Multimedia,  Information 
retrieval,  Computer  security,  Digital  techniques,  Re- 
quirements, Technology  assessment,  ERNs(Electronic 
Research  Notebooks),  US  NIST. 

This  report  is  a  preliminary  study  on  the  feasibility  and 
possible  use  of  electronic  research  notebooks  (ERNs) 
at  the  National  Institute  of  Standards  and  Technology 
(NIST).  The  goal  of  this  project  is  to  determine  the  re- 
quirements for  ERN  and  to  assess  current  tech- 
nologies for  the  design  of  a  prototype  ERN  for  NIST 
scientists.  The  project  involves  the  determination  and 
specifications  of  functional  requirements  of  the  ERN. 
NIST  scientists  were  interviewed  to  survey  current 
notekeeping  practices  and  identify  specific  needs  for 
the  ERN.  The  survey  identified  a  set  of  basic  and  en- 
hanced ERN  features.  Current  technologies  and  prod- 
ucts were  also  assessed  in  order  to  see  how  these  re- 
quirements may  be  met.  A  potential  system  configura- 
tion is  proposed  where  functional  specifications  for  a 
basic  ERN  are  defined. 
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Pub.  in  Institute  of  Electrical  and  Electronics  Engineers 
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Keywords:  "Technology  innovation,  "Competition, 
"United  States,  "Japan,  Technology  transfer,  Research 
and  development,  Commercialization,  Businesses, 


Product  development,  Human  resources,  Production, 
Reprints. 

The  subject  is  introduced  with  a  taxonomy  (called  prod- 
uct genesis)  of  the  process  of  bringing  an  idea  from 
the  laboratory  to  the  marketplace.  A  discussion  of  the 
competitive  threshold  follows:  in  a  competitive  fashion, 
the  traditional  strategic  approach  in  both  countries  is 
discussed  in  the  areas  of  human  resources,  production 
processes,  and  business  objectives.  These  strategies 
are  mapped  against  the  various  stages  of  product  gen- 
esis. The  hypothesis  is  developed  that  the  competitive 
threshold  for  Japanese  firms  is  much  further  down- 
stream than  the  onset  of  competitive  worries  in  U.S. 
companies;  i.e.,  U.S.  companies  already  protect  their 
applied  research  activities  whereas  their  Japanese 
counterparts  still  cooperate  at  this  stage  and  become 
protective  only  before  design  or  prototyping  of  products 
and  processes  takes  place. 
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Keywords:  "Catalogs(Publications),  "Bibliographies, 
Sciences,  Technologies,  Research  management, 
"National  Institute  for  Standards  and  Technology. 

The  24th  Supplement  to  Special  Publication  305  con- 
tains full  bibliographic  citations  including  key  words 
and  abstracts  for  National  Institute  of  Standards  and 
Technology  (NIST)  1992  papers  published  and  en- 
tered into  the  National  Technical  Information  Service 
(NTIS)  collection.  (Also  included  are  NIST  papers  pub- 
lished prior  to  1 992  but  not  reported  in  previous  supple- 
ments of  this  annual  catalog.)  Four  indexes  are  in- 
cluded to  allow  the  user  to  identify  NIST  papers  by  per- 
sonal author,  key  words,  titles,  and  NTIS  order/report 
number. 
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D.  C.  Stieren,  and  C.  F.  Albus.  Nov  94,  78p,  NISTIR- 
5613. 

Sponsored  by  Office  of  Naval  Research,  Arlington,  VA. 
Manufacturing  Science  and  Technology  Div. 

Keywords:  "Computer  aided  manufacturing, 
"Research  facilities,  US  NIST,  Navy,  Reporting  re- 
quirements, Robotics,  Annual  reports. 

The  Automated  Manufacturing  Research  Facility 
(AMRF)  was  created  at  the  National  Institute  of  Stand- 
ards and  Technology  (NIST)  in  1982  in  order  to  provide 
a  national  testbed  for  research  and  development  in 
computer  integrated  manufacturing.  Since  its  rounding, 
the  AMRF  has  achieved  several  significant  accom- 
plishments. Among  these  include  the  development  of 
over  25  commercial  products,  roughly  20  patents,  and 
more  than  25  national  and  international  standards. 
Most  of  the  AMRF  efforts  have  been  jointly  funded  by 
NIST,  the  Navy  ManTech  Program,  other  agencies, 
and  industry.  AMRF  technical  projects  are  conducted 
primarily  within  the  Manufacturing  Engineering  Labora- 
tory (MEL)  of  NIST. 
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Library  of  Congress  catalog  card  no.  96-67383.  Spon- 
sored by  National  Science  Foundation,  Arlington,  VA., 
Advanced  Research  Projects  Agency,  Arlington,  VA. 
and  National  Inst,  of  Standards  and  Technology, 
Gaithersburg,  MD. 

Keywords:  "Computer  networks,  "Telecommunication, 
"Government  policies,  "Meetings,  Technology  assess- 
ment, Technology  transfer,  Trends,  Information  tech- 
nology, Economic  models,  Financing,  Television,  In- 
vestment, Electronics  industry,  Communication  net- 


works, United  States,  Telephones,  Wireless  commu- 
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Information  Infrastructure),  Internet. 

The  authors  have  available  an  impressive  array  of  in- 
formation technology.  They  can  transmit  literature, 
movies,  music,  and  talk.  Government,  businesses,  and 
individuals  are  eager  to  go  on-line  to  buy,  sell,  teach, 
learn,  and  more.  The  Unpredictable  Certainty  explores 
the  national  information  infrastructure  (Nil)  as  the  col- 
lection of  all  public  and  private  information  services. 
How  will  more  and  better  services  reach  the  home, 
small  businesses,  and  remote  locations.  The  Unpre- 
dictable Certainty  examine  swho  will  finance  the  Nil, 
exploring  how  technology  companies  decide  to  invest 
in  deployment  and  the  vain  search  of  'killer  apps'  (ap- 
plications that  drive  markets).  It  discusses  who  will  pay 
for  ongoing  services  and  how  they  will  pay,  looking  at 
past  cost/price  models  relevant  to  the  future.  The  Un- 
predictable Certainty  discusses  the  underlying  tech- 
nologies, appliances,  and  services  needed  before  the 
Nil  becomes  a  reality;  reviews  key  features  of  impor- 
tant technologies,  and  analyzes  current  levels  of  de- 
ployment in  telephone,  cable  and  broadcast  television, 
and  wireless  systems,  and  the  difficulties  in  inter- 
connection. The  volume  explores  the  challenge  of 
open  interfaces  that  stimulate  new  applications  but 
also  facilitate  competition,  the  trend  toward  the  separa- 
tion of  infrastructure  from  specific  services,  the  tension 
between  mature  services  and  new  contenders,  the 
growth  of  the  Internet,  and  more. 
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The  25th  Supplement  to  Special  Publication  305  con- 
tains full  bibliographic  citations  including  key  words 
and  abstracts  for  National  Institute  of  Standards  and 
Technology  (NIST)  1993  papers  published  and  en- 
tered into  the  National  Technical  Information  Service 
(NTIS)  collection.  (Also  included  are  NIST  papers  pub- 
lished prior  to  1 993  but  not  reported  in  previous  supple- 
ments of  this  annual  catalog.)  Four  indexes  are  in- 
cluded to  allow  the  user  to  identify  NIST  papers  by  per- 
sonal author,  key  words,  titles,  and  NTIS  order/report 
number. 


00,018 

PB96-210059       PC  A07/MF  A02 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Working  Conference  on  Global  Growth  of  Tech- 
nology: Is  America  Prepared.  Held  in  Gaithersburg, 
Maryland  on  December  7, 1 995. 

Special  pub. 

G.  Mulholland,  J.  Fassett,  and  C.  Ehrlich.  Jun  96, 
108p,  NIST/SP-897. 

Errata  sheet  inserted.  Also  available  from  Supt.  of 
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The  purpose  of  this  conference  'Global  Growth  of 
Technology:  Is  America  Prepared'  -  was  to  articulate 
the  issues  behind  the  question  and  to  address  these 
issues  from  the  broadest  range  of  perspectives.  The 
impetus  for  the  conference  was  provided  by  the  Na- 
tional Institute  of  Standards  and  support  of  the  Council 
on  Competitiveness  (CoC)  for  organizing  this  meeting. 
NIST  and  the  CoC  are  appropriate  partners  to  host  this 
conference:  NIST's  programs  are  defined  by  its  core 
mission  of  promoting  U.S.  economic  growth  by  working 
with  industry  to  develop  technology,  measurements, 
and  standards;  the  CoC  focuses  on  the  key  issues  re- 
lated to  competitiveness  such  as  trade,  productivity,  in- 
vestment, and  the  U.S.  standard  of  living. 
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ysis, Wind  effects,  Functions(Mathematics),  Dynamic 
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estimation. 

The  last  1 5  years  have  seen  the  development  of  a  new 
body  of  theory  and  of  a  new  generation  of  statistical 
estimation  procedures  applicable  to  extreme  data.  Es- 
sentially these  approaches  emphasize  the  primacy  of 
the  information  concerning  the  largest  of  the  extremes 
(the  tails),  as  opposed  to  information  inherent  in  the 
bulk  of  the  extreme  data  (the  body  of  the  distribution). 
We  consider  the  application  of  a  terminal  CME  (condi- 
tional mean  exceedance)  slope  estimator,  inspired  by 
Bryson  (1974),  to  yearly  extreme  wind  data  samples 
obtained  from  more  than  100  stations  in  the 
conterminous  United  States.  Next  we  apply  our  own 
implementation  of  the  Pickands  method,  serially  fitting 
exponential  and  Generalized  Pareto  (or  Generalized 
Extreme  Value)  Distribution  models  to  the  conditional 
exceedance  CDF's  of  the  wind  data,  starting  with  each 
ordered  sample  value  in  turn,  and  plotting  the  fitted  tail 
index  versus  the  order  number. 
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Pub.  in  Proceedings  of  International  Symposium  on 
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sion, "Aircraft  fires,  Effectiveness,  Fire  protection,  Fire 
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Alternatives  to  halon  1301  are  sought  which  are  effec- 
tive fire  suppressing  agents  and  which  do  not  create 
unacceptable  safety,  environmental,  or  systems  com- 
patibility problems.  Investigations  of  eleven  chemical 
compounds  using  a  deflagration/detonation  tube  have 
revealed  a  great  potential  for  the  technique  to  study 
the  fire  suppression  process.  The  facility  is  used  to 
evaluate  new  suppressants,  establishing  their  dynamic 
characteristics  as  well  as  elucidating  complex  suppres- 
sion mechanisms  occurring  in  fires  under  highly  dy- 
namic conditions  typical  of  fast  turbulent  flames,  explo- 
sions and  detonations.  The  deflagration/detonation 
tube  arrangement  has  been  successfully  employed  to 
clearly  discriminate  among  the  dynamic  characteristics 
of  the  eleven  alternative  agents,  revealing  new  unex- 
pected effects.  The  results  have  been  used  to  help  se- 
lect among  the  alternatives  for  full-scale  testing  in  sim- 
ulated aircraft  dry  bay  fires. 
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Final  rept. 

1.  Vazquez,  W.  Grosshandler,  W.  Rinkinen,  M. 
Glover,  and  C.  Presser.  1994,  11  p. 

Sponsored  by  Department  of  the  Air  Force,  Wright-Pat- 
terson AFB,  OH. 

Pub.  in  Proceedings  of  the  International  Symposium  on 
Fire  Safety  Science  (4th),  Ottawa,  Ontario,  Canada, 
June  13-17,  1994,  p1255-1265. 

Keywords:  "Hydraulic  fluids,  "JP-8  jet  fuel,  "Fire  extin- 
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fighting,  Aviation  safety,  Aviation  fuels,  Fire  safety, 
Concentration(Composition),  Fire  protection,  Fuel 
sprays,  Flames,  Combustion,  Reprints,  Halon  1301. 

A  coaxial  turbulent  spray  burner  was  used  to  determine 
the  suppression  characteristics  of  twelve  different  fire 
fighting  agents  in  elevated  temperature  hydraulic  fluid 
and  jet  fuel  (JP-8)  spray  flames.  The  effectiveness  of 
the  gaseous  agents,  being  considered  as  alternatives 
to  halon  1301,  was  compared  based  upon  the  mass 
required  for  suppression  and  the  equivalent  storage 
volume,  normalized  by  the  amount  of  halon  1301  re- 
quired to  suppress  the  flame.  The  elevated  tempera- 
ture results  were  compared  to  measurements  pre- 
viously obtained  with  the  incoming  air  and  JP-8  at  am- 
bient temperature.  No  statistically  significant  difference 
in  relative  agent  performance  was  found  between  the 
heated  hydraulic  flame  and  the  previous  JP-8  experi- 
ments. 
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As  part  of  the  USAF,  Army,  Navy  and  FAA  sponsored 
halon  replacement  project,  the  pipe  flow  characteristics 
of  selected  alternative  agents  for  engine  nacelle  fire 
protection  are  being  studied.  Due  to  the  remote  loca- 
tion of  the  agent  storage  bottle,  piping  is  required  to 
transport  the  agent  to  various  locations  in  an  engine 
nacelle.  The  pipe  flow  from  an  agent  bottle  is  charac- 
terized as  a  transient,  two-phase  flow.  Since  the  se- 
lected alternative  agents  have  thermophysical  prop- 
erties different  from  halon  1301,  the  flow  characteris- 
tics will  be  different,  which  may  require  system  design 
changes.  An  experimental  apparatus  to  study  the  flow 
characteristics  of  the  alternative  agents  was  designed 
and  is  described.  Preliminary  results  on  the  flow  char- 
acteristics of  HFC-227ea  and  halon  1301  are  pre- 
sented. 
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suppression,  Fluorocarbons,  Thermodynamic  prop- 
erties, Fluid  dynamics,  Combustion  chemistry,  Reac- 
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Civilian  and  military  aircraft  suppliers  and  operators  are 
searching  for  alternatives  to  the  discontinued  chemical 
Halon  1301  (CF3Br)  for  protecting  aircraft  against  in- 
flight fires.  This  study  identifies  the  best  two  or  three 
candidates  from  among  a  list  of  twelve  fluorocarbons 
(FCs),  hydrofluorocarbons  (HFCs),  and 
hydrochlorofluorocarbons(HCFCs)  for  full-scale  testing 
in  the  engine  nacelle  and  dry  bay  simulators  at  Wright- 
Patterson  Air  Force  Base.  An  assessment  of  the  poten- 
tial for  a  powder,  sodium  bicarbonate  (NaHC03),  and 
other  realistic  gaseous  candidates  was  also  requested. 
The  primary  recommendations  for  the  dry  bay  applica- 
tion were  FC-218  and  HFC-125;  partial  testing  of  CF3I 
was  also  recommended.  Details  of  all  aspects  of  the 
research  program  and  the  rationale  for  making  these 
recommendations  are  provided  in  this  special  publica- 
tion. 
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A  series  of  fracture  tests  on  large-scale,  pre-cracked, 
aluminum  alloy  panel  was  carried  out  to  examine  and 
to  characterize  the  process  by  which  cracks  propagate 
and  link  up  in  this  material.  Extended  grips  and  test 
fixtures  were  specially  designed  to  enable  the  panel 
specimens  to  be  loaded  in  tension  in  a  1 780-kN-capac- 
ity  universal  testing  machine.  Using  existing  informa- 
tion, a  test  matrix  was  set  up  to  explore  regions  of  fail- 
ure controlled  by  fracture  mechanics,  with  additional 
tests  near  the  boundary  between  plastic  collapse  and 
fracture.  In  addition,  a  variety  of  multiple  site  damage 
(MSD)  configurations  were  included  to  distinguish  be- 
tween various  proposed  linkage  mechanisms.  All  tests 
but  one  used  anti-buckling  guides.  The  data  were  ana- 
lyzed by  two  different  procedures,  (1)  the  plastic  zone 
model  based  on  the  residual  strength  diagram,  and  (2) 
the  R-curve.  The  first  three  tests  were  used  to  deter- 
mine the  basic  material  properties,  and  these  results 
were  then  used  in  the  analysis  of  the  subsequent  tests 
with  MSD  cracks. 
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Molecular  dynamic  simulations  and  Cone  Calorimeter 
measurements  were  used  to  assess  the  effects  of  elec- 
tron beam  irradiation  and  heat  treatments  on  the  flam- 
mability of  the  honeycomb  composites  used  in  the 
sidewalls,  ceilings  and  stowage  bins  of  commercial  air- 
craft. The  irradiation  of  this  material  did  not  result  in 
any  measureable  changes.  A  dramatic  reduction  in  the 
peak  rate  of  heat  release,  however,  was  observed  in 
samples  that  had  been  heated  overnight  at  250  deg 
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No  abstract  available. 
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The  document  presents  a  theory  based  on  power  bal- 
ance for  aperture  excitation  of  electrically  large,  lossy 
cavities.  The  theory  yields  expressions  for  shielding  ef- 
fectiveness, cavity  Q,  and  cavity  time  constant.  In 
shielding  effectiveness  calculations,  the  incident  field 
can  be  either  a  single  plane  wave  or  a  uniformly  ran- 
dom field  to  model  reverberation  chamber  or  random 
field  illumination.  The  Q  theory  includes  wall  loss,  ab- 
sorption by  lossy  objects  within  the  cavity,  aperture 
leakage,  and  power  received  by  antennas  within  the 
cavity.  Extensive  measurements  of  shielding  effective- 
ness, cavity  Q,  and  cavity  time  constant  were  made 
on  a  rectangular  cavity,  and  good  agreement  with  the- 
ory was  obtained  for  frequencies  from  1  to  18  GHz. 
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We  present  measured  data  for  shielding  effectiveness, 
cavity  Q,  and  cavity  time  constant  of  three  small  (twin- 
engine)  airplanes  for  frequencies  from  400  MHz  to  18 
GHz.  Both  cw  and  time-domain  measurement  methods 
were  used,  and  the  time-domain  method  yields  higher 
values  of  cavity  Q.  Both  methods  yield  Q  values  below 
a  theoretical  upper  bound  determined  by  window  leak- 
age losses.  The  measured  shielding  effectiveness  is 
quite  variable,  but  averages  about  15  dB.  The  meas- 
ured time  constants  are  also  variable  and  average 
about  15  ns.  This  short  time  constant  is  a  result  of  the 
low  Q  of  the  aircraft  cavities. 
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We  present  a  theory  based  on  power  balance  for  aper- 
ture excitation  of  electrically  large,  lossy  cavities.  The 
theory  yields  expressions  for  shielding  effectiveness, 
cavity  Q,  and  cavity  time  constant.  In  shielding  effec- 
tiveness calculations,  the  incident  field  can  be  either 
a  single  plane  wave  or  a  uniformly  random  field  to 
model  reverberation  chamber  or  random  field  illumina- 
tion. The  Q  theory  includes  wall  loss,  absorption  by 
lossy  objects  within  the  cavity,  aperture  leakage,  and 
power  received  by  antennas  within  the  cavity.  Exten- 
sive measurements  of  shielding  effectiveness,  cavity 
Q,  and  cavity  time  constant  were  made  on  a  rectangu- 
lar cavity,  and  good  agreement  with  theory  was  ob- 
tained for  frequencies  from  1  to  1 8  GHz. 
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The  purpose  of  the  report  is  to  evaluate  the  corrosivity 
of  the  greenhouse  environments  and  their  effect  on 
materials  considered  for  restoration  of  the  Botanic  Gar- 
den Conservatory.  On  the  basis  of  this  evaluation,  rec- 


ommendations are  made  on  materials  which  will  pro- 
vide the  best  performance  in  these  environments.  To 
accomplish  this  goal  of  materials  selection,  the  range 
of  conditions  anticipated  in  the  greenhouses,  in  com- 
bination with  the  various  herbicides,  pesticides,  and 
fertilizers  normally  used  are  considered.  Special  corro- 
sion control  considerations,  where  necessary,  are 
pointed  out.  The  information  presented  here  is  in- 
tended to  serve  as  a  general  guideline  to  the  architects 
and  engineers  responsible  for  designing  the  details  of 
the  botanic  garden  conservatory.  Within  the  time  limits 
of  the  review,  the  authors  can  only  address  the  major 
problems  that  the  designers  will  encounter  and  some 
of  the  more  important  details  that  will  lead  to  a  suc- 
cessful design. 
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A  modified  version  of  the  AOAC  procedure  for  the  ex- 
traction of  carotenoids  from  mixed  feeds  was  coupled 
with  an  isocratic  reversed-phase  liquid  chroma- 
tography (LC)  method  to  measure  individual 
carotenoids  in  SRM  1548  total  diet  and  in  a  high-carot- 
enoid  mixed  diet  (HCMD).  The  major  carotenoids  iden- 
tified in  SRM  1548  were  lycopene,  beta-carotene, 
lutein,  alpha-carotene,  and  zeaxanthin  in  descending 
order  of  concentration.  The  concentration  of  all 
carotenoids  in  SRM  1548  decreased  as  storage  tem- 
perature increased.  Significant  differences  in  carot- 
enoid concentrations  occurred  between  -80  and  4  C 
storage  temperatures.  Lyophilization  of  the  HCMD  sig- 
nificantly decreased  beta-carotene  and  lycopene  con- 
centrations and  produced  an  apparent  increase  in  xan- 
thophyll  concentrations.  Exposure  to  gamma-irradia- 
tion significantly  decreased  alpha-carotene  and  beta- 
carotene  concentrations  and  led  to  an  apparent  in- 
crease in  beta-cryptoxanthin.  SRM-1548  was  found  to 
be  unsuitable  for  use  as  a  reference  material  for  carot- 
enoid measurements,  while  HCMD  has  greater  poten- 
tial as  a  reference  material. 
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Keywords:  'Striped  bass,  'Animal  physiology,  'Blood 
chemical  analysis,  'Mortality,  Reprints,  Marine  fishes, 
Marine  biology,  Toxicology,  Histology,  Pathology,  Pa- 
cific Ocean,  Assays,  Statistical  analysis, 
'Sacramento(California),  'Carquinez  Strait,  'San  Fran- 
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Summer  mortalities  of  juvenile  and  adult  striped  bass 
(Morone  saxatilis)  occur  annually  in  the  San  Francisco 
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Bay-Delta  system,  most  commonly  in  the  lower  delta 
area.  Preliminary  work  identified  pathological  changes 
in  the  liver  of  moribund  animals.  This  study  represents 
a  comprehensive  survey  of  tissue  pathology,  blood 
chemistry  and  physiological  status  of  moribund  ani- 
mals in  comparison  to  wild  and  hatchery-reared  bass. 
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Pub.  in  Fresenius  Jnl.  of  Analytical  Chemistry  338,  n4 
p466-468  1990. 

Keywords:  'Food  analysis,  'Chemical  composition, 
'Toxic  substances,  'Food  contamination,  'Nutrients, 
Reprints,  Chemical  analysis,  Certification,  Cholesterol, 
Vitamins,  Quality  control,  Trace  elements,  Organic 
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erence materials,  NIST(National  Institute  of  Standards 
and  Technology),  Recommended  Dietary  Allowances. 

NIST  issues  food  related,  chemical  composition  Stand- 
ard Reference  Materials  (SRMs)  for  validating  food 
analyses.  SRMs  certified  for  inorganic  constituents 
are:  Non-Fat  Milk  Powder  (SRM  1549),  Oyster  Tissue 
(SRM  1 566a),  Bovine  Liver  (SRM  1 577a),  Wheat  Flour 
SRM  1567a),  Rice  Flour  (SRM  1568a),  and  Total  Diet 
(SRM  1 548).  The  certificate  of  analysis  for  the  total  diet 
SRM  also  provides  a  certified  concentration  for  choles- 
terol. Oyster  tissue,  a  renewal  SRM,  is  certified  for  25 
elements  including  6  (Al,  CI,  I,  P,  S,  and  V)  that  had 
not  been  certified  in  the  previously  issued  SRM  1566. 
The  elemental  certified  concentrations  are  based  on 
concordant  results  of  two  or  more  independent  analyt- 
ical methods.  The  chemical  compositions  of  the  six 
food  matrix  SRMs  are  tabulated.  Three  food  matrix 
SRMs  certified  for  organic  constituents  are:  Choles- 
terol and  Fat-Soluble  Vitamins  in  Coconut  Oil  (SRM 
1563),  Cholesterol  in  Whole  Egg  Powder  (SRM  1845) 
and  Organics  in  Cod  Liver  Oil  (SRM  1588).  Serum  and 
urine  matrix  SRMs  are  also  available  that  may  be  use- 
ful for  metabolic  and  bioavailability  studies. 
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M.  F.  Desrosiers.  1991,  3p. 

Pub.  in  Applied  Radiation  and  Isotopes-International 
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Keywords:  'Food  processing,  'Dosimetry,  'Ionizing  ra- 
diation, Meat,  Electron  paramagnetic  resonance, 
Dose-response  relationships,  Reprints. 

The  use  of  electron  paramagnetic  resonance  (EPR) 
spectrometry  to  accurately  estimate  the  absorbed  dose 
to  radiation-processed  bones  (and  thus  meats)  is  ex- 
amined. Additive  re-irradiation  of  the  bone  produced  a 
dose  response  which  was  used  to  determine  the  initial 
dose  by  back-extrapolation.  It  was  found  that  an  expo- 
nential fit  (versus  linear  or  polynomial)  to  the  data  pro- 
vided improved  accuracy  of  the  estimated  dose.  These 
data  as  well  as  the  protocol  for  the  additive  dose  meth- 
od are  presented. 
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Electron  paramagnetic  resonance  (EPR)  spectrometry 
is  evaluated  as  a  method  to  retrospectively  assess  the 
absorbed  dose  to  radiation-processed  chicken  (con- 
taining bone).  Decay  of  the  hydroxyapatite 
paramagnetic  center  EPR  signal  intensity  was  mon- 
itored at  three  different  dose  levels  (0.5,  3.0,  7.0  kGy) 
up  to  20  days,  and  the  dose  was  assessed  for  each 
level  at  1 ,  8,  and  20  days  after  irradiation.  It  was  deter- 
mined that  the  time  of  evaluation  (up  to  20  days  post- 
irradiation)  did  not  adversely  affect  the  estimate  for  0.5 
and  3.0  kGy  bone,  and  only  moderately  affected  the 
7.0  kGy  estimates. 
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Fresh  whole  eggs  were  treated  with  ionizing  radiation 
for  Salmonellae  control  testing.  The  eggshell  was  then 
removed  and  examined  by  electron  paramagnetic  res- 
onance (EPR)  spectroscopy  to  determine  if  EPR  could 
be  used  to  (1)  distinguish  irradiated  from  unirradiated 
eggs  and  (2)  assess  the  absorbed  dose.  No  EPR  sig- 
nals were  detected  in  unirradiated  eggs,  while  strong 
signals  were  measurable  for  more  than  200  days  after 
irradiation.  Although  a  number  of  EPR  signals  were 
measured,  the  most  intense  resonance  (g  =  2.0019) 
was  used  for  dosimetry  throughout  the  study.  This  sig- 
nal was  observed  to  increase  linearly  with  dose  (up  to 
approximately  6  kGy),  which  decayed  approximately 
20%  within  the  first  5  days  after  irradiation  and  re- 
mained relatively  constant  thereafter.  The  standard 
added-dose  method  was  used  to  assess,  retrospec- 
tively, the  dose  to  eggs  processed  at  0.2,  0.7,  and  1.4 
kGy.  Relatively  good  results  were  obtained  when 
measurement  was  made  on  the  day  the  shell  was 
reirradiated;  with  this  procedure  estimates  were  better 
for  shell  processed  at  the  lower  doses. 
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M.  F.  Desrosiers,  G.  L.  Wilson,  C.  R.  Hunter,  and  D. 
R.  Hurton.  1991,  4p. 

Pub.  in  Applied  Radiation  and  Isotopes-International 
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Keywords:  'Food  processing,  'Bones,  'Dosimetry, 
'Cesium  137,  Electron  paramagnetic  resonance, 
Chickens,  Meat,  Regression  analysis,  Reprints. 

Free  radicals  produced  in  chicken  bone  tissue  by 
(137)Cs  gamma  rays  were  measured  using  electron 
paramagnetic  resonance  (EPR)  spectroscopy.  The 
yield  of  radicals  was  proportional  to  the  absorbed  dose. 
Additive  re-irradiation  of  previously  irradiated  bones  is 
the  basis  of  a  method  to  estimate  the  absorbed  dose 
in  radiation-processed  foods.  The  ability  of  the  method 
to  accurately  provide  estimates  for  a  range  of  doses 
(0.5  -  7.4  kGy)  is  tested  here.  It  was  determined  that 
a  linear  fit  to  the  data  yielded  good  dose  estimates  for 
bone  irradiated  <  2  kGy,  but  failed  at  the  higher  doses 
using  a  linear  approximation  to  the  dose  response. 
These  data  and  their  implications  are  discussed. 
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Supercritical  Fluid  Extraction  of  Biological  Prod- 
ucts. 
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In  this  review,  the  application  of  supercritical  fluid  ex- 
traction to  biological  products  is  discussed.  The  review 
begins  with  a  general  discussion  of  the  supercritical 
fluid  state,  covering  pure  fluid  and  mixture  properties, 
solubility,  transport  phenomena,  and  phase  diagram 
modeling.  The  major  experimental  measurement  are 
discussed,  especially  the  determination  of  solute  solu- 
bility in  supercritical  fluids.  Some  recent  applications 
in  the  areas  of  pharmaceuticals  and  foods  are  de- 
scribed in  detail.  Finally,  an  overview  of  current  work 
and  future  prospects  is  presented. 
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Food  Irradiation  Dosimetry. 
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'Dosimetry,  Gamma  rays,  X  rays,  Absorption,  Dose- 
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Measurements  of  absorbed  dose,  dose  rate,  and  dose 
distribution  in  food  products  are  vital  to  the  success  of 
treatment  of  food  by  ionizing  radiation  (x-  and  gamma 
radiation  and  electron  beams).  Dosimetry  is  used  not 
only  for  regulatory  purposes  and  quality  control,  but  as 
documentation  of  research  leading  to  each  food  treat- 
ment process  and  for  setting  proper  doses  and  accept- 
able dose  limits.  For  regulatory  purposes  as  well  as 
for  economic  viability  of  food  irradiation,  such  docu- 
mentation is  thoroughly  dependent  on  dosimetry.  It 
must  include  process  characterization,  dosimeter  cali- 
bration data,  dose  mapping  results,  routine  dosimetry 
data  and  associated  process  parameters  and  control 
for  each  run,  readout  equipment  maintenance  and 
standard  operating  procedures,  statistical  data,  prod- 
uct loading  and  dosimeter  locations,  dose  uniformity, 
and  evaluations  of  probability  that  the  process  speci- 
fications have  (or  have  not)  been  met. 

00.042 

PB96-161690       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL), 
Gaithersburg,  MD.  Ionizing  Radiation  Div. 
Inter-Laboratory  Trials  of  the  EPR  Method  for  the 
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Final  rept. 
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Three  international  trials  on  the  use  of  electron 
paramagnetic  resonance  (EPR)  to  detect  irradiated 
meats  containing  bone  were  sponsored  as  part  of  a 
coordinated  research  programmed  by  the  International 
Atomic  Energy  Agency.  In  these  trials,  11  laboratories 
used  EPR  to  examine  a  total  of  1 54  bone  samples  from 
three  different  meats.  In  one  of  the  trials  food  irradia- 
tion processing  conditions  were  simulated.  The  results 
were  100%  successful  for  identifying  both  irradiated 
and  unirradiated  bones.  A  protocol  for  the  EPR  method 
is  provided. 
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Commentary  on  'Optimization  of  Experimental  Pa- 
rameters for  the  EPR  Detection  of  the  Cellulosic 
Radical  in  Irradiated  Foodstuffs'. 
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Keywords:  "Food  processing,  Reprints,  Standards, 
Protocols,  "Foreign  technology,  *EPR,  Spectrometer 
parameters. 

After  many  interlaboratory  trials,  several  EPR  methods 
for  the  detection  of  irradiated  foods  are  being  prepared 
as  standard  protocols.  The  works  of  Goodman  et  al. 
(1994)  and  Raffi  et  al.  (1992)  present  conflicting  gen- 
eral recommendations  for  optimum  parameter  sets  in 
the  EPR  protocols.  Here  we  demonstrate  that  short- 
comings of  recommending  general  parameter  sets  for 
the  varying  types  of  food  samples  and  the  different 
spectrometer  configurations  employed  to  examine 
them. 
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The  Goddard  High  Resolution  Spectrograph  (GHRS), 
currently  in  Earth  orbit  on  the  Hubble  Space  Telescope 
(HST),  operates  in  the  wavelength  range  1150-3200 
A  with  spectral  resolutions  of  approximately  2  x  10  to 
the  3rd  power,  2  x  10  to  the  4th  power,  and  1x10 
to  the  5th  power.  The  instrument  and  its  development 
from  inception,  its  current  status,  the  approach  to  oper- 
ations, representative  results  in  the  major  areas  of  the 
scientific  goals,  and  prospects  for  the  future  are  de- 
scribed. 
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FUSE  will  observe  a  broad  range  of  astrophysical 
sources,  including  cool  stars,  with  high  sensitivity  and 
high  spectral  resolution  in  the  far  ultraviolet  (912- 
1205A).  It  will  also  observe  the  100-1600A  region  with 
high  throughput  and  modest  resolution.  The  author 
summarizes  the  development  and  present  status  of 
FUSE. 
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This  is  an  attempt  to  provide  a  working  bibliography 
for  particular  use  in  preparation  for  the  Fourth  Sympo- 
sium on  Cosmical  Gas  Dynamics:  Aerodynamic  Phe- 
nomena in  Stellar  Atmospheres. 
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This  publication  comprises  three  papers  on  astrophysi- 
cal and  geophysical  problems  that  were  presented  at 
a  special  symposium  at  the  National  Bureau  of  Stand- 
ards Boulder  (Colo.)  Laboratories  in  June  1961.  The 
speakers  spoke  on  the  question:  What  are  the  most 
important  atomic  and  molecular  data  needed  by  theo- 
reticians for  progress  in  astrophysics,  geophysics,  and 
gas  lasers.  The  papers  are  entitled  'Astrophysical 
problems'  by  Michael  Seaton;  'Collision  processes  in 
the  high  atmosphere'  by  A.  Dalgarno;  and  'Some  prob- 
lems connected  with  the  analysis  of  the  structure  of  the 
solar  atmosphere'  by  Charlotte  Pecker. 
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We  observed  this  prototypical  M  supergiant  using  the 
VLA  at  centimeter  wavelengths  about  once  a  month 
over  a  4-year  period  from  July  1986  to  September 
1990,  resulting  in  a  cumulative  exposure  time  of  about 
120  hours.  There  is  no  evidence  for  radio  flaring  at  any 
of  the  observing  wavelengths.  Low-level  variability 
(about  =  or  <  25%)  does  appear  to  be  present  at  the 
shorter  wavelengths  (2  and  3.6  cm)  and  may  be  also 
occurring  at  6  cm,  and  is  usually  in  the  form  of  tem- 
porary decreases  of  the  radio  flux  densities  from  their 
usual  levels.  The  timescale  for  these  radio  dips  is  not 
well-determined  by  the  present  data  set,  but  significant 
variability  on  a  timescale  of  =  or  <  1  month  is  observed 
on  occasion.  There  is  no  correlation  between  the  vari- 
ations observed  at  the  different  wavelengths. 
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The  secular  decay  of  solar-type  activity  with  age  is 
studied  through  a  detailed  comparison  of  the  present 
Sun  (G2  V)  with  the  very  old  (9-10  Gyr)  solar-type  star 
beta  Hydri  (G2  IV),  taken  as  a  proxy  of  the  future  Sun. 
Analyses  of  successive  atmospheric  layers  are  made, 
and  this  Paper  III  in  the  series  treats  the  outermost 
parts.  The  far-UV  emission  lines  from  the  transition 
zone  are  among  the  faintest  so  far  seen  in  any  solar- 
type  star.  The  significance  of  the  deduced  fluxes  for 
the  weak  and  marginally  detected  lines  is  tested 
through  two  independent  reductions  of  IUE  data.  The 
coronal  soft  X-ray  spectrum  was  measured  through  dif- 
ferent filters  on  EXOSAT  and  compared  to  simulated 
X-ray  observations  of  the  Sun  seen  as  a  star.  The  flux 
from  beta  Hydri  is  weaker  than  that  from  the  solar  co- 
rona and  has  a  different  spectrum. 
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Keywords:  "Stellar  flares,  Ultraviolet  spectra,  Micro- 
wave spectra,  Radiative  transfer,  IUE,  Reprints,  Very 
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A  large  flare  was  detected  simultaneously  with  IUE  and 
VLA  on  Gl  182  on  5  October  1983,  this  event  showing 
the  largest  C  IV  flare  enhancement  yet  observed  by 
IUE.  A  smaller  flare  was  also  detected  on  4  October, 
although  only  with  the  IUE  satellite.  We  use  line  ratio 
and  emission  measure  techniques  to  derive  various 
physical  parameters  of  the  flares,  i.e.,  the  electron 
pressures  and  the  dimensions  of  the  emitting  plasma. 
The  radio  data  suggest  that  the  flare  was  an  optically- 
thick  gyro-resonance  or  gyro-synchrotron  event.  There 
is  no  evidence  that  the  event  was  circularly  polarized. 
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Surveys,  Reprints,  Very  large  array(VLA). 

We  present  results  of  a  high  sensitivity  VLA/Australia 
Telescope  survey  of  radio  continuum  emission  from 
the  57  Herbig  Ae/Be  stars  (and  candidates)  cataloged 
by  Finkenzeller  and  Mundt  (1984).  Twelve  stars  were 
detected  at  the  primary  observing  wavelength  of  3.6 
cm,  with  an  additional  five  stars  possibly  detected. 
Upper  limits  for  undetected  stars  are  typically  0.1  mJy 
(3  sigma).  Follow-up  observations  in  the  wavelength 
range  2  -  20  cm  give  spectral  index  estimates  for  9 
stars.  Preliminary  analysis  suggests  that  the  radio 
emission  is  of  thermal  origin  in  most  cases,  although 
nonthermal  emission  is  a  possibility  for  TY  CrA  and 
MWC  137. 


00,052 

PB94-198652       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Discovery  of  an  X-Ray  Selected,  Radio-Loud  Qua- 
sar at  z=3.9. 
Final  rept. 

R.  H.  Becker,  D.  J.  Helfand,  and  R.  L.  White.  1992, 
4p. 

Pub.  in  Astronomical  Jnl.  104,  n2  p531-534  Aug  92. 
Sponsored  by  Department  of  Energy,  Washington,  DC. 
Office  of  Energy  Research. 


00,052 


7 


ASTRONOMY  &  ASTROPHYSICS 


Astrophysics 


Keywords:  "X-ray  sources,  "Quasars,  Radio 
sources(Astronomy),  Emission  spectra,  Red  shift,  Re- 
prints. 

A  flux-limited  catalog  of  radio  sources  in  the  northern 
sky  has  been  used  to  select  about  600  weak  x-ray 
sources  from  a  database  of  about  10(sup  5)  2-4  sigma 
fluctuations  derived  from  Einstein  Observatory  Imaging 
proportional  counter  x-ray  images.  Optical  spectros- 
copy of  only  six  of  these  sources  resulted  in  the  discov- 
ery of  a  quasar  with  an  emission-line  redshift  of  3.87, 
the  highest  redshift  x-ray  source  yet  discovered.  Sub- 
sequent VLA  observations  reveal  the  source  to  have 
a  flat-spectrum  radio  core  plus  an  unresolved  radio 
lobe  2.5  seconds  away  with  a  spectral  index  of  alpha=- 
1.45.  The  lobe  is  connected  to  the  core  by  a  weak  jet. 
The  integrated  flux  density  of  the  source  at  20  cm  is 
0.66  Jy.  The  V  magnitude  of  the  quasar  in  19.5,  and 
the  tentative  x-ray  source  has  a  very  soft  spectrum. 
The  authors  discuss  the  properties  of  the  object  in  the 
context  of  known  high-redshift  radio  sources  and  exist- 
ing x-ray  selected  quasar  samples,  and  comment  on 
the  potential  of  our  discovery  technique  for  exploring 
the  properties  of  very  distant  active  galaxies. 
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Sponsored  by  NASA  Center  for  AeroSpace  Informa- 
tion, Baltimore-Washington  International  Airport,  MD. 
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Keywords:  'Pleiades  cluster,  *F  stars,  *G  stars,  Stellar 
chromospheres,  Stellar  spectra,  Satellite  observation, 
Ultraviolet  spectra,  Late  stars,  Magnesium  ions,  Car- 
bon ions,  IUE,  Reprints,  *Hyades  cluster. 

The  authors  have  made  the  first  extensive  set  of  IUE 
observations  of  solar-type  stars  (spectral  types  F5-G5) 
in  the  Pleiades.  Spectra  were  obtained  in  1988  Janu- 
ary and  August  for  both  the  transition  region  (C  IV  1 550 
A;  low-resolution)  and  chromospheric  (Mg  II  2800  A; 
high-resolution)  emission  wavelength  regions,  respec- 
tively. The  Pleiades  solar-type  stars  lie  at  the  extreme 
limit  of  what  IUE  can  observe  in  very  long  exposures. 
The  authors  were  able  to  detect  Mg  II  fluxes  for  two 
out  of  three  Pleiades  stars  and  interesting  C  IV  upper 
limits  for  two  of  these  stars.  Long-wavelength,  high- 
resolution  spectra  were  also  obtained  for  previously 
unobserved  solar-type  stars  in  Hyades.  With  the  inclu- 
sion of  spectra  of  additional  Hyades  stars  obtained 
from  the  IUE  archives,  they  have  calculated  surface 
fluxes  and  fractional  luminosities  for  both  clusters' 
solar-type  stars.  These  values  provide  a  better  esti- 
mate for  the  Mg  II  saturation  line  for  single  (as  opposed 
to  contact-binary)  stars. 
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The  K5  III  star  alpha  Tau  was  observed  with  the  God- 
dard High  Resolution  Spectrograph  on  1990  Novem- 
ber 27  as  part  of  the  Science  Assessment  Program  for 
the  Hubble  Space  Telescope.  The  observations  in- 
clude spectra  in  both  the  Large  and  Small  Science  Ap- 
ertures in  modes  G270M  at  2345  A  and  echelle  B  at 
2325  A.  The  spectra  show  intersystem  and  permitted 
chromospheric  emissions  lines  of  C  II  (right  bracket), 
Si  II  (right  bracket),  Fe  II,  Fe  I,  Ni  II,  and  Co  II.  Resolved 
profiles  of  the  C  II  (right  bracket)  lines  indicate  a  com- 
plex chromospheric  turbulent  velocity  distribution  with 


mean  value  of  approx.  24  km/s  (right  bracket),  while 
their  observed  wavelengths  indicate  a  4  km/s  downflow 
of  the  CM  (right  bracket)  plasma.  Twenty-five  new 
emission  lines  have  been  found  in  the  2320-2370  A 
region,  17  of  which  have  been  identified  with  the  aid 
of  Skylab  data  obtained  above  the  solar  limb,  including 
four  lines  from  Co  II  (UV  8)  and  an  Fe  I  (UV  12)  line. 
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2.   Coronal   Temperatures   of  the   RS  Canum 
Venaticorum  Systems. 
Final  rept. 
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The  authors  present  the  results  from  an  analysis  of  X- 
ray  spectra  of  44  RS  CVn  systems  obtained  during  the 
ROSAT  All-Sky  Survey  with  the  Position  Sensitive  Pro- 
portional Counter  (PSPC).  Thermal  plasma  models 
with  two  temperature  components  are  found  to  repro- 
duce the  observations  better  than  single  or  continuous 
temperature  models.  The  authors  typically  find  that  a 
bimodal  distribution  of  temperatures  centered  near  2 
x  10(sup  6)  and  1.6  x  10(sup  7)  K  fit  the  data  best. 
They  show  that  the  PSPC  temperatures  agree  well 
with  those  from  similar  low-resolution  measurements, 
although  differences  exist,  primarily  due  to  differing  de- 
tector bandpasses.  After  comparing  coronal  character- 
istics-temperature or  emission  measure-with  stellar 
parameters  including  rotation  period  and  dynamo  num- 
ber, the  authors  find  no  compelling  relationship.  Includ- 
ing a  gravity  term,  as  suggested  by  previous  investiga- 
tors, leads  to  a  deceptive  relationship,  because  gravity 
is  a  strong  function  of  rotation  period  for  these  sys- 
tems. Similarly,  the  height  integrates  emission  meas- 
ures of  the  components  in  the  two-temperature  mod- 
els, including  a  gravity  term,  are  found  to  be  well  cor- 
related with  temperature. 
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Results  are  presented  for  two  flares  detected  by  the 
X-ray  satellite  GINGA,  the  International  Ultraviolet  Ex- 
plorer satellite,  ground-based  Johnson  U-band  pho- 
tometry, and  optical  spectroscopy  from  the  Isaac  New- 
ton telescope  for  the  RS  CVn  star  II  Peg. 
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We  present  some  new  radio  continuum  and  X-ray  data 
on  the  coronae  of  RS  CVn  and  related  active  binary 


systems  which  complement  those  included  in  the  pre- 
vious Drake,  Simon,  and  Linsky  study  of  the  radio 
emission  properties  of  these  stars.  The  bulk  of  these 
new  radio  data  consists  of  6  cm  circular  polarization 
measurements  of  28  binaries  for  which  we  can  set  sig- 
nificant constraints  (approx  =  or  <  25%)  on  this  quan- 
tity. Seven  sources  showed  definite  circular  polariza- 
tion at  levels  from  2%  to  13%,  and  two  others  showed 
possible  circular  polarization.  We  also  present  2  cm 
flux  density  and  circular  polarization  measurements  for 
29  Dra,  lambda  And,  and  sigma  Gem  on  dates  for 
which  we  also  have  6  cm  observations. 
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The  review  is  organized  as  follows.  First,  the  author 
discusses  the  various  gas  components  in  rough  order 
of  increasing  scale  height.  Section  1  discusses  neutral 
gas,  section  2  the  'warm'  and  'not-so-warm'  ionized 
gas,  section  3  the  T  approx  =  10(sup  5)  K  component 
at  higher  z  that  is  detected  in  UV  absorption  and  emis- 
sion, section  4  the  high-velocity  neutral  gas,  section  5 
the  cosmic-ray  halo  as  revealed  by  synchrotron  emis- 
sion, and  section  6  the  magnetic  field.  Next,  section 
7  covers  the  interaction  between  the  low-z  gas  and  the 
halo,  which  is  the  main  topic  of  this  symposium;  and 
finally,  section  8  discusses  some  aspects  of  the  inter- 
stellar medium  that  are  relevant  to  this  interaction,  with 
emphasis  on  the  uncertainties. 
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The  Opacity  Project  was  organized  to  compute  new 
opacities  for  stellar  envelopes,  but  has  produced  as  a 
secondary  product  a  vast  amount  of  atomic  radiative 
data  for  almost  all  elements  of  astrophysical  interest. 
The  photoionization  cross  sections  in  many  cases 
show  extensive  resonance  structure,  which  introduces 
complications  when  they  are  used  in  stellar  modeling. 
Possible  ways  of  dealing  with  this  problem  are  dis- 
cussed. Finally,  a  method  of  presenting  atomic  data  in 
standardized  subroutines  in  order  to  eliminate  the  need 
for  large,  special  purpose  data  sets  is  proposed. 
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A  new,  purely  spectroscopic  method  to  determine 
masses,  radii  and  distances  of  massive,  luminous  hot 
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stars  is  presented.  This  method  is  based  on  the  theory 
of  radiation-driven  winds  and  uses  terminal  velocity, 
mass-loss  rate  and  effective  temperature  as  observa- 
tional quantities  determined  from  the  spectrum.  The 
potential  of  this  method  is  discussed. 
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Recent  work  on  aspects  of  line  shapes  which  are  rel- 
evant to  astrophysical  spectra  are  discussed,  namely 
(i)  the  impact  broadening  of  strong  resonance  lines  by 
atomic  hydrogen,  (ii)  the  effects  on  line  profiles  of 
collisional  redistribution  of  radiation  in  the  impact  re- 
gion and  (iii)  the  influence  of  velocity  changing  colli- 
sions on  impact  region  redistribution. 
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The  author  will  summarize  the  spectroscopic  capabili- 
ties of  existing  and  planned  space  experiments,  includ- 
ing HUT  and  FUSE,  that  will  obtain  spectra  of  astro- 
nomical sources  at  wavelengths  shorter  than  Lyman- 
alpha.  The  important  atomic  and  molecular  data  need- 
ed to  analyze  far  and  extreme  ultraviolet  spectra  that 
will  be  obtained  with  these  instruments  include  accu- 
rate wavelengths,  oscillator  strengths,  photoionization 
cross  sections  for  six  important  molecules,  and,  espe- 
cially, electron  collisional  excitation  cross  sections  for 
both  low  and  high  stages  of  ionization. 
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The  author  will  summarize  the  past  developments  and 
present  status  of  the  FUSE  Project.  FUSE  will  observe 
a  broad  range  of  astrophysical  sources,  including  cool 
stars,  with  high  sensitivity  and  high  spectral  resolution 
in  the  far  ultraviolet  (912-1250A).  It  will  also  study 
broad  band  spectra  (100-1600A)  with  high  throughput 
and  modest  resolution. 
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I  report  on  the  first  GHRS  (Goddard  High  Resolution 
Spectrograph)  spectra  of  two  very  different  late-type 
giant  stars  -  Capella  and  gamma  Dra.  Capella  is  a  104 
day  period  binary  system  consisting  of  two  stars  (G9 
III  and  GO  III)  each  of  which  shows  bright  emission 
lines  formed  in  solar-like  transition  region  and  coronae. 
By  contrast,  gamma  Dra  is  a  hybrid-chromosphere  star 
with  very  weak  emission  lines  from  high-temperature 
plasma.  Low-dispersion  spectra  of  these  stars  cover- 
ing the  11 60  to  1717  A  spectral  range  show  unresolved 
emission  lines  from  neutral  species  through  N  V.  The 
very  different  surface  fluxes  detected  in  the  spectra  of 
these  stars  suggest  different  types  of  heating  mecha- 
nisms. 
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I  will  summarize  the  x-ray  observations  of  flares  on 
dMe,  active  spectroscopic  binaries,  and  young  stars. 
Questions  of  particular  interest  include  the  energy  as- 
sociated with  the  x-ray  emission  and  its  relation  to 
other  components  of  the  flare  energy  budget,  the  time 
behavior  of  the  flaring  plasma  as  revealed  by  the  x- 
ray  emission,  and  comparisons  of  stellar  flare  param- 
eters with  solar  compact  and  two  ribbon  flares. 
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We  analyze  HST  Goddard  High-Resolution  Spectro- 
graph observations  of  the  1216,  2600,  and  2800  A 
spectral  regions  for  the  spectroscopic  binary  system 
Capella,  obtained  at  orbital  phase  0.26  with  3.27-3.57 
km/s  resolution  and  high  signal-to-noise  ratio.  We  infer 
the  column  densities  of  H  I,  D  I,  Mg  II,  and  Fe  II  for 
the  local  interstellar  medium  along  the  12.5  pc  line  of 
sight,  together  with  estimates  of  the  temperature  and 
turbulent  velocity.  If  we  assume  that  the  intrinsic 
Ly(alpha)  lines  of  the  component  stars  in  the  Capella 
system  can  be  approximated  as  scaled  solar  lines  (with 
self-reversals),  which  is  consistent  with  the  observed 
Ly(alpha)  profile  of  the  high  radial  velocity  star  delta 
Lep,  then  the  average  interstellar  neutral  hydrogen 
number  density  =  0.047/cc. 
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We  have  detected  a  total  of  16  magnetic  Bp-Ap  stars 
at  6  cm,  out  of  61  observed,  including  both  He-strong 
and  He-weak/Si-strong  stars  with  log  L(6)  =  14.7  to 
17.9,  but  none  of  the  classical  (SrCrEu-type)  Ap  stars 
at  a  detection  limit  of  log  L(6)  <  14.9.  We  believe  that 
the  radio-emitting  CP  (chemically  peculiar)  stars  form 
a  distinct  class  of  radio  stars  that  differs  from  both  the 
hot  star  wind  sources  and  the  active  late-type  stars. 
For  the  detected  CP  stars,  we  find  that  L(6)  is  propor- 
tional to  M(sup  0.5)  B(rms),  produced  by  optically  thick 
nonthermal  gyrosynchrotron  emission.  In  our  model, 
the  electrons  are  accelerated  in  current  sheets  located 
10-20  radii  from  the  star. 
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We  have  extended  the  initial  survey  of  radio  emission 
from  magnetic  Bp-Ap  stars  by  Drake  et  al,  in  five  sub- 
sequent very  large  array  (VLA)  observing  runs.  A  total 
of  16  sources  have  been  detected  at  6  cm  out  of  61 
observed,  giving  a  detection  rate  of  26%.  Of  these 
stars,  three  are  also  detected  at  2  cm,  four  at  3.6  cm, 
and  five  at  20  cm.  In  addition  to  the  three  He-strong 
and  two  He-weak/Si-strong  stars  previously  reported 
as  radio  sources,  we  have  detected  1 1  new  stars  as 
radio  sources  with  spectral  types  B5-A0  that  are  He- 
weak  and  Si-strong.  We  have  not  yet  detected  any  of 
the  classical  (SrCrEu-type)  Ap  stars  despite  many  at- 
tempts. We  find  a  wide  range  of  high  6  cm  radio 
luminosities  forthe  detected  stars,  with  log  L(6)  =  14.7- 
17.9.  We  show  that  all  of  the  observed  properties  of 
radio  emission  from  these  stars  may  be  understood  in 
terms  of  optically  thick  gyrosynchrotron  emission  from 
a  nonthermal  distribution  of  electrons.  We  propose  a 
model  in  which  the  electrons  are  produced  in  current 
sheets  forming  10-20  radii  from  the  star.  In  this  model 
the  electrons  travel  along  magnetic  fields  to  smaller 
radii  and  higher  magnetic  latitudes  where  they  mirror 
and  radiate  microwave  radiation. 
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This  is  a  preliminary  report  on  our  extensive  set  of  co- 
ordinated observations  of  RS  CVn  systems  obtained 
during  the  ROSAT  all-sky  survey.  Simultaneous  with 
the  PSPC  and  WFC  observations,  we  observed  five 
RS  CVn  systems  with  IUE  and  15  systems  with  the 
VLA,  typically  at  three  wavelengths.  We  list  the  times 
of  the  coordinated  observations  and  show  our  derived 
fluxes  for  one  system  -  TY  Pyx. 
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As  part  of  a  search  for  the  supernova  remnants  in  M83, 
we  have  obtained  new  interference  filter  images  of  the 
site  of  SN  1957D  and  new  spectra  of  the  young 
supernova  remnant  (SNR)  itself.  Images  were  ob- 
tained in  the  light  of  H(alpha)  (O  III),  (S  II),  and  several 
continuum  bands  using  the  prime  focus  CCD  camera 
on  the  CTIO  4  m  telescope.  An  inspection  of  the  im- 
ages shows  that  the  flux  from  the  SNR,  as  observed 
through  the  (O  III)  filter,  has  decreased  by  at  least  a 
factor  of  5  compared  with  observations  made  at  Las 
Campanas  4  years  earlier.  There  is  no  indication  of  a 
change  in  the  emission  from  the  SNR  in  any  other  filter. 
Spectroscopic  observations  conducted  at  the  position 
of  the  SN  yield  an  (O  III)  flux  in  1991  April,  down  by 
a  factor  of  3  from  measurements  with  the  same  instru- 
ment 2  years  earlier. 
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It  has  been  suggested  that  (C02)2  and  Ar-C02  are  im- 
portant constituents  of  the  planetary  atmospheres  of 
Venus  and  Mars.  Here,  we  present  recent  results  on 
the  laboratory  spectroscopy  of  C02-containing  van  der 
Waals  complexes  which  may  be  of  use  in  the  modeling 
of  the  spectra  of  planetary  atmospheres.  Sub-Doppler 
infrared  spectra  have  been  obtained  for  (C02)2, 
(C02)3,  and  rare-gas-C02  complexes  in  the  vicinity  of 
the  C02  Fermi  diad  (nu(1)  +  nu(3),  2nu(2)  +  nu(3))  at 
2.7  micrometers  using  a  color-center-laser  optothermal 
spectrometer.  From  the  spectroscopic  constants,  the 
geometries  of  the  complexes  have  been  determined 
and  van  der  Waals  vibrational  frequencies  have  been 
estimated.  The  equilibrium  configurations  are  C(2h), 
C(3h),  and  C(2v),  for  (C02)2,  (C02)3,  and  the  rare- 
gas-C02  complexes,  respectively.  The  linewidths  of 
the  rovibrational  transitions  are  =  or  <  22  MHz,  indicat- 
ing that  predissociation  is  as  much  as  four  orders  of 
magnitude  taster  than  radiative  processes  for  vibra- 
tional relaxation  in  these  complexes. 
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The  18  micrometer  silicate  dust  feature  is  detected  in 
1 1  young  planetary  nebulae  selected  from  radio  prop- 
erties. The  presence  of  the  18  micrometer  silicate  fea- 
ture suggests  that  oxygen-rich  planetary  nebulae  are 
more  common  than  previously  believed.  The  silicate 
dust  probably  originates  from  the  remnants  of  the 
circumstellar  envelopes  of  the  nebulae's  asymptotic- 
giant-branch  progenitors  and  remains  visible  in  young 
planetary  nebulae.  Most  interestingly,  there  are  six 
young  planetary  nebulae  that  show  both  oxygen-  and 


carbon-rich  dust  features.  It  is  possible  that  a  planetary 
nebula  that  descends  from  an  oxygen-rich  progenitor 
star  will  be  classified  as  carbon  rich  as  the  silicate  fea- 
ture diminishes  and  the  ultraviolet-excited  polycycllc 
aromatic  hydrocarbon  bands  become  more  prominent 
as  the  nebula  ages.  We  suggest  that  a  true  chemical 
origin  of  planetary  nebulae  can  only  be  reliably  deter- 
mined from  young  planetary  nebulae. 
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The  frequencies  of  the  N  =  1  <--  0  transition  of  MgH 
are  reported.  They  will  serve  as  a  basis  for  astrophysi- 
cal searches  for  the  molecule. 
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The  secular  decay  of  solar-type  activity  with  age  is 
studied  through  a  detailed  comparison  of  the  present 
Sun  (G2  V)  with  the  very  old  (9-10  Gyr)  solar-type  star 
beta  Hyi  (G2  IV),  taken  as  a  proxy  of  the  future  Sun. 
Analyses  of  successive  atmospheric  layers  are  made, 
and  this  Paper  III  in  the  series  treats  the  outermost 
parts.  The  far-UV  emission  lines  from  the  transition 
zone  are  among  the  faintest  so  far  seen  in  any  solar- 
type  star.  The  significance  of  the  deduced  fluxes  for 
the  weak  and  marginally  detected  lines  is  tested 
through  two  independent  reductions  of  IUE  data.  The 
coronal  soft  X-ray  spectrum  was  measured  through  dif- 
ferent filters  on  EXOSAT  and  compared  to  simulated 
X-ray  observations  of  the  Sun  seen  as  a  star.  The  flux 
from  beta  Hyi  is  weaker  than  that  from  the  solar  corona 
and  has  a  different  spectrum.  Implications  are  dis- 
cussed. 
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We  describe  the  hydrogen  Lyfalpha)  emission  of  the 
spectroscopic  binary  Capella  (G8  III  +  GO  III)  recorded 
at  0.1  A  resolution  by  the  International  Ultraviolet  Ex- 
plorer (IUE).  The  overt  changes  in  the  composite  line 
shape  with  orbital  phase  are  controlled  by  the  active 
GO  III  star  and  permit  a  dissection  of  the  stellar  compo- 
nents despite  the  obliteration  of  the  central  portion  of 
the  profile  by  atomic  hydrogen  and  deuterium  absorp- 
tion along  the  12.5  pc  sightline.  The  Ly(alpha)  line 
shape  of  the  active  GO  III  star  is  surprisingly  asymmet- 
ric and  possibly  is  variable.  Both  characteristics  sug- 
gest a  stellar  wind  of  moderate  excitation,  a  key  com- 
ponent of  the  coronal  evolution  scenario  of  Simon  and 
Drake  for  the  Hertzsprung-gap  giants. 
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Observations  of  3C  273  with  the  Goddard  High 
Resolution  Spectrograph  on  the  Hubble  Space  Tel- 
escope. 
Final  rept. 
1993,  16p. 

Pub.  in  Astronomical  Jnl.  105,  n3  p831-846  Mar  93. 

Keywords:  "Quasars,  Hubble  space  telescope,  Space- 
borne  astronomy,  Interstellar  matter,  Absorption  spec- 
tra, Ultraviolet  spectra,  Nickel  ions,  Galaxies,  Reprints, 
*3C  273  radio  source. 

The  observations  of  the  quasar  3C  273  taken  with  the 
Goddard  High  Resolution  Spectrograph  in  February 
1991  are  presented  here.  We  have  included  both  the 
reduced  raw  data,  and  smoothed  and  deconvolved 
spectra.  Also,  a  list  of  observed  absorption  lines  is  pre- 
sented. The  data  comprise  1 1  spectra,  including  1  low 
resolution  observation  and  10  medium  resolution  ob- 
servations. The  wavelength  region  covered  ranged 
from  about  1,150  to  2,820  A,  but  was  not  all  inclusive. 
The  procedures  used  to  obtain  and  reduce  the  data, 
including  corrections  for  fixed  pattern  noise,  com- 
pensation for  the  effects  of  spherical  aberration  in  the 
HST  primary  mirror,  and  objective  detection  of  weak 
absorption  lines,  are  described.  We  have  also  included 
a  short  discussion  on  the  detection  of  galactic  Ni  II  and 
Virgo  cluster  metal  lines. 

00.  077 

PB95-202479       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
ROSAT  All-Sky  Survey  of  Active  Binary  Coronae. 

1.  Quiescent  Fluxes  for  the  RS  Canum 
Venaticorum  Systems. 

Final  rept. 

R.  C.  Dempsey,  J.  L.  Linsky,  T.  A.  Fleming,  and  J.  H. 
M.  M.  Schmitt.  1993,  11p. 
Contract  NASA-NAG5-1797 

See  also  Part  2,  PB94-1 99601.  Sponsored  by  NASA 
Scientific  and  Technical  Information  Facility,  Baltimore, 
MD. 

Pub.  in  Astrophysical  Jnl.  86,  n2  p599-609  Jun  93. 

Keywords:  "Binary  stars,  "Stellar  coronae,  X  ray  as- 
tronomy, Spaceborne  astronomy,  ROSAT  mission, 
Sky  surveys(Astronomy),  Reprints. 

We  present  observations  of  1 36  RS  CVn  active  binary 
systems  obtained  with  the  ROSAT  Position  Sensitive 
Proportional  Counter  (PSPC)  during  the  all-Sky  Survey 
phase  of  the  mission.  Of  this  sample,  112  targets  were 
detected  in  exposures  of  about  600  s  or  less.  This  rep- 
resents the  largest  sample  of  RS  CVn  systems  ob- 
served to  date  at  any  wavelength,  including  X-rays. 
Furthermore,  since  the  entire  sky  was  surveyed,  these 
data  do  not  suffer  from  any  biases  other  than  those 
present  in  the  methods  used  to  discover  the  RS  CVn 
binaries.  Comparison  of  the  X-ray  properties  of  the  RS 
CVn  systems  with  6  cm  radio  and  C  IV  ultraviolet  emis- 
sion is  also  presented. 
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PB95-202669       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Sobolev  Approximation  for  Line  Formation  with 
Partial  Frequency  Redistribution. 
Final  rept. 

D.  G.  Hummer,  and  G.  B.  Rybicki.  1992,  10p. 
Contract  NASA-NAGW-766,  Grant  NSF-AST88- 
02937 

See  also  PB85-226058.  Sponsored  by  National 
Science  Foundation,  Washington,  DC.  and  National 
Aeronautics  and  Space  Administration,  Washington, 
DC. 

Pub.  in  Astrophysical  Jnl.  387,  p248-257, 1  Mar  92. 

Keywords:  "Spectral  lines,  Radiative  transfer,  Reprints, 
Sobolev  approximation,  Expanding  atmospheres. 

The  formation  of  a  spectral  line  in  a  uniformly  expand- 
ing infinite  medium  is  investigated  in  the  Sobolev  ap- 
proximation with  particular  attention  to  the  various 
mechanisms  for  frequency  redistribution.  Numerical 
and  analytic  solutions  of  the  transfer  equation  are  pre- 
sented for  a  number  of  redistribution  functions  and 
their  approximations,  including  type  I  and  type  II  partial 
redistribution,  coherent  scattering  and  complete  redis- 
tribution, and  the  Fokker-Planck  and  uncorrelated  ap- 
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proximation  to  the  R(ll)  function.  The  solutions  for  the 
mean  intensity  are  shown  to  depend  very  much  on  the 
type  of  redistribution  mechanism,  while  for  the  fre- 
quency-weighted mean  intensity  J(bar),  which  enters 
the  rate  equations,  this  dependence  is  weak.  This  im- 
plies that  the  use  of  Sobolev  escape  probabilities 
based  on  complete  redistribution  can  be  an  adequate 
approximation  for  many  calculations  for  which  only  the 
radiative  excitation  rates  are  needed.  However,  it  is 
shown  that  the  criteria  for  applicability  of  Sobolev  the- 
ory may  be  difficult  to  meet  when  transfer  occurs  pri- 
marily in  the  Voigt  wings,  especially  for  complete  redis- 
tribution. 
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PB95-202677       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Recombination  Line  Intensities  for  Hydrogenic 
Ions-Ill.  Effects  of  Finite  Optical  Depth  and  Dust. 
Final  rept. 

D.  G.  Hummer,  and  P.  J.  Storey.  1992,  14p. 
Contract  NASA-NAGW-766 

See  also  Part  2,  PB89-1 07148.  Sponsored  by  NASA 
Scientific  and  Technical  Information  Facility,  Baltimore, 
MD. 

Pub.  in  Monthly  Notices  of  the  Royal  Astronomical  So- 
ciety 254.  p277-290  1992. 

Keywords:  "Hydrogen,  Lyman  lines,  Cosmic  dust.  Ele- 
ment abundance,  Universe,  Radiative  recombination, 
Radiative  transfer,  Radio  astronomy,  Helium,  Reprints. 

We  explore  systematically  the  effect  on  the  recombina- 
tion spectrum  of  hydrogen  arising  from:  (i)  finite  optical 
thickness  in  the  Lyman  Lines;  {»)  the  overlapping  of 
Lyman  lines  near  the  series  limit;  (iii)  the  absorption 
of  Lyman  lines  by  dust  or  photoionization,  and  (iv)  the 
long-wave  radiation  emitted  by  dust.  Full  account  is 
taken  of  electron  and  heavy  particle  collisions  in  redis- 
tributing energy  and  angular  momentum.  We  find  that 
each  of  these  deviations  from  the  classical  Case  B 
leads  to  observable  effects,  and  that  dust  influences 
the  recombination  spectrum  in  characteristic  ways  that 
may  make  possible  new  observational  constraints  on 
dust  properties  in  nebulosities.  On  the  basis  of  these 
calculations,  we  believe  the  uncertainty  in  the  deter- 
mination of  the  helium-to-hydrogen  abundance  ratio  in 
the  Universe  may  be  larger  than  currently  claimed. 


00.080 

PB95-202834       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Stellar  Coronal  Structures. 
Final  rept. 

J.  L.  Linsky.  1994,  10p. 

Sponsored  by  National  Aeronautics  and  Space  Admin- 
istration, Washington,  DC. 

Pub.  in  IAU  Colloq.  144  'Solar  Coronal  Structures', 
Tatronska  Lomnica,  Slovak  Rep.,  September  20-24, 
1993,  p641 -650  1994. 

Keywords:  "Stellar  coronae,  Stellar  winds,  Binary 
stars,  Dwarf  stars,  Peculiar  stars,  Magnetic  fields,  Re- 
prints. 

Large  magnetic  structures  in  the  coronae  of  stars  con- 
taining gas  at  a  wide  variety  of  temperatures  are  now 
being  studied  in  X-rays,  radio  wavelengths,  and 
H(alpha).  Here  the  author  summarizes  what  we  are 
learning  about  coronal  structures  in  three  types  of  stel- 
lar systems:  the  magnetic  chemically  peculiar  stars, 
the  RS  CVn  binary  systems  containing  G-  and  K-type 
subgiants,  and  active  solar-type  dwarfs  like  V471  Tauri 
and  AB  Doradus. 
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National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Deuterium  in  the  Local  Interstellar  Medium:  Its 
Cosmological  Significance. 
Final  rept. 

J.  L.  Linsky,  A.  Diplas,  B.  Savage,  C.  Andrulis,  and 
A.  Brown.  1994,  4p. 
Contract  NASA-S-56500-D 

Sponsored  by  National  Aeronautics  and  Space  Admin- 
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Pub.  in  Frontiers  of  Space  and  Ground-Based  Astron- 
omy, p301-304  1994. 

Keywords:  'Interstellar  matter,  "Deuterium,  "Hydrogen, 
"Isotope  ratio,  Hubble  space  telescope,  Lyman  alpha 
radiation,  Line  of  sight,  Galactic  evolution,  Cosmology, 
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We  report  on  our  ongoing  program  to  measure  the 
deuterium/hydrogen  (D/H)  ratio  and  interstellar  gas 
properties  along  many  lines  of  sight  through  the  local 
interstellar  medium  using  the  Hubble  Space  Telescope 
(HST)  Goddard  High-Resolution  Spectrograph.  For  the 
line  of  sight  towards  Capella  (12.5  pc)  we  had  pre- 
viously found  D/H  =  1.65(+  0.07,  -0.18)  X  10(exp  -5), 
T  =  7,000  K,  and  turbulent  velocity  1.66  km/s.  These 
quantities  were  determined  by  modeling  the  interstellar 
hydrogen  and  deuterium  Lyman  alpha  lines  and  the 
resonance  lines  of  Fe  II  and  Mg  II  against  the  back- 
ground stellar  emission-line  profiles.  We  now  report  on 
our  preliminary  analysis  of  these  spectral  lines  for  the 
line  of  sight  toward  Procyon  (3.5  pc).  We  find  that  D/ 
H  =  1.40  +  or  -  0.05  X  I0(exp  -5).  Further  analysis  of 
this  and  other  lines  of  sight  are  planned  to  determine 
whether  the  D/H  ratio  varies  within  the  local  interstellar 
medium.  We  infer  the  primordial  value  of  D/H  from  Ga- 
lactic evolution  models  and  comment  on  the  derived 
baryon  density  of  the  Universe. 
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Peeking  Through  the  Picket  Fence:  What  Astro- 
physical  Surprises  May  Be  Present  in  the  100-1200 
Angstrom  Region. 
Final  rept. 

J.  L.  Linsky,  and  D.  G.  Luttermoser.  1991,  10p. 
Contracts  NASA-NAG5-82,  NASA-H-80531 
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Pub.  in  Advances  in  Space  Research  11,  n11  p(11)5- 
(11)141991. 

Keywords:  "Ultraviolet  astronomy,  Extreme  ultraviolet 
radiation,  Far  ultraviolet  radiation,  Ultraviolet  spectrom- 
eters, Ultraviolet  spectra,  Spacebome  astronomy,  Stel- 
lar coronae,  Flare  stars,  G  stars,  Reprints. 

In  anticipation  of  more  sensitive  EUV  and  FUV 
spectroscopic  instruments,  we  simulate  spectra,  in- 
cluding interstellar  absorption,  of  solar-like,  RS  CVn, 
and  flare  stars  as  folded  through  the  instrument  param- 
eters of  the  Extreme  Ultraviolet  Explorer  (EUVE), 
Lyman/Far  Ultraviolet  Spectroscopic  Explorer  (FUSE) 
Phase  A,  and  a  desirable  next-generation  spectrom- 
eter. We  find  that  even  the  relatively  insensitive  EUVE 
spectrometer  will  be  able  to  detect  sufficient  spectral 
lines  from  many  active  binary  and  dMe  stars  to  deter- 
mine their  coronal  emission  measure  distributions.  The 
Lyman/FUSE  or  next-generation  spectrometers  are 
needed  to  study  solar-type  stars  or  flaring  stars  with 
high  time  resolution.  The  high  throughput  and  effective 
area  of  a  next-generation  spectrometer  is  needed  for 
Doppler  imaging  studies,  stellar  wind  and  downflow 
measurements,  and  high  time  and  spectral  resolution 
of  stellar  flares. 
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New  High-Redshift  Damped  Lyman-alpha  Absorp- 
tion Systems  and  the  Redshift  Evolution  of 
Damped  Absorbers. 
Final  rept. 

R.  L.  White,  A.  L.  Kinney,  and  R.  H.  Becker.  1993, 
14p. 

Pub.  in  Astrophysical  Jnl.  407,  n2  p456-469,  20  Apr 
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Reprints. 

We  have  discovered  two  high-redshift  (Z(abs)  =  3.388 
and  2.908)  damped  Ly(alpha)  absorption  systems  and 
a  third  possible  damped  system  (Z(abs)  =3.080)  while 
obtaining  spectra  of  optical  counterparts  from  a  sample 
of  flat  spectrum  radio  sources.  These  three  systems 
all  have  higher  redshifts  than  any  previously  known 
damped  Ly(alpha)  absorption  systems  in  the  spectra 
of  radio-loud  quasars,  and  they  are  among  the  highest 
redshift  damped  Ly(alpha)  systems  known.  This  is  the 
first  good  statistical  evidence  for  evolution  in  the  num- 
ber (or  size)  of  damped  Ly(alpha)  absorbers  at  high 
redshift.  We  argue  that  the  most  likely  explanation  for 
the  rapid  disappearance  of  damped  Ly(alpha)  absorb- 
ers between  z  =  3.5  and  z  =  3  is  that  we  are  observing 
the  epoch  of  galaxy  formation. 
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National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
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Sponsored  by  National  Science  Foundation,  Washing- 
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tration, Washington,  DC. 
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Sulfur  ions,  Planetary  nebulae,  Reprints. 

We  have  constructed  CCD  mosaic  images  of  the  old 
Galactic  supernova  remnant  3C  400.2  in  lines  of 
H(alpha)  +  (N  II),  (S  II),  and  (O  III),  plus  a  continuum 
band.  These  are  the  first  CCD  images  covering  the  full 
extent  of  this  remnant,  and  they  reveal  significantly 
more  nebulosity  than  the  deepest  photographic  plates. 
Comparison  with  radio  and  X-ray  images  indicates  dra- 
matically different  morphology  in  the  three  regimes. 
The  optical  images  both  in  H(alpha)  +  (N  II)  and  in  (S 
II)  show  an  almost  complete,  irregular  shell  of  emis- 
sion, with  a  diameter  of  about  16',  little  over  half  that 
of  the  radio  shell,  while  the  X-ray  structure  is  a  centrally 
peaked  ellipsoid.  We  also  report  a  previously 
uncataloged  planetary  nebula  southwest  of  3C  400.2. 
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G203.2-12.3:  A  New  Optical  Supernova  Remnant  in 
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Final  rept. 
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We  report  the  discovery  of  what  appears  to  be  a 
supernova  remnant  at  unusually  high  latitude  near  the 
Galactic  anticenter.  CCD  images  in  the  light  of  both  (S 
II)  and  H(alpha)  show  patchy  filaments  scattered  over 
a  3'  region,  but  with  relative  strengths  in  the  two  lines 
which  vary  by  a  factor  of  20  from  one  filament  to  an- 
other. Spectra  confirm  the  line  identifications  and  vari- 
able intensities.  The  most  extreme  filaments  have  line 
flux  ratios  (S  ll)/H(alpha)  approx  =  5,  among  the  high- 
est observed  in  remnants.  The  position  of  G203.2-12.3 
coincides  with  that  of  a  'guest  star'  recorded  by  Chi- 
nese astronomers  in  A.D.  483. 
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Far-Ultraviolet  Flare  on  a  Pleiades  G  Dwarf. 

Final  rept. 

T.  R.  Ayres,  J.  R.  Stauffer,  T.  Simon,  G.  S.  Basri,  J. 
A.  Bookbinder,  A.  Brown,  G.  A.  Doschek,  J.  L. 
Linsky,  L.  W.  Ramsey,  F.  M.  Walter,  R.  A.  Stern,  and 
S.  K.  Antiochos.  1994,  4p. 

Sponsored  by  National  Aeronautics  and  Space  Admin- 
istration, Washington,  DC. 

Pub.  in  Astrophysical  Jnl.  420,  pL33-L36,  1  Jan  94. 
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prints. 

The  HST/FOS  recorded  a  remarkable  transient  bright- 
ening in  the  C  IV  (gamma-gamma)  1548,50  emissions 
of  the  rapidly  rotating  Pleiades  G  dwarf  H  II  314.  on 
the  one  hand,  the  'flare'  might  be  a  rare  event  luckily 
observed;  on  the  other  hand  it  might  be  a  bellwether 
of  the  coronal  heating  in  very  young  solar-mass  stars. 
If  the  latter,  flaring  provides  a  natural  spin-down  mech- 
anism through  associated  sporadic  magnetospheric 
mass  loss. 
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Keywords:  'Peculiar  stars,  'Radio  emission,  "Stellar 
magnetic  fields,  Radio  sources(Astronomy),  Stellar 
magnetosphere,  Steller  luminosity,  Stellar  tempera- 
ture, Very  large  array(VLA),  Reprints. 

The  authors  observed  23  members  of  the  Am  and 
HgMn  subclasses  of  chemically  peculiar  (CP)  stars 
with  the  VLA  to  search  for  nonthermal  radio  emission 
at  levels  comparable  to  those  found  for  the  Si  and  He 
peculiar  subclasses  of  the  CP  stars  be  Linsky  et  al. 
(ApJ,  393,  341  (1992)).  The  authors  detected  none  of 
the  Am  and  HgMn  stars  as  radio  emitters  with  upper 
limits  typically  <  0.20  mJy.  Applying  a  correlation  be- 
tween radio  luminosity,  surface  magnetic  field,  and  ef- 
fective temperature  derived  from  previous  radio  stud- 
ies of  the  Si  and  He  peculiar  CP  stars,  the  authors  find 
that  the  predicted  radio  luminosities  of  alpha-And  (an 
HgMn  star)  and  Sirius  (a  hot  Am  star)  are  more  than 
an  order  of  magnitude  larger  than  the  observed  upper 
limits,  indicating  that  these  stars  lack  magnetospheres, 
and,  by  inference,  surface  magnetic  fields. 
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X-ray  Emission  from  Chemically  Peculiar  Stars. 
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The  authors  have  searched  the  ROSAT  All-Sky  Survey 
(RASS)  database  at  the  positions  of  approximately  100 
magnetic  Bp-Ap  stars  of  the  helium-strong,  helium- 
weak,  silicon,  and  strontium-chromium  subclasses. 
The  authors  detect  X-ray  sources  at  the  positions  of 
10  of  these  stars;  in  four  cases  the  X-ray  emission  pre- 
sumably arises  from  an  early-type  companion  with  a 
radiatively  driven  wind,  while  the  authors  believe  that 
the  magnetic  chemically  peculiar  (CP)  star  is  the  most 
likely  X-ray  source  (as  opposed  to  a  binary  companion) 
in  at  least  three  and  at  most  five  of  the  six  remaining 
cases.  The  authors  discuss  the  X-ray  and  radio  emis- 
sion properties  of  their  sample  of  CP  stars,  and  argue 
that  both  types  of  emission  may  be  magnetospheric  in 
origin;  however,  there  is  clearly  not  a  simple  one-to- 
one  correspondence  between  them,  since  many  of  the 
magnetic  stars  that  are  detected  radio  sources  were 
not  detected  as  X-ray  sources  in  the  present  survey. 
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As  part  of  a  coordinated  program  of  multi-wavelength 
observations  of  RS  CVn  close  binary  systems,  the  au- 
thors observed  15  systems  with  the  VLA  and  10  sys- 
tems with  IUE,  simultaneously  or  nearly  simulta- 
neously with  the  ROSAT  All  Sky  Survey  observations 
of  these  stars.  Of  the  22  systems  observed  with 
ROSAT,  three  were  observed  both  by  IUE  and  the 
VLA.  The  prinicipal  aim  of  this  program  was  to  check 


the  validity  of  the  existing  empirical  correlations  be- 
tween the  radio  and  soft  X-ray  emissions  of  their 
coronae,  and  between  the  chromospheric/transition  re- 
gion and  coronal  emissions. 

00.090 

PB96-1 02504       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Boulder,  CO.  Electromagnetic  Technology  Div. 

Extended  CO(7  yields  6)  Emission  from  Warm  Gas 

in  Orion. 

Final  rept. 

J.  E.  Howe,  D.  T.  Jaffe,  E.  N.  Grossman,  G.  J. 
Stacey,  W.  F.  Wall,  and  J.  G.  Mangum.  1993,  9p. 
Pub.  in  Astrophysics  Jnl.,  v410  p179-187,  10  Jun  93. 

Keywords:  'Orion  nebula,  'Interstellar  gas,  'Molecular 
clouds,  Carbon  oxides,  Interstellar  matter,  Cosmic 
dust,  Cosmic  gases,  Stellar  luminosity,  Brightness 
temperture,  Line  spectra,  Emission  spectra.  Reprints. 

We  mapped  the  quiescent  emission  from  the  807  GHz 
J=7  yields  6  transition  of  CO  in  Orion  along  a  strip  in 
R.A.  extending  from  0.7  pc  west  to  1.2  pc  east  of 
Thetafsup  1)  C  Orionis.  Orion  KL  outflow  shows  that 
the  luminosity  of  shock-excited  CO(7  yields  6)  emis- 
sion in  Orion  is  only  a  few  percent  of  the  luminosity 
of  the  widespread  quiescent  CO(7  yields  6)  emission. 
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We  analyze  high-resolution  HST  spectra  of  the  dMOe 
flare  star  AU  Mic,  including  the  profiles  of  the  C  IV 
1548.2  A,  1550.8  A  and  Si  IV  1393.8  A,  1402.8  A  lines 
obtained  with  the  G160M  grating  of  the  Goddard  High- 
Resolution  Spectrograph.  The  quiescent  profiles  of  the 
C  IV  and  Si  IV  lines  are  broad,  and  not  simple 
Gaussian  in  shape.  Flux  in  the  C  IV  and  Si  IV  lines, 
for  example,  can  be  measured  reliably  out  to  about  + 
or  -  200  km  s-1  from  line  center.  Each  of  the  C  IV  and 
Si  IV  profiles  can  be  fitted  accurately  by  two  Gaussians 
(one  narrow  and  the  other  broad)  centered  on  nearly 
the  same  wavelength,  with  the  narrower  component 
accounting  for  roughly  60%  of  the  total  integrated  flux. 
The  narrow  components  have  similar  line  widths  to 
those  observed  in  solar  active  and  quiet  region.  The 
broad  Gaussian  components  of  the  AU  Mic  line  profiles 
are  reminiscent  of  the  broad  C  IV  profiles  observed  in 
solar  transition  region  explosive  events,  which  are 
thought  to  be  associated  with  emerging  magnetic  flux 
regions  where  field  reconnnection  occurs. 
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The  authors  report  on  an  observation  of  AU  Mic  taken 
with  the  Goddard  High  Resolution  Spectrograph, 
aboard  the  Hubble  Space  Telescope.  The  data  consist 
of  a  rapid  sequence  of  spectra  covering  the  wave- 
length range  1 345-1 375  Angstroms  with  a  spectral  res- 
olution of  10,000.  The  observations  were  originally  in- 


tended to  search  for  spectral  variations  during  flares. 
No  flares  were  detected  during  the  3.5  hr  of  monitoring. 
A  method  of  reducing  the  noise  while  combining  the 
individual  spectra  in  the  time  series  is  described  which 
resulted  in  the  elimination  of  half  of  the  noise  while  re- 
jecting only  a  small  fraction  of  the  stellar  signal.  The 
resultant  spectrum  was  of  sufficient  quality  to  allow  the 
detection  of  emission  lines  with  an  integrated  flux  of 
10(exp  -15)  ergs/sq  cm/s  or  greater.  Lines  of  C  I,  O 
I,  O  V,  CI  I,  and  Fe  XXI  were  detected,  This  is  the  first 
indisputable  detection  of  the  1354  Angstroms  Fe  XXI 
line,  formed  at  T  about  1 0(exp  7)K,  on  a  star  other  than 
the  Sun.  The  line  was  well  resolved  and  displayed  no 
significant  bulk  motions  or  profile  asymmetry. 
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We  report  the  results  of  a  volume-limited  ROSAT  Wide 
Field  Camera  (WFC)  survey  of  all  nondegenerate  stars 
within  10  pc.  Of  the  220  known  star  systems  within  10 
pc,  we  find  that  41  are  positive  detections  in  at  least 
one  of  the  two  WFC  filter  bandpasses  (S1  and  S2), 
while  we  consider  another  14  to  be  marginal  detec- 
tions. We  compute  X-ray  luminosities  for  the  WFC  de- 
tections using  Einstein  Imaging  Proportional  Counter 
(IPC)  data,  and  these  IPC  luminosities  are  discussed 
along  with  the  WFC  luminosities  throughout  the  paper 
for  purposes  of  comparison.  Extreme  ultraviolet  (EUV) 
luminosity  functions  are  computed  for  single  stars  of 
different  spectral  types  using  both  S1  and  S2 
luminosities,  and  these  luminosity  functions  are  com- 
pared with  X-ray  luminosity  functions  derived  by  pre- 
vious authors  using  IPC  data. 
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We  present  far-UV  (1200-1930  A)  observations  of  the 
prototypical  red  supergiant  star  alpha  Ori,  obtained 
with  the  Goddard  High  Resolution  Spectrograph 
(GHRS)  on  the  Hubble  Space  Telescope.  The  obser- 
vations, obtained  in  both  low-  (G140L)  and  medium- 
(G160/200M)  resolution  modes,  umamibiguously  con- 
firm that  the  UV  'continuum'  tentatively  seen  with  IUE 
is  in  fact  a  true  continuum  and  is  not  due  to  a  blend 
of  numerous  faint  emission  features  or  scattering  in- 
side the  IUE  spectrograph.  This  continuum  appears  to 
originate  in  the  chromosphere  of  the  star,  at  tempera- 
tures ranging  from  3000-5000  K,  and  we  argue  that  it 
is  not  related  to  previously  reported  putative  compan- 
ions or  to  bright  spots  on  the  stellar  disks. 
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Radiative  transfer  in  stellar  atmospheres  refers  to  the 
quantitative  treatment  of  the  flow  of  radiant  energy 
through  the  outer  layers  of  stars  and  the  interaction  of 
radiation  with  the  gas  in  these  regions.  In  addition  to 
radiant  energy,  in  certain  types  of  stars  a  small  amount 
of  energy  is  transported  through  the  atmosphere  by  the 
large-scale  motion  of  the  gas  itself;  both  forms,  of 
course,  arise  ultimately  from  thermonuclear  processes 
deep  inside  the  stars.  The  division  between  these  two 
modes  is  not  fixed,  as  radiation  can  transfer  momen- 
tum to  the  gas,  causing  outflows  known  as  stellar 
winds,  and  flow  energy  can  be  transformed  into  radi- 
ation by  shocks.  Radiation  undergoes  repeated  inter- 
actions with  the  gas,  which  collectively  determine  the 
rate  at  which  it  can  escape  from  the  atmosphere.  Be- 
cause the  rate  at  which  energy  is  produced  deepin  the 
star  is  essentially  fixed.  These  interactions  establish 
the  equilibrium  distribution  of  temperature  and  density 
in  the  atmosphere.  In  addition  to  this  constructive  role, 
radiative  transfer  also  plays  a  diagnostic  role,  for  the 
spectrum  of  the  escaping  radiation  carries  with  it  all 
that  we  can  possibly  learn  about  the  internal  physical 
conditions  of  the  atmosphere  and  the  underlying  lay- 
ers. 
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The  authors  summarize  what  has  been  inferred  about 
the  physics  of  binary  stars  through  a  variety  of  statis- 
tical signal  processing  techniques.  They  affirm  certain 
aspects  of  the  most  widely  accepted  model  for 
accreting  binary  stars,  conclude  that  clumps  of  matter 
must  accrete  at  more  than  400  per  second,  and  point 
to  aspects  of  the  observed  x-ray  intensities  that  seem 
unexplained. 
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We  present  some  preliminary  results  from  our  coordi- 
nated campaign  of  IUE  and  McMath  Telescope  mag- 
netic field  measurements  of  three  active  solar-type 
dwarf  stars:  59  Vir,  xi  Boo  A  ,  and  HD  13151 1.  We  ob- 
served the  three  stars  mearly  every  day  from  May  9 
to  May  25,  1993,  covering  between  1  and  3  rotations. 
We  explore  the  functional  and  spatial  relationship  be- 
tween magnetic  and  radiative  fluxes. 
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HST/FOS  spectra  of  young  solar-type  stars  are  provid- 
ing new  clues  to  the  early  evolution  of  subcoronal  activ- 
ity. 
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Source  confusion  makes  it  difficult  to  identify  active 
stars,  such  as  the  RS  CVn  binaries,  with  X-ray  sources 
detected  in  low  angular  resolution  surveys.  Short  (15 
minute)  VLA  radio  continuum  observations  of  can- 
didates having  appropriate  spectral  types  and  X-ray  to 
visual  flux  ratios  obtained  from  an  X-ray  selected  sam- 
ple, combined  with  other  information,  has  enabled  us 
either  to  confirm  or  rule  out  proposed  late-star  counter- 
parts for  27  out  of  32  X-ray  sources  selected  from  the 
Einstein  Slew  Survey. 
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The  authors  review  the  observational  aspects  of  mag- 
netic fields  in  dense,  star-forming  regions.  First  the  au- 
thors discuss  ways  to  observe  the  field.  Next,  they  dis- 
cuss selected  observational  results,  focusing  on  de- 
tailed discussions  of  a  small  number  of  points  rather 
than  a  generalized  discussion  that  covers  the  water- 
front. Next  the  authors  discuss  the  derivation  of  the 
complete  magnetic  vector,  including  both  the  system- 
atic and  fluctuating  component,  from  a  large  sample 
of  Zeeman  and  linear  polarization  measurements  for 
the  L204  dark  cloud.  Third,  they  discuss  the  virial  theo- 
rem as  it  applies  to  dark  clouds  in  general  and  one  dark 
cloud.  Finally  the  authors  critically  discuss  the  numer- 
ous claims  for  alignment  of  cloud  structural  features 
with  the  plane-of-the-sky  component  of  the  magnetic 
field  and  find  that  many  of  these  have  not  been  defini- 
tively established. 
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The  authors  will  show  that  the  magnetic  chemically  pe- 
culiar (CP)  stars  hotter  than  about  spectral  type  A2  dis- 
play many  of  the  phenomena  seen  in  the  most  active 
late-type  stars.  In  particular,  many  CP  stars  are  lumi- 
nous nonthermal  radio  sources  and  ROSAT  confirms 
that  many  are  also  luminous  coronal  x-ray  sources  like 
the  RS  CVn  systems.  A  wind-fed  magnetosphere 
model  has  been  proposed  to  explain  both  the 
nonthermal  radio  and  the  x-ray  emission.  In  this  model, 
the  stellar  wind  plays  the  role  of  a  mechanical  energy 
source  analogous  to  the  role  played  by  convection  in 
the  active  late-type  stars. 
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National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
High  Velocity  Plasm  in  the  Transition  Region  of  Au 
Mic:  A  Stellar  Analog  of  Solar  Explosive  Events. 
Final  rept. 

J.  L.  Linsky,  and  B.  E.  Wood.  1994,  3p. 
Contract  NASA-S-56500-D 

Sponsored  by  National  Aeronautics  and  Space  Admin- 
istration, Washington,  DC. 

Pub.  in  Cool  Stars,  Stellar  Systems,  and  the  Sun,  Cam- 
bridge Workshop  (8th),  ASP  Conference  Series,  Ath- 
ens, GA.,  October  1 993,  v64  p441  -443. 

Keywords:  'Late  stars,  'Stellar  mass  ejecta, 
'Ultraviolet  spectra,  Stellar  flares,  Line  spectra,  Emis- 
sions spectra,  Stellar  intensity  flux,  Carbon  isotopes, 
Silicon  isotopes,  High  resolution,  Reprints. 

High-resolution  GHRS  spectra  of  the  dMOe  flare  star 
AU  Mic  shows  C  IV  and  Si  IV  line  profiles  that  are  unex- 
pectedly broad  and  can  be  fit  accurately  by  two 
Gaussians  (one  narrow  and  the  other  broad),  The 
broad  Gaussian  components  of  the  AU  Mic  line  profiles 
resemble  closely  the  C  IV  profiles  observed  in  solar 
explosive  events  in  emerging  flux  regions  (EFRs).  The 
authors  therefore  propose  that  the  EFR  is  the  solar 
analog  of  the  most  active  component  of  the  transition 
region  of  this  and  presumably  other  dMe  flare  stars. 
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National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Radio  and  X-ray  Emissions  from  Chemically  Pecu- 
liar B-  and  A-Type  Stars:  Observations  and  a 
Model. 
Final  rept. 

J.  L.  Linsky.  1993,  10p. 
Contracts  NASA-W17772,  NASA-H-04630 
Sponsored  by  NASA  Scientific  and  Technical  Informa- 
tion Facility,  Baltimore,  MD. 

Pub.  in  Peculiar  versus  Normal  Phenomena  in  A-Type 
and  Related  State  P,  IAU  Colloq.  138,  Trieste,  Italy, 
July  1993,  v44p507-516. 

Keywords:  'Peculiar  stars,  *A  stars,  'Stellar  tempera- 
ture, Magnetic  stars,  Radio  stars.  Stellar  spectra, 
Radio  emission,  X  ray  emission,  Stellar  luminosity, 
Stellar  coronae,  Stellar  magnetosphere,  Reprints. 

The  author  argues  that  the  magnetic  chemically  pecu- 
liar (CP)  stars  hotter  than  about  spectral  type  A2  dis- 
play many  of  the  activity  phenomena  seen  in  the  most 
active  late-type  stars.  In  particular,  many  CP  stars  are 
luminous  nonthermal  radio  and  coronal  x-ray  sources 
like  the  RS  CVn  systems.  A  wind-fed  magnetosphere 
model  has  been  proposed  to  explain  both  the 
nonthermal  radio  and  the  x-ray  emission.  In  this  model 
the  stellar  wind  plays  the  role  of  a  mechanical  energy 
source  analogous  to  the  role  played  by  convection  in 
the  active  late-type  stars. 
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Contract  NASA-S-56560-D 

Sponsored  by  National  Aeronautics  and  Space  Admin- 
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ens, GA.,  October  1993,  v64  p59-61 . 
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Keywords:  'Red  shift,  "Stellar  spectra,  *Spectral  reso- 
lution, Stellar  chromospheres,  Stellar  coronae,  Late 
stars,  Ultraviolet  spectra,  Emission  spectra,  Transition 
probabilities,  Reprints. 

The  authors  present  moderate  resolution  GHRS  spec- 
tra of  the  stars  Procyon  (F5  IV-V),  AU  Mic  (MO  Ve), 
Beta  Gem  (KO  III),  Capella  (GO  III  +  G8  III),  alpha  TrA 
(K2  ll-lll),  and  Beta  Dra  (G2  1Mb)  to  study  the  phe- 
nomenon of  redshifted  transition  region  lines  first  ob- 
served by  IUE.  The  authors'  GHRS  data  show  redshifts 
for  all  of  these  stars  except  alpha  TrA,  but  they  find 
no  correlation  between  redshift  and  stellar  activity. 
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J.  L.  Linsky,  B.  E.  Wood,  A.  Brown,  T.  R.  Ayres,  C. 
Andrulis,  and  P.  Judge.  1994,  3p. 
Contract  NASA-S-56460-D 

Sponsored  by  National  Aeronautics  and  Space  Admin- 
istration, Washington,  DC. 

Pub.  in  Cool  Stars,  Stellar  Systems,  and  the  Sun,  Cam- 
bridge Workshop  (8th),  ASP  Conference  Series,  Ath- 
ens, GA.,  v64  p62-64  Oct  93. 

Keywords:  "Binary  stars,  'Transition  probabilities, 
'Stellar  chromospheres,  'Ultraviolet  spectra,  Emission 
spectra,  Low  resolution,  Moderate  resolution,  High  res- 
olution, Red  shift,  Electron  density,  Hubble  Space  Tel- 
escope, Reprints,  'Capella  star. 

The  authors  report  on  an  extensive  set  of  observations 
of  Capella  obtained  with  GHRS  on  HST  at  orbital 
phase  0.26.  The  data  set  consisting  of  low,  moderate, 
and  high  resolution  spectra,  allows  the  authors  to  sep- 
arate the  contributions  of  each  star  to  many  of  the 
emission  lines  and  to  measure  line  centroid  redshifts. 
The  authors  estimate  the  electron  density  in  the  transi- 
tion region  of  the  hotter  star  and  construct  an  emission 
measure  distribution. 
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PB96-1 35264       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Recalibration  for  the  Final  Archive  of  the  Inter- 
national Ultraviolet  Explorer  (IUE)  Satellite. 
Final  rept. 

J.  L.  Linsky,  and  J.  Nochols-Bohlin.  1993,  8p. 
Pub.  in  Proceedings  of  the  Workshop  on  the  Vacuum 
Ultraviolet  Calibration  of  Space  Experiments  (9th), 
Boulder,  CO.,  March  1993,  p1 97-204. 

Keywords:  *IUE,  'Ultraviolet  spectra,  'Calibration, 
'Data  storage  systems,  Flux  density,  Signal  to  noise 
ratio,  Ultraviolet  radiation,  Ultraviolet  astronomy,  Astro- 
nomical satellites,  Reprints. 

For  the  past  several  years,  the  IUE  Project  has  been 
developing  the  software  needed  to  reprocess  the  entire 
data  set  into  a  form  suitable  for  its  Final  Archive.  The 
object  of  the  Final  Archive  Project  is  to  produce  a  uni- 
form archive  of  all  spectra,  including  enhanced  signal- 
to-noise  and  corrections  for  fixed  pattern  noise  and 
scattered  light,  and  new  algorithms  for  sensitivity 
changes  with  time  and  spectrography  temperature. 
The  Final  Archive  will  use  the  new  Signal  Weighted  Ex- 
traction Technique  (Kinney,  Bohlin,  and  Neill  1991)  to 
extract  spectra  with  the  highest  feasible  signal/noise 
and  will  use  the  bet  available  absolute  flux  calibration. 
The  present  brief  report  will  summarize  the  absolute 
flux  calibration  approach  used  in  preparing  the  Final 
Archive. 
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National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Developments  in  Stellar  Coronae. 

Final  rept. 

J.  L.  Linsky.  1995,  4p. 
See  also  PB87-223798. 

Pub.  in  Transactions  of  IAU,  Theory  of  Stellar 
Atmospheres,  p414-417  Sep  95. 

Keywords:  'Stellar  coronas,  'Observation,  'Radio 
sources(Astronomy),  *X  ray  sources,  Binary  stars,  Ex- 
traterrestrial radiowaves,  X  ray  spectra,  X  rays,  Astro- 
nomical observatories,  Spaceborne  astronomy, 
ROSAT  mission,  Hubble  Space  Telescope,  Extreme 
Ultraviolet  Explorer  Satellite,  Astro  missions(STS), 
Japanese  spacecraft,  HEAO  2,  Reprints. 


The  report  summarizes  the  major  developments  (ob- 
servational and  theoretical)  in  the  study  of  stellar 
coronae  driven  in  large  part  by  the  analysis  of  the  new 
data  sets  from  ROSAT,  EUVE,  ASCA,  Yohkoh,  and 
HST,  together  with  the  continuing  analysis  of  Einstein 
data  and  radio  observations. 
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der, CO.  Quantum  Physics  Div. 
Transition  Regions  of  Capella  (1995). 

Final  rept. 

J.  L.  Linsky,  B.  E.  Wood,  P.  Judge,  T.  R.  Ayres,  A. 
Brown,  and  C.  Andrulis.  1995,  20p. 
Contract  NASA-S-56500-D 

See  also  PB96-123336.  Sponsored  by  National  Aero- 
nautics and  Space  Administration,  Washington,  DC. 
Pub.  in  Astrophysical  Jnl.,  v442  p381-400,  20  Mar  95. 

Keywords:  'Binary  stars,  'Transition  probabilities, 
'Stellar  chromospheres,  'Ultraviolet  spectra,  Emission 
spectra,  High  resolution,  Red  shift,  Electron  density, 
Hubble  Space  Telescope,  Stellar  coronas,  Normal 
density  functions,  Reprints,  'Capella  star. 

The  authors  have  used  the  Goddard  High  Resolution 
Spectrometer  (GHRS)  to  observe  the  spectroscopic  bi- 
nary system  Capella  (G8  III  +  G1  III). 


00,109 

PB96-200217       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Riass  Coronathon:  Joint  X-ray  and  Ultraviolet  Ob- 
servations of  Normal  F-K  Stars. 
Final  rept. 

T.  R.  Ayres,  T.  A.  Fleming,  A.  Brown,  R.  C. 
Dempsey,  and  J.  L.  Linsky.  1995,  32p. 
Pub.  in  Astrophysical  Jnl.  Supplement  Series,  v96 
P223-259  Jan  95. 

Keywords:  *X  ray  astronomy,  'Ultraviolet  astronomy, 
'Sky  surveys(Astronomy),  'Stellar  atmospheres,  X  ray 
stars,  Late  stars,  F  stars,  G  stars,  K  stars,  Stellar  coro- 
nas, Chromosphere,  Extreme  ultraviolet  radiation,  Ul- 
traviolet emission,  Emission  spectra,  ROSAT  mission, 
IUE,  Reprints. 

Between  1990  August  and  1991  January  the  ROSAT/ 
IUE  All  Sky  Survey  (RIASS)  coordinated  pointings  by 
the  International  Ultraviolet  Explorer  with  the  continu- 
ous X-ray/EUV  mapping  by  the  Roentgensatellit.  The 
campaign  provided  an  unprecedented  multiwavelength 
view  of  a  wide  variety  of  cosmic  sources.  We  report 
findings  for  F-K  stars,  a  large  proprtion  of  the  RIASS 
targets.  Forty-eight  of  our  91  'Coronathon'  candidates 
were  observed  by  the  IUE  during  the  campaign.  For 
stars  missed  by  the  IUE,  we  supplemented  the  ROSAT 
survey  fluxes  with  archival  UV  spectra  and/or  follow- 
on  observations.  In  addition  to  the  coordinated  work, 
we  examined  the  UV  emission  histories  of  the 
Coronathon  stars. 
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National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Accurate  Measurements  of  the  Local  Deuterium 
Abundance  from  HST  Spectra. 
Final  rept. 

J.  L.  Linsky.  1996,  4p. 
Contract  NASA-S-56460-D 

Sponsored  by  National  Aeronautics  and  Space  Admin- 
istration, Washington,  DC. 

Pub.  in  Examining  the  Big  Bang  and  Diffuse  Back- 
ground Radiations,  p529-532  1996. 

Keywords:  'Deuterium,  'Abundance,  'Ultraviolet  stars, 
Hydrogen,  Isotope  ratio,  Interstellar  matter, 
Intergalactic  media,  Line  spectra,  Absorption  spectra, 
Baryons,  H  lines,  D  lines,  Lyman  alpha  radiation,  Line 
of  sight,  Cosmology,  Galactic  evolution,  Hubble  space 
telescope,  Reprints. 

An  accurate  measurement  of  the  primordial  value  of 
D/H  would  provide  a  critical  test  of  nucleosynthesis 
models  for  the  early  universe  and  the  baryon  density. 
I  briefly  summarize  the  ongoing  HST  observations  of 
the  interstellar  H  and  D  Lyman-alpha  absorption  for 
lines  of  sight  to  nearby  stars  and  comment  on  recent 
reports  of  extragalactic  D/H  measurements. 
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National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Deuterium  and  the  Local  Interstellar  Medium:  Prop- 
erties for  the  Procyon  and  Capella  Lines  of  Sight. 

Final  rept. 

J.  L.  Linsky,  A.  Diplas,  B.  E.  Wood,  B.  D.  Savage,  A. 
Brown,  and  T.  R.  Ayres.  1995,  17p. 
Contract  NASA-S-56500-D 

See  also  PB95-202842.  Sponsored  by  National  Aero- 
nautics and  Space  Administration,  Washington,  DC. 
Pub.  in  Astrophysical  Jnl.,  v451  p335-351  Sep  95. 

Keywords:  'Deuterium,  'Ultraviolet  star,  'Line  of  sight, 
'Interstellar  matter,  Stellar  spectra,  Line  spectra,  D 
lines,  H  lines,  Hydrogen,  Stellar  composition,  Abun- 
dance, Isotope  ratio,  Lyman  alpha  radiation,  Emission 
spectra,  Absorption  spectra,  Reprints,  Pryocyon  star, 
Capella  star. 

We  present  Goddard  High-Resolution  Spectrograph 
observations  of  the  interstellar  H  I  and  D  I  Ly(alpha) 
lines  and  the  Mg  II  and  Fe  II  resonance  lines  formed 
along  the  lines  of  sight  toward  the  nearby  stars 
Procyon  (3.5  pc,  1=214  degrees,  b=13  degrees)  and 
Capella  (12.5  pc,  1=163  degrees,  b=5  degrees).  New 
observations  of  Capella  were  obtained  at  orbital  phase 
0.80,  when  the  radial  velocities  of  the  intrinsic 
Ly(alpha)  emission  lines  of  each  star  were  nearly  re- 
versed from  those  of  the  previous  observations  at 
phase  0.26  (analyzed  by  Linsky  et  al.).  For  the  analysis 
of  the  Procyon  line  of  sight  we  assumed  that  (D/H)(sub 
LISM)  =  1.6  x  10  to  the  -5th  power,  the  same  value 
as  for  the  Capella  line  of  sight,  and  we  modified  the 
broadened  solar  profile  to  achieve  agreement  between 
the  simulated  and  observed  line  profiles. 
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Final  rept. 

A.  Fahr,  P.  S.  Monks,  L.  J.  Stief,  and  A.  H.  Laufer. 
1995,  8p. 

Pub.  in  ICARUS,  v1 1 6  p41 5-422  1 995. 

Keywords:  'Gas  giant  planets,  'Planetary 
atmospheres,  'Hydrocarbons,  Atmospheric  chemistry, 
Chemical  reaction  kinetics,  Partition,  Absorption  spec- 
troscopy, Gas  chromatography,  Hydrogen  ions,  Vinyl 
radicals,  Jupiter  atmosphere,  Photolysis,  Laser  pump- 
ing, Reprints,  Rate  constants. 

The  reaction  between  C2H3  and  H2  has  been  sug- 
gested to  be  potentially  important  in  accounting  for  ob- 
servational data  on  the  abundance  of  low-molecular 
weight  hydrocarbons  in  the  atmospheres  of  the  giant 
planets.  In  the  work,  the  room  temperature  rate  con- 
stant for  the  reaction  of  the  vinyl  radical  with  molecular 
hydrogen  has  been  determined  by  employing  laser 
photolysis  coupled  to  a  kinetic-absorption 
spectroscopic  technique  and  separately  via  a  gas 
chromatographic  product  analysis  technique. 
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See  also  PB96-1 75674  through  PB96-1 75690  and 
PB96-159215.  Also  available  from  Supt.  of  Docs,  as 
SN703-027-00068-7. 
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International  Marine-Atmospheric  (222)Rn  Meas- 
urement Intercomparison  in  Bermuda.  Part  1.  NIST 
Calibration  and  Methodology  for  Standardized 
Sample  Additions. 

R.  Colle,  M.  P.  Unterweger,  P.  A.  Hodge,  and  J.  M. 
R.  Hutchinson.  1996,  19p. 

Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v101  n1  p1  -1 9  Jan/Feb 
96. 


Keywords:  'Marine  atmospheres,  "Calibration,  Envi- 
ronment, Reprints,  Intercomparison,  Measurement, 
Standards,  Radium-226,  Radon-222. 

As  part  of  an  international  222Rn  measurement 
intercomparison  conducted  at  Bermuda  in  October 
1991,  NIST  provided  standardized  sample  additions  of 
known,  but  undisclosed  ('blind')  222Rn  concentrations 
that  could  be  related  to  U.S.  national  standards.  The 
standardized  sample  additions  were  obtained  with  a 
calibrated  226Ra  source  and  a  specially-designed 
manifold  used  to  obtain  well-known  dilution  factors 
from  simultaneous  flow-rate  measurements.  The  addi- 
tions were  introduced  over  sampling  periods  of  several 
hours  (typically  4  h)  into  a  common  streamline  on  a 
sampling  tower  used  by  the  participating  laboratories 
for  their  measurements.  The  standarized  222Rn  activ- 
ity concentrations  for  the  intercomparision  ranged  from 
approximately  2.5  Bq.m-3  to  35  Bq.m-3  (of  which  the 
lower  end  of  this  range  approached  concentration  lev- 
els for  ambient  Bermudian  air)  and  had  overall  uncer- 
tainties, approximating  a  3  standard  deviation  uncer- 
tainty interval,  of  about  6%  to  13%.  This  paper  de- 
scribes the  calibration  and  methodology  for  the  stand- 
ardized sample  addition. 
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International  Marine-Atmospheric  (222)Rn  Meas- 
urement Intercomparison  in  Bermuda.  Part  2.  Re- 
sults for  the  Participating  Laboratories. 

R.  Colle,  M.  P.  Unterweger,  J.  M.  R.  Hutchinson,  B. 
Ardouin,  J.  G.  Kay,  J.  P.  Friend,  B.  W.  Blomquist,  W. 
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vironmental Measurements  Lab. 
Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v101  n1  p21-46  Jan/ 
Feb  96. 
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Reprints,  Intercomparison,  Measurement,  Radon-222. 

As  part  of  an  international  222Rn  measurement 
intercomparison  of  instruments  used  to  measure  at- 
mospheric 222Rn,  four  participating  laboratories  made 
nearly  simultaneous  measurements  of  22Rn  activity 
concentration  in  commonly  sampled,  ambient  air  over 
approximately  a  2  week  period,  and  three  of  these  four 
laboratories  participated  in  the  measurement  compari- 
son of  14  introduced  samples  with  known,  but  undis- 
closed ('blind')  222Rn  activity  concentration.  The  exer- 
cise was  conducted  in  Bermuda  in  October  1 991 . 
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Comparison  of  Meteor  Activity  with  Occurrence  of 
Sporadic  E  Reflections. 

V.  C.  Pineo.  14  Jul  50,  2p. 

Pub.  in  Science,  v1 1 2  n2898  p50-51 ,  1 4  Jul  50. 

Keywords:  "Meteors,  "Ionization  trails,  "Meteor  burst 
communications,  Ionosphere,  Reprints,  Electro- 
magnetic wave  reflections,  E  region,  Sporadic  e  layer. 

In  a  previous  paper,  the  writer  presented  evidence  to 
show  that  the  character  of  the  echo  obtained  from  a 
trail  of  ionization  produced  by  a  meteor  is  different  in 
character  from  the  echoes  frequently  obtained  on 
ionosphere  recorders  and  described  as  sporadic  E  re- 
flections. Since  the  presentation  of  that  paper  a  statis- 
tical study  has  been  carried  out  on  the  frequency  of 
reflections  obtained  with  the  meteor  equipment  in  oper- 
ation by  the  Central  Radio  Propagation  Laboratory  of 
the  National  Bureau  of  Standards,  and  the  frequency 
of  occurrence  of  sporadic  E  reflections  observed  over 
the  same  hiterval  with  the  automatic  multifrequency 
ionosphere  recorder  operated  by  the  laboratory.  By 
sporadic  E,  also  sometimes  called  abnormal  E,  is 
meant  what  Lovell  referred  to  as  long  duration  abnor- 
malities in  the  E  region  as  distinguished  from  what  Ap- 
pleton  and  Naismith  referred  to  as  ionization  bursts.  In 
the  scaling  of  sporadic  E  data  from  the  vertical  inci- 
dence ionosphere  records,  extreme  eare  was  taken  to 
see  that  only  reflections  of  the  sporadic  E  type  were 
scaled.  (MM). 
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Free  Radical  Chemistry  of  the  Atmospheric  Aque- 
ous Phase. 

Final  rept. 

R.  E.  Huie.  1995,  46p. 
See  also  PB90-218207. 

Pub.  in  Free  Radical  Chemistry  of  the  Atmospheric 
Aqueous  Phase,  Chapter  10,  p374-419  1995. 

Keywords:  "Atomspheric  chemistry,  "Free  radicals, 
Electron  transfer,  Ionizing  radiation,  Aerosols,  Fog, 
Clouds(Meteorology),  Chemical  reactions,  Reprints, 
"Aqueous  phase.  Gas  phase. 

The  chemical  environment  of  the  atmospheric  aqueous 
phase:  clouds,  fogs,  aerosols,  and  raindrops,  has  a 
rich  chemistry  strongly  dependent  upon  the  surround- 
ing gas  phase.  For  many  atmospheric  species,  this  en- 
vironment is  quite  different  than  the  gas  phase;  in 
water,  they  may  hydrate,  protonate,  deprotonate,  or 
dissociate.  Most  important,  the  aqueous  phase  opens 
up  the  possibility  of  an  entirely  new  class  of  chemical 
reaction:  electron  transfer.  In  this  review,  the  author  will 
discuss  the  aqueous-phase  chemistry  of  a  number  of 
free  radicals  of  possible  importance  to  the  aqueous 
phase  of  the  atmosphere. 
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Atmospheric  Lifetimes  of  HFC-143a  and  HFC- 
245fa:  Flash  Photolysis  Resonance  Fluorescence 
Measurements  of  the  OH  Reaction  Rate  Constants. 

Final  rept. 

V.  L.  Orkin,  R.  E.  Huie,  and  M.  J.  Kurylo.  1996,  6p. 
Pub.  in  Jnl.  of  Physical  Chemistry,  v100  p8907-8912 
1996. 

Keywords:  "Atmospheric  chemistry,  'Chemical  reac- 
tion kinetics,  "Hydroxyl  radicals,  "Hydrofluorocarbons, 
Photolysis,  Fluorescence,  Temperature,  Arrhenius 
equation,  Error  analysis,  Constants,  Reprints. 

Rate  constants  for  the  reactions  of  hydroxyl  radicals 
with  Ch3CF3  (HFC-143a)  and  CHF2CH2CF3  (HFC- 
245fa)  have  been  measured  using  the  flash  photolysis 
resonance  fluorescence  technique  over  the  tempera- 
ture range  273-370  K.  A  data  analysis  procedure  is 
presented  which  should  minimize  rate  constant  errors 
introduced  by  the  possible  effects  of  radical  diffusion. 
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Computational  Model  for  the  Rise  and  Dispersion 
of  Wind-Blown,  Buoyancy-Driven  Plumes.  Part  2. 
Linearly  Stratified  Atmosphere. 

Final  rept. 

X.  Zhang,  and  A.  F.  Ghoniem.  Dec  93,  49p,  NIST- 

GCR-93-637. 

Contract  60NANB0D1036 

Sponsored  by  National  Inst,  of  Standards  and  Tech- 
nology (BFRL),  Gaithersburg,  MD. 

Keywords:  "Wind  direction,  'Dispersions,  'Plumes, 
'Buoyancy,  Mathematical  models,  Atmospheric  com- 
position, Stratification,  Dynamics,  Atmospheric  den- 
sity, Vorticity,  Height,  Lagrangian  functions,  Baroclinic 
vorticity. 

A  multi-dimensional  computational  model  of  wind- 
blown, buoyancy-driven  flows  is  applied  to  study  the 
effect  of  atmospheric  stratification  on  the  rise  and  dis- 
persion of  plumes.  The  model  utilizes  Lagrangian 
transport  elements,  distributed  in  the  plane  of  the 
plume  cross  section  normal  to  the  wind  direction,  to 
capture  the  evolution  of  the  vorticity  and  density  field, 
and  another  set  of  elements  to  model  the  dynamics  in 
the  atmosphere  surrounding  the  plume.  Solutions  are 
obtained  for  a  case  in  which  atmospheric  density 
changes  linearly  with  height.  Computational  results 
show  that,  similar  to  the  case  of  a  neutrally  stratified 
atmosphere,  the  plume  acquires  a  kidney-shaped 
cross  section  which  persists  for  a  long  distance  down- 
stream the  source  and  may  bifurcate  into  separate  and 
distinct  lumps. 
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J.  L.  Gross,  N.  A.  Heckert,  J.  A.  Lechner,  and  E. 
Simiu.  Apr  95,  20p,  NISTIR-5531. 

Keywords:  'Wind  velocity,  "Estimating, 
Functions(Mathematics),  Mathematical  models. 

We  describe  work  aimed  at  improving  procedures  for 
the  estimation  of  non-tornadic  extreme  wind  speeds, 
regardless  of  their  direction,  in  regions  not  subjected 
to  hurricanes.  Using  the  Generalized  Pareto  Distribu- 
tion (GPD)  approach  and  the  Conditional  Mean 
Exceedance  (CME)  estimation  method,  we  analyze 
115  17-year  to  52-year  sets  of  largest  annual  speeds 
and  sets  drawn  from  48  15-year  to  26-year  records  of 
maximum  daily  wind  speeds.  Based  on  this  analysis 
we  attempt  an  assessment  of  the  widely  held  belief  that 
the  Gumbel  distribution  with  site-dependent  location 
and  scale  parameters  is  a  universal  model  of  extreme 
wind  speeds.  Some  of  our  results  suggest  that  the  re- 
verse Weibull  distribution  is  a  more  appropriate  model. 
This  would  result  in  more  reasonable  estimates  of 
wind-induced  failure  probabilities  and  wind  load  factors 
than  the  corresponding  estimates  based  on  the 
Gumbel  distribution.  However,  our  assessment  is  so 
far  only  tentative  owing  to  uncertainties  inherent  in  our 
results.  Future  work  based  on  lower  thresholds  (larger 
data  samples)  and  alternative  estimation  methods  is 
planned. 
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Research  paper. 

A.  Wexler.  Jul  49,  8p,  RP2003. 

Pub.  in  Jnl.  of  Research  of  the  National  Bureau  of 

Standards,  v43  p49-56,  Jul  49. 

Keywords:  'Radiosondes,  'Hygrometers,  Reprints, 
Low  temperature,  Electric  power,  Calibration, 
Range(Extremes),  Humidity,  Atmospheric  sounding. 

The  performance  of  radiosonde  electric  hygrometer 
elements  was  investigated  in  the  temperature  range 
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from  0  to  400  C.  It  was  found  that  an  element  indicated 
relative  humidity  with  an  average  deviation  of  +  2.4- 
percent  relative  humidity  from  the  average  calibration 
for  all  of  the  elements  tested.  The  maximum  deviation 
in  indication  of  any  element  did  not  exceed  10.5-per- 
cent relative  humidity.  The  lag  in  response  was  found 
to  increase  markedly  with  decrease  in  temperature,  to 
depend  upon  the  magnitude  and  direction  of  relative 
humidity  change,  and  the  relative  humidity  from  which 
the  change  was  made. 
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Symposium. 
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J.  E.  Penner,  and  G.  W.  Mulholland.  1991,  2p. 

Pub.  in  Atmospheric  Environment  A  25,  n11  p2433- 
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Keywords:  "Meetings,  'Aerosols,  "Climatic  changes, 
"Global  aspects,  "Air  pollution,  Nuclear  war,  Global 
warming,  Ozone  depletion,  Reprints,  "American  Asso- 
ciation of  Aerosol  Research. 

The  American  Association  of  Aerosol  Symposium  on 
global  climatic  effects  of  aerosols  included  papers  on 
the  aerosol-related  phenomena  for  the  following  three 
topics:  Climatic  Effect  of  Nuclear  War;  Global  Warm- 
ing; and  The  Ozone  Hole.  This  introduction  to  the  sym- 
posium volume  highlights  key  findings  presented  at  the 
meeting. 
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A.  Wexler,  and  W.  G.  Brombacher.  28  Sep  51,  22p, 
NBS-512. 

Keywords:  "Humidity,  "Hygrometers,  "Measuring  in- 
struments, Water,  Test  and  evaluation,  Gases, 
Atmospheres,  Calibration,  Dew  point,  Mechanical 
properties,  Electrical  properties,  Gravimetry,  Thermal 
conductivity,  Pressure,  Volume,  Dielectrics, 
Psychrometers,  Meteorology,  Earth  sciences,  Climate, 
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No  abstract  available. 
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G.  W.  Mulholland,  and  N.  P.  Bryner.  1994,  15p. 
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Keywords:  "Nephelometers,  "Aerosols,  "Light  scatter- 
ing, "Radiometric  correction,  "Atmospheric  scattering, 
Aerosol  generators,  Microspheres,  Polystyrene,  Ab- 
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A  radiometric  model  has  been  developed  to  assess  the 
effects  of  angular  truncation,  finite  size  of  the  detector, 
and  angle  response  characteristics  of  the  cosine  sen- 
sor on  the  measurement  of  the  total  scattering  coeffi- 
cient by  a  transmission  cell-reciprocal  nephelometer. 
These  effects  are  computed  for  monodisperse  poly- 
styrene spheres  over  the  size  range  0.02-8  microm- 
eters based  on  Mie  theory  and  for  smoke  agglomer- 
ates ranging  from  10  to  10(exp  7)  primary  units  based 
on  the  Fisher-Burford  approximation.  The  accuracy  of 
the  model  calculations  is  determined  by  comparison 
with  exact  solutions  for  the  case  of  a  detector  with  an 
infinitesimal  area  and  for  a  finite  area  detector  with  a 
diffuse  scattering  function.  The  predicted  results  are 
compared  with  measured  results  for  six  different  sizes 
of  monodisperse  polystyrene  sphere  aerosols  with  par- 
ticle diameters  in  the  range  0.1-2.35  micrometers.  The 


measurements  were  carried  out  as  a  function  of  the 
distance  between  the  laser  beam  and  detector  for  1.3 
and  2.7  cm  diameter  cosine  sensors.  A  table  of  design 
parameters  for  making  accurate  total  scattering  meas- 
urements is  obtained  for  both  spheres  and  agglomer- 
ates. An  accuracy  of  +  or  -  5%  was  obtained  for  spheri- 
cal particles  with  diameters  less  than  or  equal  to  1.1 
micrometers  with  our  TCRN,  and  we  estimate  that 
similar  performance  would  be  obtained  for  smoke  ag- 
glomerates with  up  to  3  x  10(exp  3)  primary  spheres 
per  agglomerate. 
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Keywords:  "Spectroradiometers,  "Ultraviolet 
spectroradiometers,  Radiometers,  Linearity, 
Responsivity,  Slit-scatter,  Stray-light,  Wavelength. 

Two  ultraviolet  spectroradiometers  manufactured  by 
Research  Support  Instruments,  Inc.,  and  the  Atmos- 
pheric Science  Research  Center  for  the  U.S.  Depart- 
ment of  Agriculture  monitoring  network  were  character- 
ized. From  measurements  of  the  linearity  of  the  instru- 
ments, the  dead  time  of  the  photon  counting  system 
was  approximately  12  ns.  From  spectral  scans  of  the 
emission  lines  of  a  Hg  lamp,  the  wavelength  precision 
of  the  instrument  of  0.02  nm,  while  the  accuracy  is  0.04 
nm.  Spectral  scans  of  the  325  nm  line  of  a  HeCd  laser 
showed  that  the  bandwidth  of  the  instruments  is  0.3 
nm  and  that  the  monochromators  have  a  stray  light  re- 
jection of  10  to  the  minus  8  power.  The  spectral  irradi- 
ance  responsivity,  determined  with  FEL-type  irradi- 
ance  standards  lamps,  changes  both  with  movement 
of  the  instruments  and  with  time. 
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Thermodynamic  and  spectroscopic  data  have  been 
evaluated  for  several  chlorine-oxygen  gas  phase  spe- 
cies of  interest  in  the  study  of  ozone  depletion  models. 
The  evaluated  data  have  been  used  to  compute 
JANAF  Thermochemical  Tables  for  these  species.  The 
data  will  be  discussed  and  applied  to  several  proposed 
models  for  ozone  depletion.  The  recent  catalytic  cycle 
involving  ozone  loss  by  CIO  and  CI202  in  the  Antarctic 
stratosphere  is  discussed. 
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Keywords:  'Wind  velocity,  "Extreme  value  problems, 
Wind  effects,  Wind  pressure,  Wind  loads,  Dynamic 
Loads,  Winds,  Structural  engineering,  Statistical  analy- 
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The  authors  seek  to  ascertain  whether  the  reverse 
Weibull  distribution  is  an  appropriate  extreme  wind 


speed  model  by  performing  statistical  analyses  based 
on  the  'peaks  over  threshold'  approach.  The  data  are 
taken  principally  from  records  of  the  largest  daily  wind 
speeds  obtained  over  periods  of  15  to  26  years  at  44 
U.S.  weather  stations  in  areas  not  subjected  to  mature 
hurricane  winds.  From  these  records  the  authors  cre- 
ate samples  with  reduced  mutual  correlation  among 
the  data.  In  our  opinion,  the  analyses  provide  persua- 
sive evidence  that  extreme  wind  speeds'  are  described 
predominantly  by  reverse  Weibull  distributions,  which 
unlike  the  Gumbel  distribution  have  finite  upper  tail  and 
lead  to  reasonable  estimates  of  wind  load  factors.  In- 
structions are  provided  for  accessing  the  data  and  at- 
tendant programs. 
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National  Inst,  of  Standards  and  Technology  (CSL), 
Gaithersburg,  MD. 

Countries,  Dependencies,  Areas  of  Special  Sov- 
ereignty, and  Their  Principal  Administrative  Divi- 
sions. Category:  Data  Standards  and  Guidelines; 
Subcategory:  Representation  and  Codes. 

6  May  93,  56p. 
Supersedes  FIPS  PUB  10-3. 

Keywords:  "Geocoding,  "Geography,  "Classification, 
"Foreign  countries,  Territories,  Data  processing,  Data 
elements,  Data  codes,  Administrative  divisions,  De- 
pendencies, Provinces,  Data  standards  and  guide- 
lines, Representation  and  codes,  Federal  Information 
Processing  Standards. 

This  Standard  provides  a  list  of  the  basic  geopolitical 
entities  in  the  world,  together  with  the  principal  divi- 
sions that  comprise  each  entity.  Each  basic  geo- 
political entity  that  was  listed  in  FIPS  PUB  1 0-3,  Coun- 
tries, Dependencies,  and  Areas  of  Special  Sov- 
ereignty, as  updated,  is  included;  it  is  represented  by 
the  same  two-character  alphabetic,  country  code. 
Each  principal  administrative  division  is  identified  by  a 
four-character  code  consisting  of  the  two-character 
country  code  followed  by  a  two-character  administra- 
tive division  code. 
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Codes  for  Named  Populated  Places,  Primary  Coun- 
ty Divisions,  and  Other  Locational  Entities  of  the 
United  States  (FIPS  PUB  55-3)  (on  Magnetic  Tape). 

Data  file. 

Nov  94,  mag  tapes. 

This  product  contains  text  only.  Customers  must  pro- 
vide their  own  search  and  retrieval  software.  Also  avail- 
able in  paper  copy,  order  as  FIPS  PUB  55-3-DC.  Su- 
persedes PB87-1 42436. 

Available  in  9-track,  ASCII  character  set  tape,  1600 
bpi,  6250  bpi,  or  3480  cartridge.  Documentation  in- 
cluded; may  be  ordered  separately  as  FIPS  PUB  55- 

3. 

Keywords:  "Data  file,  "Communities,  "Counties, 
"Federal  information  processing  standards,  United 
States,  Coding,  Urban  areas,  Villages,  Census  tracts, 
Reservations,  Airports,  Military  facilities,  National 
parks,  Postal  service.  Geographic  areas.  Magnetic 
tapes. 

This  guideline  implements  ANS  X3.  47-1993,  Informa- 
tion Systems-Codes,  Structure  and  Data  Require- 
ments for  the  Identification  of  Named  Populated 
Places,  Primary  County  Divisions,  and  Other  Loca- 
tional Entities  of  the  United  States  and  its  Outlying  and 
Associated  Areas  for  Information  Interchange,  as  am- 
plified herein,  as  a  Federal  Information  Processing 
Standard  (FIPS).  This  publication,  which  supersedes 
FIPS  PUB  55-2  and  55DC-4,  provides  a  2-character 
FIPS  State  code  and  a  5-character  FIPS  numeric  code 
to  uniquely  identify  each  entity  contained  in  a  list  of 
names  of  incorporated  places,  other  communities  and 
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settlements,  primary  county  divisions  (such  as  town- 
ships. New  England  towns,  and  census  county  divi- 
sions), American  Indian  and  Alaska  Native  areas,  air- 
ports, military  bases,  national  parks,  post  offices,  and 
other  locational  entities  (except  natural  or  physical  fea- 
tures). A  2-character  class  code  distinguishes  the  dif- 
ferent types  of  geographic  entities.  The  purpose  of  the 
codes  is  to  promote  the  interchange  of  formatted,  ma- 
chine-sensible data. 
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sions (for  Microcomputers). 

Data  file. 

Sep  95,  1  diskette. 

This  product  contains  text  only.  Customers  must  pro- 
vide their  own  search  and  retrieval  software. 
WordPerfect  5.1  can  be  used  but  is  not  contained  on 
diskette.  Supersedes  PB87-222859. 
The  datafile  is  on  one  3  1/2  inch  DOS  diskette,  1.44M 
high  density.  File  format:  ASCII  text.  Also  available  as 
paper  copy,  order  number  FIPSPUB  10-4. 

Keywords:  "Data  file,  "Geocoding,  "Geography, 
"Classification,  "Foreign  countries,  Territories,  Data 
processing,  Diskettes,  Data  elements,  Data  codes,  Ad- 
ministrative divisions,  Dependencies,  Provinces,  Data 
standards  and  guidelines,  Representation  and  codes. 
Federal  Information  Processing  Standards. 

This  standard  provides  a  list  of  the  basic  geopolitical 
entities  in  the  world,  together  with  the  principal  divi- 
sions that  comprise  each  entity.  Each  basic  geo- 
political entity  that  was  listed  in  FIPS  PUB  10-3  Coun- 
tries, Dependencies,  and  Areas  of  Special  Sov- 
ereignty', as  updated,  is  included;  it  is  represented  by 
the  same  two-character  alphabetic,  'country  code.' 
Each  principal  administrative  division  is  identified  by  a 
four-character  code  consisting  of  the  Two-character 
'country  code'  followed  by  a  two-character  'administra- 
tive division  code.'  This  Standard  supersedes  FIPS  10- 
3  in  its  entirety. 
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Task  Force  Committee  on  Applications  and  Tech- 
nology. 

Sep  94,  160p,  NIST-S-PUB-868. 
Available  from  ERIC  Document  Reproduction  Service 
(Computer  Microfilm  International  Corporation),  3900 
Wheeler  Ave.,  Alexandria,  VA  22304-51 10. 

Keywords:  "Computer  mediated  communication, 
"Policy  formation,  "Public  policy,  "Technological  ad- 
vancement, Access  to  information,  Computer  net- 
works, Copyrights,  Criminology,  Disabilities,  Emer- 
gency programs,  Government  role,  Humanities,  Phys- 
ical environment,  Social  change,  Standards,  Traffic 
safety,  Transportation,  "National  Information  Infra- 
structure, Electronic  Libraries,  Internet, 
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Intended  for  public  comment  and  discussion,  this  docu- 
ment is  the  second  volume  of  papers  in  which  the  Infor- 
mation Infrastructure  Task  Force  has  attempted  to  ar- 
ticulate in  clear  terms,  with  sufficient  detail,  how  im- 
provements in  the  National  Information  Infrastructure 
(Nil)  can  help  meet  other  social  goals.  These  are  not 
plans  to  be  enacted,  but  the  material  with  which  the 
citizens  and  their  government  may  have  a  structured 
conversation,  a  purposeful  interaction,  and  deliberation 
on  the  issues  raised  in  the  evolution  of  more  capable 
means  of  information  processing  and  human  commu- 
nications. Eight  papers  are  presented  in  this  volume: 
(1)  Nil:  An  Investment  in  People  with  Disabilities;  (2) 
Supply  and  Demand  of  Electric  Power  and  the  Nil;  (3) 
Improving  Transportation:  The  Nil  and  Intelligent 
Transportation  Systems;  (4)  Promoting 
Telecommuting:  An  Application  of  the  Nil;  (5)  The  Ef- 
fect of  Nil  on  Local,  State,  and  Federal  Emergency 
Management;  (6)  Public  Empowerment  with  Environ- 


mental Information;  (7)  Arts,  Humanities,  and  Culture 
on  the  Nil;  and  (8)  Public  Safety  and  the  Nil:  Support- 
ing Law  Enforcement  and  Criminal  Justice.  Six  of  the 
papers  include  references.  (BBM). 
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Workforce  data  show  that  the  U.S.  is  shifting  from  blue- 
collar  production  to  technical-professional  service  as 
the  basis  of  its  post-industrial  economy.  The  lesson  of 
increased  effectiveness  with  increased  capital  per  per- 
son has  not  been  lost  on  U.S.  service  industries  which 
have  for  the  last  decade  lead  the  U.S.  economy  in  cap- 
ital spending.  In  contrast,  what  may  be  the  most  impor- 
tant service  industry  -  basic  public  education  -  has 
undergone  a  steep  fifteen-year-long  decline  in  its 
growth  in  capital  investment  per  student.  This  suggests 
that  means  to  focus  on  capital  spending  in  basic  edu- 
cation, such  as  instituting  capital-equipment  budgets, 
are  in  order. 
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User  Profile  for  Researchers  Studying  Objects:  Im- 
plications for  Computer  Systems. 

J.  Moline.  Apr  94,  25p,  NISTIR-5415. 
See  also  PB-235  952. 

Keywords:  "Humanities,  "Information  processing, 
"User  needs,  Artifacts,  Computers,  Information  sys- 
tems, Data  acquisition,  Requirements,  Research 
projects,  Imaging,  Data  base  management,  Computer 
communications,  Documents,  Information  retrieval, 
Guidelines,  Numismatics. 

A  group  of  twenty-five  researchers  who  study  objects 
was  observed  over  a  four  year  period.  A  variety  of 
methods  of  data  collection  was  used:  observation, 
interview,  questionnaires,  and  analysis  of  published 
materials.  This  report  identifies  the  features  needed  in 
computer  systems  to  facilitate  the  research  of  those 
who  study  objects.  The  researchers  need  to  link  ob- 
jects with  text,  work  with  a  variety  of  data  types,  and 
collaborate  with  colleagues  over  a  computer  network. 
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Establised  in  the  Spring  of  1984,  the  Montgomery  Edu- 
cation Connection  (MEC)  is  a  non-profit  public-private 
partnership  formed  specifically  to  link  Montegomery 
County  Public  Schools  and  the  county's  employers. 
The  mission  is  simply  to  share  private  sector  resources 
to  improve  the  education  of  our  children  and  future  em- 
ployees. The  objectives  of  the  organization  are  to  iden- 
tify the  school  system  needs,  to  identify  community  re- 
sources to  meet  those  needs,  and  to  identify  business 
needs  to  which  the  school  system  can  respond.  The 
Resource  Educational  Awareness  partnership  (REAP) 
is  the  NIST  in-house  program  that  works  with  the  MEC. 
The  goal  is  to  share  NIST  resources  through  present- 
ers who  visit  the  schools,  through  science  kits  and  ma- 
terials to  loan,  and  through  lab  visits  and  special  activi- 
ties. 


00,135 

PB96-1 60874       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD.  Systems  and  Software  Technology 

Div. 
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This  paper  presents  a  multi-layered  case  representa- 
tion for  addressing  the  problem  of  comparing  and  in- 
dexing cases  in  a  case-based  reasoning  system  using 
both  the  facts  and  the  underlying  themes  associated 
with  those  cases.  In  many  domains,  experts  discuss 
problems  in  terms  of  multiple  layers  of  abstract  prin- 
ciples, classifying  problems  by  conflicts,  strategies,  or 
themes  important  to  the  domain.  Representing  the 
case  as  a  single  flat  frame  does  not  support  reasoning 
about  the  underlying  themes  in  the  case  because  it 
does  not  represent  interconnections  among  the  facts 
and  themes  of  the  case.  Instead,  a  case-based  rea- 
soner  should  use  a  multi-layered  representation  includ- 
ing both  these  facts  and  interconnections. This  rep- 
resentation has  implications  for  much  of  the  case- 
based  reasoning  process  including  case  comparison, 
selection  and  retrieval  mechanisms.  The  paper  will  de- 
scribe the  CHASER  case-based  reasoning  system 
which  uses  a  multi-layered  case  representation  ap- 
proach to  reason  about  tort  law  cases. 
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Institute. 

The  American  National  Standards  Institute  (ANSI),  all 
major  standards  developers  in  the  United  States,  the 
National  Institute  of  Standards  and  Technology  (NIST), 
and  the  International  Organization  for  Standardization 
(ISO)  have  each  defined  procedures  for  developing 
consensus.  Although  these  procedures  are  generally 
applied  to  the  development  of  product  and  process 
standards  to  ensure  quality,  safety,  health,  and/or  envi- 
ronmental integrity,  they  may  provide  a  useful  model 
for  evaluating  the  effectiveness  of  procedures  and 
standards  developed  in  the  field  of  education.  The  gen- 
eral consensus  process  is  described  with  particular 
focus  on  relevance  for  developing  standards  for  edu- 
cation. 
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methods,  Computer  programs,  Computer  graphics, 
Military  training,  Interoperability,  Interactive  systems, 
Man  computer  interface,  Reprints. 

Millions  of  dollars  are  invested  in  the  development  of 
interactive  courseware  training  to  be  delivered  by 
microcomputer-based  training  systems,  often  with 
interactive  video  included.  Significant  development 
and  delivery  costs  can  be  avoided  if  new  interactive 
courseware  materials  can  be  made  to  operate  on  mul- 
tiple delivery  platforms.  A  standard  that  uses  a  virtual 
device  interface  is  a  flexible  approach  to  interactive 
courseware  portability.  The  US  Department  of  Defense 
is  adopting  this  standard  as  a  requirement  for  future 
purchases  of  interactive  courseware  by  the  uniformed 
services.  The  interface  is  also  under  study  by  the  US 
National  Institute  for  Standards  and  Technology  as  a 
potential  component  of  a  general  multimedia 
courseware  architecture. 
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The  porcelain  component  of  a  porcelain-fused-to-metal 
restoration  is  strengthened  by  residual  (tempering) 
stresses  which  are  induced  by  cooling  procedures  fol- 
lowed in  dental  laboratories.  The  thermophysical  prop- 
erties of  materials  and  cooling  rate  are  the  main  factors 
which  determine  the  residual  stress.  In  this  paper,  the 
temperatures  in  the  midplane  of  body-porcelain  disks 
were  measured  from  a  heat-soak  temperature  (1000 
C)  to  room  temperature  during  two  different  cooling 
procedures:  slow  cooling  in  air  and  forced-air  cooling. 
Experimental  results  approximated  exponential  cooling 
wherein  the  cooling  rates  could  be  represented  by  a 
linear  equation  of  temperature.  Residual  stresses,  as 
affected  by  the  tempering  method  and  thickness  of  a 
porcelain  disk,  were  calculated  by  computer  simulation 
for  regions  away  from  the  edges.  The  cooling  rate  de- 
pendencies of  the  glass  transition  temperature  and  the 
temperature  distribution  during  cooling  were  also  in- 
cluded. The  cooling  rates  used  in  this  simulation  were 
derived  from  the  tempering  data. 
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Adsorption  of  low-molecular-weight  sodium 
polyacrylate  from  aqueous  solution  onto  synthetic 
hydroxyapatite  was  studied  at  room  temperature  so 


that  the  mechanism  of  adhesion  of  polyacrylate  ce- 
ments to  tooth  mineral  could  be  elucidated.  The  ad- 
sorption isotherm  of  sodium  polyacrylate  was 
Langmuirian  in  shape  and  was  thus  qualitatively  dif- 
ferent from  that  of  polyacrylic  acid  (Misra,  1 991 ),  which 
exhibited  an  adsorption  maximum.  The  self-associa- 
tion of  the  molecules  that  probably  causes  the  maxi- 
mum to  occur  with  polyacrylic  acid  was  effectively  ab- 
sent for  the  relatively  well-ionized,  electrostatically  re- 
pelling polyacrylate  ions  of  the  salt.  With  the  adsorption 
of  acrylate  ions,  the  concentration  of  phosphate  ions 
increased  monotonically,  while  the  concentration  of 
calcium  ions  showed  a  minimum.  The  adsorption  of  so- 
dium polycrylate  was  irreversible,  as  it  was  for  poly- 
acrylic acid. 
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Adhesion  to  hydroxyapatite  (which  is  the  structural  pro- 
totype of  bone  or  tooth  mineral)  is  a  first  step  towards 
the  efficacious  application  of  restorative  composites 
and  bone  cements  to  teeth  and  bones.  The  key  me- 
dium to  effect  chemical  adhesion  between  the  mineral- 
ized substrate  and  a  composite  resin  is  a  coupling 
agent.  On  the  basis  of  many  adsorption  studies,  pri- 
marily by  the  author,  which  are  reviewed  in  this  paper, 
it  is  proposed  that  a  potential  coupling  agent  suitable 
for  dental  adhesion  can  develop  strong  and  durable 
bonds  with  a  substrate  through  its  hydrogen-bonding 
functional  groups.  The  coupling  agents  must  also  be 
polyfunctional  or  possess  some  hydrophobic  moieties 
to  be  hydrolytically  stable.  The  criterion  defining  the  ca- 
pability for  adhesion  of  a  compound  to  hydroxyapatite 
is  determined  through  a  study  of  its  adsorption  charac- 
teristics from  a  particular  solvent.  The  stability  of  this 
bond  in  aqueous  environments  may  be  determined  by 
desorbing  the  adsorbed  compound  with  water.  The 
surface  orientation  of  a  coupling  agent  and  whether  it 
is  reversibly  or  irreversibly  adsorbed  from  a  solvent  pri- 
marily depend  on  the  balance  between  the  type,  loca- 
tion, and  number  of  hydrophilic  and  hydrophobic 
moieties  in  the  agent  molecule.  In  the  case  of  water- 
soluble  ionic  compounds  as  coupling  agents,  the  up- 
take of  the  compounds  will  also  be  influenced  by  the 
concentrations  of  calcium,  phosphate,  and  hydrogen 
ions  in  the  solution. 
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The  study  examined  the  effect  of  three  additives, 
amine,  peroxide  and  stabilizer,  in  two  concentrations 
in  a  metal  primer  on  the  adhesion  between  a  cast  metal 
alloy  and  a  resin  composite  using  a  23  factorial  statis- 
tical design.  The  additives,  benzoylperoxide  (BPO) 
used  at  1%  or  2%  w/w  and  N,N-dimethyl-p-toluidine 
(DMPT)  at  0.5%  or  1.8%  w/w,  are  polymerization 
initiators.  The  third  additive,  butylated  hydroxytoluene 
(BHT)  at  0.01%  or  0.03%  w/w,  is  used  as  a  stabilizer. 
BPO  and  BHT  were  dissolved  in  an  acetone  solution 
containing  20%  of  the  adhesive  resin  pyromellitic 


glyceroldimethacrylate  (PMGDM).  DMPT  was  in  a  sep- 
arate acetone  solution.  Bonding  resin  and  composite 
were  applied  over  the  primer  and  stored  overnight  in 
water.  Bond  strengths  were  determined  by  shearing 
the  composite  from  the  metal  at  a  cross  head  speed 
of  0.5  mm/min. 
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Dental  therapy  includes  the  replacement  of  hard  and 
soft  oral  tissues  lost  through  disease  using  inert  mate- 
rials that  may  be  metallic,  ceramic,  or  organic,  or  com- 
posites employing  combinations  of  these  three  class- 
es. The  operative  restorations  and  prostheses  are 
made  of  amalgam,  precious  and  nonprecious  alloys, 
special  cements,  synthetic  polymers,  porcelain,  and 
glass-ceramics.  All  must  withstand  the  rigors  of  the  oral 
environment.  The  accessory  materials  needed  in  the 
fabrication  procedures  include  synthetic  polymers, 
synthetic  and  natural  gums  and  waxes,  hydrocolloids, 
gypsums,  and  refractories.  The  total  value  of  dental 
supplies  and  equipment  manufactured  in  the  United 
States  in  1 992  is  estimated  at  about  $1 .2  billion.  These 
materials  are  used  by  about  170,000  practicing  den- 
tists (1992)  and  >8,500  commercial  dental  laboratories 
employing  about  40-50,000  technicians.  The  dental 
materials  market  is  limited  because  the  public  does  not 
buy  directly  except  for  toothpastes,  mouthwashes, 
tooth  brushes,  denture  aids,  etc. 
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High  strength  dental  alloys  are  usually  strengthened  by 
phase  transformations  which  affect  their  coefficients  of 
thermal  expansion.  These  transformations  can  affect 
the  stresses  developed  in  porcelain-fused-to-metal 
(PFM)  restorations.  In  order  to  aid  the  understanding 
of  these  effects,  we  conducted  computer  simulations 
of  stresses  developed  in  a  PFM  strip.  Pd  alloys  were 
chosen  as  Pd-based  alloys  form  the  basis  for  some 
major  alternatives  to  high  cost  gold  alloys,  yet  can 
maintain  many  of  the  desirable  characteristics.  The  Pd- 
Cu  alloy  system  which  has  a  super  lattice  at  40.3  atom- 
ic %  Cu  displays  a  typical  first-order  transformation 
feature.  The  transient  stresses  in  the  porcelains  and 
alloy  thermal  contraction  and  curvature  of  a  PFM  beam 
were  computed  for  cooling  from  a  heat  soak  tempera- 
ture to  room  temperature.  The  residual  stress  distribu- 
tion in  the  composite  was  also  computed.  Effects  of 
the  transformation  of  the  alloy  on  transient  and  residual 
stresses  were  revealed  from  the  results  of  the  simula- 
tions. 
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Extrapolations  based  on  the  history  of  the  development 
of  composites  and  an  adhesion  system  for  bonding 
dental  resins  and  composites  to  hard  tooth  tissues  can 
rightfully  be  the  basis  for  strong  optimism  regarding  fu- 
ture improvements  in  esthetic  and  conservative  treat- 
ment modalities.  Improved  understanding  of  mecha- 
nisms of  action  and  the  clinical  application  steps  com- 
mon to  current  adhesion  systems  will  certainly  lead  to 
improved  oral  health  care. 
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Building  on  findings  concerning  adhesion  to  enamel, 
R.  L.  Bowen  and  his  colleagues  at  the  Paffenbarger 
Research  Center,  National  Institute  of  Standards  and 
Technology,  began  addressing  and  solving  problems 
associated  with  (1)  silicate  cements  and  unfilled  resins, 
(2)  bonding  in  an  aqueous  environment,  and  (3)  the 
development  of  an  adhesion  system  for  both  dentin 
and  enamel  that  could  withstand  various  stresses.  This 
article  reviews  the  development  of  an  adhesion  system 
for  bonding  dental  composites  to  dentin  and  enamel. 
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The  newer  generation  of  dentin  adhesives  has 
changed  the  practice  of  restorative  dentistry.  Two  fea- 
tures common  to  most  of  the  bonding  restorative  mate- 
rials are  the  ability  to  alter,  through  the  use  of  acidic 
etching  agents,  the  surface  of  the  dentin  and  the  ability 
to  completely  wet  and  re-infiltrate  the  altered  dentin 
surface  with  a  hydrophilic  polymerizable  monomer. 
The  acidic  etchants  remove  or  break  up  the  smear 
layer,  partially  demineralize  and/or  alter  the  mineral  in 
the  first  few  microns  of  the  dentin  surface,  and  expose 
the  collagen  fibril  network.  The  hydrophilic  adhesive 
monomers  that  contain  both  acidic  and  methacrylate 
groups  on  the  same  molecule  are  bifunctional  in  na- 
ture. These  monomers  are  able  to  infiltrate  the 
demineralized  dentin  due  to  their  hydrophilic  nature 
and  polymerize  to  encapsulate  the  exposed  collagen 
fibers.  Available  products  can  be  divided  into  two  broad 
categories:  systems  that  contain  a  low  concentration 
of  adhesive  monomer  diluted  in  a  volatile  solvent  and 
systems  that  use  adhesive  resins  of  moderate  to  high 
viscosity.  Knowledge  of  the  features  and  properties  of 
dentin  adhesives  provides  the  needed  rationale  for  the 
protocol  of  application  and  the  proper  choice  of  mate- 
rials in  restorative  dentistry. 
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Octacalcium  phosphate,  Ca8H2(P04)6(dot)5H20 
(OCP),  appears  to  be  a  precursor  in  biomineral  forma- 
tion. The  formation  of  OCP  as  the  precursor  is  sup- 
ported by  the  observation  that  stoichiometric 
hydroxyapatite,  Ca5(P04)30H  (OHAp),  cannot  form 
directly  because  of  the  presence  of  its  growth  inhibitors 
in  serum.  Therefore,  the  effects  of  the  physiological 
concentration  of  pyrophosphate  (P207(4-)),  one  of  the 
most  important  calcium  phosphate  growth  inhibitors  in 
blood,  on  calcium  phosphate  growth  rates  on  OCP  and 
nonstoichiometric  OHAp  (apatite)  seeds  were  meas- 
ured. The  amounts  of  seed  crystals  used  to  initiate  the 
growth  were  adjusted  by  trial  and  error  so  that  the  con- 
trol growth  rates  (in  the  absence  of  P207(4-))  were  the 
same  on  both  OCP  and  apatite  seeds  at  a  given 
supersaturation.  The  crystal  growth  on  both  kinds  of 
seed  crystals  from  supersaturated  solutions  in  the 
presence  of  I  microM  P207(4-)  added  once  ('one-time' 
addition)  at  constant  pH  (7.4)  and  25  C  was  deter- 
mined by  KOH  titration  and  decreases  in  Ca  and  P04 
concentrations  in  the  solutions.  Crystal  growth  on  OCP 
seed  crystals  in  the  presence  of  a  constant  concentra- 
tion of  I  microM  P207(4-)  was  measured.  The  results 
of  this  study  show  that:  (1)  P207(4-)  ions  inhibited  the 
growth  on  the  apatite  seeds  more  than  on  the  OCP 
seeds;  (2)  apparently  OCP  precipitated  on  both  types 
of  seeds,  followed  by  its  hydrolysis  to  a  more  apatite- 
like phase:  (3)  slower  crystal  growth  was  observed  on 
OCP  seeds  in  the  presence  of  a  constant  physiological 
concentration  of  P207(4-)  (I  microM)  than  in  the  'one- 
time' addition  of  P207(4-). 
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This  chapter  addressed  ways  in  which  laboratory  in- 
struments used  to  evaluate  clinical  ultrasonic  equip- 
ment can  themselves  be  characterized  using  a  source 
of  well  known  levels  of  ultrasonic  power.  A  detailed 
presentation  of  the  design  and  working  characteristics 
of  NIST  SRM  1855,  an  ultrasonic  absolute  power 
transfer  standard,  is  preceded  by  an  exposition  of 
methods  by  which  clinical  and  research  ultrasonic 
equipment  should  be  tested  before  being  put  into  serv- 
ice. 
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A  calcium  phosphate  cement,  Grossman  sealer,  and 
Sargenti  N2  were  compared  under  conditions  where 
root  canals  of  monkey  incisors  were  deliberately  over- 
filled and  the  apical  tissue  responses  were  evaluated 
histologically.  The  periapical  tissues  exposed  to 
Sargenti  N2  revealed  severe  irritation  at  all  times 
through  the  6-month  experimental  period.  The  reac- 
tions to  Grossman  sealer  were  milder  but  persisted 
throughout  the  observation  period.  The  calcium-phos- 


phate-cement treated  animals  showed  mild  tissue  irri- 
tation after  1  month,  but  thereafter  the  adverse  tissue 
reactions  were  minimal.  The  compatibility  of  calcium 
phosphate  cement  with  the  periapical  tissue  suggests 
that  the  cement  may  have  other  applications  in  den- 
tistry and  medicine. 
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The  effects  of  different  sterilization  methods  on  fatigue 
life  of  finger  pluggers  was  investigated.  Four  sizes  (A, 
B,  C,  D)  of  finger  pluggers  were  subjected  to  1,  8,  or 
15  cycles  of  steam  autoclave,  dry  heat,  or  bead  steri- 
lization. Controls  were  not  sterilized.  Finger  pluggers 
were  subjected  to  cyclic  bending  until  fracture.  Only  the 
autoclave  8-cycles  subgroup  of  the  A  finger  pluggers 
had  a  significantly  lower  number  of  cycles  to  failure 
compared  to  controls.  The  following  subgroups  had 
significantly  greater  cycles  before  failure  when  com- 
pared to  their  controls:  autoclave  15-,  bead  1-,  and 
bead  15-cycles  subgroups  of  B  finger  pluggers;  auto- 
clave 1-,  8-,  and  15-,  dry  heat  1-,  and  bead  15-cycles 
subgroups  of  C  finger  pluggers;  and  the  bead  15-cy- 
cles subgroup  of  D  finger  pluggers.  The  others  were 
not  different.  Since  all  but  one  sterilized  group  had  cy- 
clic lifetimes  that  were  not  significantly  shorter  than 
nonsterilized  controls,  clinicians  can  generally  use  any 
of  the  3  sterilization  methods  without  a  detrimental  ef- 
fect on  fatigue  life  of  finger  pluggers. 
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Science  Research  (CEMSR)  and  Paffenbarger  Re- 
search Center  (PRC)  at  the  National  Institute  of  Stand- 
ards and  Technology  (NIST)  has  been  in  the  forefront 
of  transferring  new  and  improved  dental  technologies 
to  the  profession  since  1928.  The  list  of  PRC/NIST  in- 
novations is  long  and  impressive.  During  the  past  five 
years,  dentistry  has  seen  the  commercialization  of  a 
PRC  adhesion  system  for  bonding  composites  to 
dentin  and  enamel  simultaneously  and  glass-ceramic 
inserts  that  improve  the  properties  of  composite  res- 
torations. Licenses  are  currently  being  negotiated  with 
dental  manufacturers  for  a  variety  of  other  products 
based  on  American  Dental  Association  Health  Founda- 
tion (ADAHF)  patents.  Current  research  includes  the 
further  development  of  calcium  phosphate  cements  for 
various  dental  and  medical  applications;  resins  that  ex- 
hibit minimal  dimensional  change  on  hardening;  pro- 
tective coatings  for  dentin,  as  well  as  enamel;  and  syn- 
thetic dentin. 
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The  crystal  structure  of  Ca2KH3(P207)2  3H20  has 
been  determined  by  single  crystal  X-ray  diffraction. 
Crystals  are  monoclinic,  space  group  P2(sub  1)/n  with 
a  =  10.518(3),  b  =  19.253(9),  c  =  7.340(3)A,  Beta  = 
90.07(2)  deg,  and  2  =  4.  The  structure  was  refined  to 
R  =  0.048  and  R(sub  w)  =  0.044  for  1 .839  reflections 
with  I  >  than  or  =  3  sigma(l).  The  structure  consists 
of  a  compact  assembly  of  Ca,  K,  HP207,  and  H2P207 
ions  and  three  water  molecules  arranged  in  layers  per- 
pendicular to  the  b-axis.  The  two  independent  Ca  ions 
and  the  HP207  ion  comprise  one  layer;  K  and  H2P207 
ions  and  the  three  water  molecules  form  an  interstitial 
layer.  Coordinations  of  the  two  independent  Ca  ions 
are  quite  similar,  but  the  environments  of  HP207  and 
H2P207  ions  are  quite  different,  probably  due  to  their 
locations  in  different  layers.  The  general  structural  fea- 
tures are  quite  similar  to  those  of  Ca(NH4)HP207. 
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The  crystal  structure  of  calcium  adipate  monohydrate, 
Ca(C6H804)  (H20),  has  been  determined  by  single 
crystal  X-ray  diffraction  study.  The  structure  was  re- 
fined by  full-matrix  least-squares  techniques  to  R  = 
0.040,  R(sub  w)  =  0.058  for  1,283  reflections  with  I  > 
or  =  3  sigma(l).  Ca  is  coordinated  to  seven  oxygen 
atoms  and  the  coordination  polyhedron  is  best  de- 
scribed as  pentagonal  bipyramid.  The  coordinations  of 
the  two  carboxylate  groups  in  adipate  ion  are  quite  dif- 
ferent. One  carboxylate  group  binds  three  different  Ca 
ions  forming  a  four-membered  chelate  ring  with  one  Ca 
ion  and  unidentate  bridge  bonds  to  two  other  Ca  ions. 
The  other  carboxylate  group  links  to  two  Ca  ions 
through  unidentate  bonds.  The  structure  is  highly  poly- 
meric, but  with  a  layer-type  structure  parallel  to  (001) 
with  the  hydrocarbon  chains  sandwiched  between  the 
polar  regions  consisting  of  Ca,  carboxylate  and  water 
molecules. 
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The  indentation-microfracture  (IM)  method  was  applied 
to  estimate  both  the  fracture  toughness,  K(sub  Ic),  and 
residual  stress  in  the  surface  of  2.0  x  10.0  mm  disks 
of  two  dental  porcelains  (A  and  B)  that  were  either 
slowly  cooled  or  tempered  by  two  different  treatments. 
The  shape  parameter,  m,  for  Weibull  plots  of  the  K(sub 
lc)'s  that  were  measured  by  IM  method,  was  calculated 
to  be  within  the  range  of  7. 1  to  9. 1  for  the  slowly  cooled 
specimens.  Tempering  had  no  significant  effect  on  the 
Weibull  shape  parameters.  The  surface  residual 
stresses  for  porcelain  A  were  estimated  to  be  26-28 
and  64-88  MPa  in  compression  for  specimens  cooled 
in  ambient  air  and  with  forced  air,  respectively,  as  cal- 
culated from  the  median/radial  crack  length  after  in- 
dentation. The  estimated  residual  stresses  were  in 
good  agreement  with  the  results  of  computer  simula- 
tions by  Asaoka  et  al.  It  was  concluded  that  the  IM 


method  can  be  applied  for  measurement  of  the  fracture 
toughness  and  residual  stress  in  the  near  surface  re- 
gion (100-400  micrometers  deep)  for  dental  metal-ce- 
ramic porcelains  that  have  a  micro  structure  that  is  un- 
affected by  cooling  rate. 
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The  image  information  transfer  properties  of  a  number 
of  x-ray  fluorescent  screens  have  been  measured  for 
x-ray  energies  from  1 7  to  320  keV.  The  detective  quan- 
tum efficiency  of  the  screens  at  each  x-ray  energy  has 
been  determined  by  separate  measurements  of  the  x- 
ray  absorption  efficiency  and  the  statistical  factor  asso- 
ciated with  the  emission  of  optical  photons  upon  ab- 
sorption of  an  incident  x  ray.  Data  have  been  recorded 
for  both  rare-earth  phosphor  screens  and  calcium 
tungstate  screens.  The  value  of  the  statistical  factor  for 
optical  photon  emission  tends  toward  a  constant  value 
as  the  incident  energy  increases.  Comparisons  of  the 
image  information  transfer  properties  are  presented  for 
several  screens,  which  have  been  measured  over  a 
ten  year  interval.  The  utility  of  the  screens  for  high-en- 
ergy radiography  is  discussed. 
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Effective  dentin  bonding  systems  based  on  para- 
PMDM  diadduct  of  pyromellitic  dianhydride  and  2- 
hydroxyethyl  methacrylate  (HEMA)  have  been  devel- 
oped. Para-PMDM,  a  solid  of  limited  solubility,  is  usu- 
ally applied  from  an  acetone  solution  to  dentin  that  has 
been  preconditioned  with  acid  and  N-phenylglycine. 
The  feasibility  of  using  a  liquid,  surface-active  bonding 
resin  to  substitute  for  or  to  supplement  para-PMDM 
was  explored.  The  results  suggest  that  solutions  based 
on  Mono(2-methacryloyloxy)ethyl  phthalate  (MMEP) 
and/or  para-PMDM  in  acetone  or  in  other  monomers, 
especially  those  containing  HEMA,  can  effectively  pro- 
mote bonding  to  dentin.  A  new  mechanism  for  the  ob- 
served self-polymerization  of  MMEP  or  para-PMDM 
with  N-phenylglycine  is  proposed. 
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Calcium  phosphate  solutions  at  various  concentrations 
and  pH  levels  were  used  to  obstruct  the  dental  tubules. 


The  effects  were  evaluated  by  measurements  of  per- 
meability through  dentin  discs  and  by  scanning  elec- 
tron microscopy.  Precipitation  kinetics  were  followed 
by  pH  changes  in  the  solutions  and  products  were  de- 
termined by  X-ray  powder  diffraction.  The  solutions 
were  applied  in  two  ways:  (a)  calcium  and  phosphate 
solutions  were  mixed  before  application  and  (b)  one 
solution  (calcium  or  phosphate)  was  applied  first  fol- 
lowed by  the  other  solution. 
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PMGDM,  a  PMDM-type  adhesive  monomer,  was  syn- 
thesized from  pyromellitic  dianhydride  and  glycerol 
dimethacrylate.  Only  the  para  isomer  of  PMDM,  a 
solid,  is  used  in  dental  adhesives.  The  adhesive  mono- 
mer PMGDM  is  a  liquid  and  consists  of  a  mixture  of 
para-  and  meta  isomers.  This  study  shows  that 
PMGDM  has  several  advantages  over  PMDM.  The  ad- 
hesive bonds  were  tested  in  both  shear  and  tensile 
modes.  PMDM  was  used  as  the  control.  The  reliability 
of  the  bonds,  as  judged  from  the  Weibull  modulus  and 
Weibull  characteristic  strength,  was  improved  by  (1) 
use  of  more  concentrated  solutions  of  PMGDM  adhe- 
sive, (2)  use  of  an  adhesive  thickness  of  about  25  mi- 
crometers and  (3)  modification  of  PMGDM  with  a  dilu- 
ent monomer  which  is  expected  to  enhance  the  degree 
of  cure  and/or  the  dentin-wetting  properties  of  the  ad- 
hesive resin. 
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The  indentation-microfracture  (IM)  method  was  applied 
to  estimate  both  the  fracture  toughness,  K(sub  Ic)  and 
residual  stress  in  the  surface  of  2.0  x  10.0  mm  disks 
of  two  dental  porcelains  (A  and  B)  that  were  either 
slowly  cooled  or  tempered  by  two  different  treatments. 
The  shape  parameter,  m,  for  Weibull  plots  of  the  K(sub 
lc)'s  that  were  measured  by  IM  method,  was  calculated 
to  be  within  the  range  of  7.1  to  9.1  for  the  slowly  cooled 
specimens.  Tempering  had  no  significant  effect  on  the 
Weibull  shape  parameters.  The  surface  residual 
stresses  for  porcelain  A  were  estimated  to  be  26-28 
and  64-88  MPa  in  compression  for  specimens  cooled 
in  ambient  air  and  with  forced  air,  respectively,  as  cal- 
culated from  the  median/radial  crack  length  after  in- 
dentation. The  estimated  residual  stress  were  in  good 
agreement  with  the  results  of  computer  simulations  by 
Asaoka  et  al.  It  was  concluded  that  the  IM  method  can 
be  applied  for  measurement  of  the  fracture  toughness 
and  residual  stress  in  the  near  surface  region  ( 1 00-400 
micrometers  deep)  for  dental  metal-ceramic  porcelains 
that  have  a  micro  structure  that  is  unaffected  by  cooling 
rate. 
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Wavelength  dispersive  crystal  diffraction  spectrometry 
has  been  applied  to  the  measurement  of  the  accelerat- 
ing voltage  on  an  x-ray  source  in  a  prototype  experi- 
ment in  the  mammographic  source.  The  results  indi- 
cate that  this  noninvasive  approach  can  yield  deter- 
minations of  such  voltages  within  0.1  kV,  a  level  of  im- 
precision that  appears  adequate  for  high-level  stand- 
ardization of  such  potentials. 
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This  study  determined  the  effect  of  castable  ceramic, 
with  and  without  shading  porcelain  applied,  on  enamel 
wear.  The  wear  produced  by  conventional  dental  por- 
celain was  used  as  a  control.  Cusp  tips  from  extracted 
human  third  molars  were  precision-machined  into 
cones  of  enamel  approximately  1  mm  long.  Three 
groups  of  nine  cones  each  were  abraded  against  rotat- 
ing disks  of  (1)  castable  ceramic  with  shading  por- 
celain, (2)  castable  ceramic  without  shading  porcelain, 
and  (3)  conventional  dental  porcelain.  Enamel  wear 
was  calculated  from  microscopic  measurements  of  the 
enamel  cones  before  and  after  abrading.  Significant 
differences  were  found  between  castable  ceramic  with 
and  without  shading  porcelain  and  between  conven- 
tional dental  porcelain  and  castable  ceramic  with  shad- 
ing porcelain  (p  <  0.001  ANOVA  and  0.05  Scheffe's 
test).  These  findings  suggest  that  castable  ceramic 
with  shading  porcelain  should  not  be  used  in  regions 
that  will  function  against  opposing  natural  teeth. 
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For  monomers  of  comparable  size,  ring-opening  po- 
lymerization results  in  less  shrinkage  than  that  which 
accompanies  1,2-vinyl  addition  polymerization.  Two 
monomer  types  were  synthesized,  nonvinyl  (NVCA) 
and  vinyl  (VCA)  cyclic  acetals.  The  goals  of  this  study 
were  to  assess  the  potential  for  reduced  shrinkage 
through  free  radical  ring-opening  polymerization  of 
NVCA  and  VCA  type  monomers,  and  to  test  the  me- 
chanical strength  of  dental  resin  composites  formu- 
lated with  these  novel  monomers.  Homo-  and 
copolymerizations  were  conducted  with  several 
NVCAs  and  VCAs  to  evaluate  their  potential  as 
comonomers  in  dental  polymeric  composites.  Com- 
posite specimens  were  formulated  with  PBMD,  a  VCA 
derived  from  terephthaldehyde,  and  EBPADM,  an 
ethoxylated  bisphenol  A  dimethacrylate,  and  tested  for 
their  mechanical  strength. 
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Solubility  values  of  dicalcium  phosphate  dilhydrate 
were  determined  in  0,  7.86,  16.04,  24.53,  and  33.38% 
by  weight  ethanol-water  mixtures  at  37  C.  The  de- 
creased solubility  of  DCPD,  expressed  as  solubility 
product  (K(sub  sp)),  from  pK(sub  sp)  =  6.69  at  0%  eth- 
anol to  8.91  at  33.38%  ethanol,  was  mainly  due  to  the 
decrease  in  the  dielectric  constant.  The  data  were 
fitted  to  the  simple  Born  equation  as  follows:  pK(sub 
sp)  -  6.69  =  575.2(1/epsilon  -  0.0135). 
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alpha-Methylene-gamma-butyrolactone  (MBL),  which 
can  be  described  as  the  cyclic  analog  of  methyl  meth- 
acrylate,  exhibits  greater  reactivity  in  free  radical  po- 
lymerizations than  conventional  methacrylate 
monomers.  Unfilled  resin  formulations  composed  of 
Bis-GMA/MBL  or  Bis-GMA/TEGDMA/MBL  were  light- 
cured.  The  effect  of  the  more  reactive  methylene 
lactone  monomer  on  mechanical  properties  and  the 
degree  of  conversion  of  the  polymers  was  examined. 
The  infrared  absorption  bands  for  the  carbon-carbon 
double  bonds  of  MBL  and  the  methacrylate  monomers 
are  well  resolved  and  allow  the  conversion  of  each 
component  to  be  calculated  individually.  The  synthesis 
and  polymerization  of  several  substituted  methylene 
lactones  was  also  studied. 
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The  purpose  of  the  study  was  to  gain  a  better  under- 
standing of  the  integration  of  calcium  phosphate  ce- 
ment (CPC)  implants  in  biological  tissue.  An  invitro 
continuous  flow  system  was  employed  to  examine  the 
protracted  behavior  of  disc-shaped  specimens  of  this 
bioactive  material  under  sustained  physiological-like 
solution  conditions.  The  results  suggest  that  under  in 
vivo  conditions,  CPC  implants  would  not  dissolve  in 
phyisological  fluids.  Carbonate  hydroxyapatite  (OHAp) 
coatings  may  form  on  the  implants,  which  may  en- 
hance bonding  of  implants  to  bone  by  mechanically 
strengthening  the  interface  between  them. 
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Octacalcium  phosphate  succinate, 

Ca8(HP04)1 .07(succ)0.93(PO4)4-6H2O  (OCP- 
SUCC),  has  an  approx  50%  larger  hydrated  layer  vol- 
ume than  that  of  its  parent  compound,  octacalcium 
phosphate,  Ca8(HP04)2(P04)4-5H20  (OCP).  The  in- 
corporation of  structurally  excess  ions  in  OCP-SUCC 
was  established  by  chemical  analysis,  X-ray  powder 
diffraction,  and  infrared  spectroscopy.  Both  excess 
succinate  and  counter  ammonium  ions  were  found  to 
incorporate  in  the  hydrated  layer  of  the  OCP-SUCC 
structure;  this  incorporation  caused  a  slight  expansion 
in  the  alpha-axis  of  up  to  3%.  Removal  of  these  excess 
ions  resulted  in  contraction  of  the  alpha-axis  to  near 
that  of  OCP-SUCC.  OCP-SUCC  and  particularly  other 
OCP-carboxylates  (OCPCs)  that  have  larger  hydrated 
layer  volumes  have  a  potential  to  incorporate  various 
molecules  and  ions;  these  OCPCs  could  serve  as  vehi- 
cles to  facilitate  slow  release  of  these  additives  into 
aqueous  solutions. 
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The  crystal  structure  of  calcium  succinate 
monohydrate,  Ca(C4H404)-H20,  has  been  deter- 
mined by  single  crystal  X-ray  diffraction.  The  crystals 
are  monoclinic.  The  structure  was  refined  by  full-matrix 
least-squares  techniques  to  R  =  0.027,  R(sub  w)  = 
0.040,  for  829  reflections  with  I  >  or  =  3  sigma(l).  Ca 
is  coordinated  to  seven  oxygen  atoms,  and  the  coordi- 
nation polyhedron  is  best  described  as  a  pentagonal 
bipyramid.  One  carboxylate  group  in  the  succinate  ion 
is  bonded  to  three  different  Ca  ions,  forming  a  four- 
membered  chelate  ring  with  one  Ca  ion  and  unidentate 
bridge  bonds  to  two  other  Ca  ions.  The  other 
carboxylate  group  is  bonded  to  two  Ca  ions  through 
unidentate  bonds.  The  structure  is  highly  polymeric. 
The  general  structural  features  are  nearly  identical  to 
those  of  calcium  adipate  monohydrate. 
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Room-temperature  intermetallic  compound  formation 
occurs  when  one  of  the  component  metals  has  a  very 
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low  melting  point  or  when  two  metals  in  close  contact 
interdiffuse  very  rapidly.  Compound  formation  at  room 
temperature  at  the  interface  of  superposed  thin  films 
has  been  observed  in  several  instances,  often  in  sys- 
tems relating  to  electronic  materials.  The  overall 
amount  of  compound  produced  in  such  configurations, 
however,  is  limited,  due  to  the  intrinsic  limitations  in- 
volved in  the  thin  layer  geometry.  Bulk  quantities  of 
intermetallic  can  be  produced  at  ambient  temperature 
in  solids  by  increasing  the  interface  area  between  the 
components  that  interdiffuse  rapidly.  This  condition 
can  be  achieved  by  having  small  size  powder  particles 
of  one  component  coated  with  a  layer  of  the  second 
component.  The  very  large  interface  area  leads  to 
rapid  formation  of  bulk  quantities  of  compounds  even 
at  ambient  temperature.  By  appropriate  control  of  the 
initial  constituents  and  the  coating  parameters,  it  is 
possible  to  custom-prepare  various  intermetallic  com- 
pounds present  in  binary  systems  such  as  silver-tin, 
gold-tin  and  silver-indium  in  which  fast  interdiffusion 
takes  place. 
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Hydroxyapatite  (HA),  Ca5(P04)30H,  is  the  prototype 
of  the  inorganic  constituent  found  in  tooth  and  bone. 
Its  physico-chemical  properties  have  wide  biological 
and  industrial  importance.  Hence,  its  solubility  in  aque- 
ous solutions  has  been  extensively  studied.  Although 
ethanol  has  been  known  to  increase  the  association 
constants  of  ionic  compounds  and  decrease  their 
solubilities,  the  effect  of  ethanol  on  the  solubility  of  HA 
has  not  been  studied.  Recently,  ethanol  has  been  re- 
ported to  affect  the  precipitation  of  HA  and  other  cal- 
cium phosphates.  This  effect  of  ethanol  may  be  due 
to  the  increase  in  precipitation  rate  or  the  effect  on  the 
solubility  of  HA  or  both.  Therefore,  the  purpose  of  this 
study  is  to  investigate  the  effect  of  ethanol  on  the  solu- 
bility of  HA. 
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Among  the  self-setting  calcium  phosphate  cement  sys- 
tems, those  cements  that  consist  of  tetracalcium  phos- 
phate (TTCP)  and  dicalcium  phosphate  anhydrous 
(DCPA)  or  dicalcium  phosphate  dihydrate  (DCPD) 
form  OHAp  as  the  only  reaction  product.  The  paper  re- 
ports the  effects  of  the  TTCP/DCA  ratio  and  the  phos- 
phate concentration  in  the  cement  liquid  on  the  forma- 
tion of  OHAp  in  the  TTCP+DCPA  system.  Also  re- 
ported is  the  formation  of  OHAp  in  new  cement  com- 
positions comprising  TTCP  and  alpha-tricalcium  phos- 
phate (alpha-TCP),  octacalcium  phosphate  (OCP), 
amorphous  calcium  phosphate  (ACP),  or  monocalcium 
phosphate  monohydrate  (MCPM). 
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The  purpose  of  this  study  was  to  improve  the  handling 
and  physical  properties  of  a  self-setting,  water-based 
calcium  phosphate  cement  by  combining  it  with  polym- 
erizable  resins  and  to  study  the  setting  reactions  in- 
volved. Dual-cured  composite  cements  were  prepared 
from  a  calcium  phosphate  cement  powder  and  dental 
monomers  that  contain  carboxylated  hydrophilic  resins 
or  resin/water  mixtures.  The  hydrophilic  acidic  resins 
allows  mixing  with  water  and/or  allow  rapid  diffusion 
of  water  into  the  resinous  cement  so  that  the  dissolu- 
tion and  reprecipitation  processes  required  for  the  con- 
version of  the  calcium  phosphate  components  to 
hydroxyapatite  can  occur.  The  characteristics  of  the  re- 
sulting composite  cements  suggest  that  the  materials 
may  be  useful  in  pulp  capping  and/or  cavity  lining. 
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We  report  a  confirmed  case  of  intraoral  contact 
mucositis  secondary  to  nickel  dental  alloy 
hypersensitivity.  The  lesion  resolved  after  removal  of 
the  offending  prosthesis.  The  patient  responded 
nagatively  to  dermatologic  patch  tests,  but  a  positive 
intraoral  rechallenge  confirmed  the  mucositis  diag- 
nosis. A  nonreactive,  gold  alloy  prosthesis  was  in- 
serted for  a  successful  result. 
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Recently  it  was  shown  that  the  reaction  of  aqueous  so- 
lutions of  poly(alkenoic  acids)  with  mixtures  of 
tetracalcium  phosphate  (TTCP)  and  dicalcium  phos- 
phate anhydrous  (DCPA)  formed  strong  polymeric  cal- 
cium phosphate  cements.  Surprisingly,  x-ray  diffraction 
(XRD)  analysis  of  these  cements,  even  after  prolonged 
storage  in  water,  failed  to  reveal  the  presence  of 
hydroxyapatite  (OHAp).  In  this  study  poly(methyl  vinyl 
ether-maleic  acid),  (PMVE-Ma)  was  reacted  with  only 
TTCP  to  form  polymeric  calcium  phosphate  cements. 
TTCP  samples  ground  for  different  lengths  of  time 
were  used  as  the  base  powder.  Grinding  enhanced  the 
reactivity  of  TTCP  with  PMVE-Ma  and  yielded  cements 


with  higher  diametral  tensile  strengths  than  similar  ce- 
ments formulated  with  unground  TTCP.  XRD  analysis 
of  the  ground  TTCP/PMVE-Ma  cements  also  showed 
the  presence  of  significant  amounts  of  OHAp. 


00,774 

PB96-1 02405       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (MSEL), 
Gaithersburg,  MD.  Polymers  Div. 
Reduction  of  Marginal  Gaps  in  Composite  Restora- 
tions by  Use  of  Glass-Ceramic  Inserts. 
Final  rept. 

L.  A.  George,  N.  D.  Richards,  and  F.  C.  Eichmiller. 
1995,  4p. 

Sponsored  by  American  Dental  Association  Health 

Foundation,  Chicago,  IL. 

Pub.  in  Operative  Dentistry  20,  p1 51  -1 54  1 995. 

Keywords:  "Dental  materials,  "Inserts,  "Composite  ma- 
terials, "Shrinkage,  Glass,  Ceramics,  Polymerization, 
Monomers,  Gaps,  Teeth,  Reprints. 

The  objective  of  this  study  was  to  evaluate  the  effects 
of  glass-ceramic  inserts  on  reducing  the  marginal  gaps 
caused  by  polymerization  shrinkage  in  composite  res- 
torations. A  light  microscope  was  used  to  measure  the 
largest  gap  at  margins  around  restorations  made  in 
glass  cylinders  and  tooth  cavities  with  and  without  ad- 
hesion promoters.  Where  the  cylinder  was  not 
silanated,  the  average  gap  was  less  in  samples  con- 
taining an  insert  than  in  those  without.  Two  prepara- 
tions were  made  in  the  dentin  of  20  human  molars.  In 
each  molar  one  cavity  was  restored  with  a  dentin  bond- 
ing agent  and  composite  and  the  other  with  a  dentin 
bonding  agent  and  an  inserted  seated  in  the  compos- 
ite. The  average  maximum  gap  width  of  restorations 
containing  inserts  was  statistically  less  than  for  those 
with  only  composite  (paired  t-test,  P  <  0.0001).  When 
considering  the  volume  of  composite  displaced  by  the 
insert,  these  results  indicate  that  the  use  of  a  glass- 
ceramic  insert  decreased  the  marginal  gaps  resulting 
from  polymerization  shrinkage. 
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Hertzian  cone  cracks  visible  at  the  loading  site  of  20 
all-ceramic  fixed  partial  dentures  (FPDs),  tested  in 
vitro,  led  to  the  hypotheses  that  failure  was  due  to  the 
propagation  of  localized  contact  damage  crack  sys- 
tems (Hertizian  stress  state)  and  that  such  damage 
was  an  unlikely  clinical  failure  mode.  Fractographic 
analysis  of  the  20  laboratory-failed  and  nine  clinically- 
failed  all-ceramic  FPDs  allowed  for  definitive  testing  of 
these  hypotheses  and  a  comparison  between  in  vitro 
and  in  vivo  failure  behavior.  In  all  cases,  failure  oc- 
curred in  the  FPD  connectors  (none  from  contact  dam- 
age), with  approximately  70  to  78%  orginating  from  the 
interface  between  the  core  and  veener  ceramics.  The 
coincidence  between  failure  origins  provides  strong 
evidence  that  the  in  vitro  test  modeled  aspects  of  struc- 
tural behavior  having  clinical  importance.  The 
fractographic  observations,  coupled  with  the  in  vitro 
failure  load  data,  furnished  very  specfic  boundary  con- 
ditions which  were  applied  to  constrain  mathematical 
models  of  FPD  connector  failure.  Finite  element  analy- 
sis (FEA)  of  the  laboratory  PPDs  found  that  maximum 
principal  tensile  stresses  would  occur  at  locations  con- 
sistent with  the  fractographic  observations  only  if  (1) 
there  were  appropriate  elastic  moduli  differences  be- 
tween the  ceramics;  and  (2)  a  small  amount  of  abut- 
ment rotation  was  allowed.  Weibull  failure  probability 
(Pf)  calculations,  incorporating  FEA  stress  profiles, 
very  closely  replicate  the  veneer  interface  was  much 
lower  than  that  for  the  free  veneer  surface  (i.e,  the 
interface  is  of  lower  quality  with  regard  to  defects). 
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The  class  of  instruments  referred  to  as  bioelectrical  im- 
pedance analyzers  (BIAs)  are  designed  to  measure 
human  body  impedance-a  parameter  that  has  been 
used  to  estimate  body  composition  based  on  algo- 
rithms that  also  include  height,  weight,  gender,  age, 
and  level  of  physical  activity.  The  algorithms  have  been 
described  in  the  literature,  as  have  evaluations  of  com- 
mercial BIAs  on  human  subjects.  This  paper  describes 
a  project  to  investigate  the  properties  of  these  instru- 
ments as  electrical  impedance  meters. 
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Properties  of  ceramics  that  make  them  appropriate  for 
use  in  dental  applications  include  compressive 
strength,  durability,  radiopacity,  and  inertness  towards 
the  oral  environment.  The  principle  dental  use  of  ce- 
ramics is  in  the  aesthetic  restoration  of  missing  teeth 
or  tooth  structure.  Aesthetic  dental  ceramics  are  pri- 
marily manufactured  from  two  classes  of  materials, 
beneficiated  feldspathic  minerals,  and  glass-ceramics. 
Processing  restorations  with  feldspathic  materials  gen- 
erally involves  stacking  powder-water  slurries  upon  a 
metal  framework  and  subsequent  sintering.  Glass-ce- 
ramics used  in  restorative  parts  involves  the  casting 
or  forming  of  complex  shapes  that  are  then  cerammed. 
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The  setting  time  of  a  calcium  phosphate  cement  con- 
sisting of  tetracalcium  phosphate  (TTCP)  and 
dicalcium  phosphate  anhydrous  (DCPA)  was  reduced 
from  30  to  5  min  by  use  of  a  cement  liquid  that  con- 
tained a  phosphate  concentration  of  0.25  mol/l  or  high- 
er. The  diametral  tensile  strength  and  conversion  of  the 
cement  ingredients  to  hydroxyapatite  (OHAp)  during 
the  first  3  h  were  also  significantly  increased  by  the 
phosphate.  However,  the  phosphate  produced  no  sig- 
nificant effects  on  the  properties  of  the  24-h  cement 
samples.  Results  from  additional  experiments  in  a  slur- 
ry system  verified  that  the  high  phosphate  concentra- 
tion in  the  solution  accelerated  the  formation  of  OHAp 
in  the  TTCP-DCPA  system,  and  this  reaction  could  ex- 
plain the  fast-setting  properties  of  the  cements. 
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The  ability  of  calcium  phosphate  cement  (CPC)  to  rein- 
force cancellous  screws  placed  in  previously  stripped 
holes  was  studied  in  vitro.  The  distal  end  of  canine  fe- 
murs were  harvested.  A  total  of  fifteen  screws  were 
placed  in  six  femurs.  The  pullout  strength  (failure 
force),  failure  displacement,  stiffness  and  energy  ab- 
sorbed were  determined  for  the  screws  in  the  intact 
cancellous  bone.  Next,  these  stripped  screw  holes 
were  packed  with  CPC.  The  pullout  test  was  repeated, 
and  the  results  were  compared  using  a  paired,  Stu- 
dent's t  test.  We  found  that  the  CPC  was  able  to  rein- 
force the  previously  stripped  holes  and  significantly  in- 
crease the  pullout  strength  (1159  plus  or  minus  278 
N  vs.  678  plus  or  minus  297  N)  and  the  stiffness  (1 ,900 
plus  or  minus  569  N/mm  vs.  1,519  plus  or  minus  609 
N/mm)  of  the  constructs,  as  well  as  the  energy  ab- 
sorbed by  the  constructs  until  failure  (467  plus  or  minus 
180  N/mm  vs.  278  plus  or  minus  140  N  mm).  There 
was  no  difference  in  the  failure  displacement  (0.94  plus 
or  minus  0.23  vs.  0.85  plus  or  minus  0.51  mm).  This 
study  documents  the  ability  of  CPC  to  acutely  reinforce 
cancellous  bone  screws  in  a  region  with  no  or  poor 
quality  cancellous  bone. 
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The  purpose  of  this  study  was  to  assess  the  feasibility 
of  forming  polymeric  calcium  phosphate  cements  from 
a  mixed  powder  of  dicalcium  phosphate/tetracalcium 
phosphate  or  only  tetracalcium  phosphate  and 
poly(methyl  vinyl  ether-maleic  acid)  (PMVE-Ma),  and 
to  study  their  setting  reaction.  The  setting  reaction 
process  of  the  polymeric  cements  was  evaluated  by 
mechanical  strength  tests,  infrared  spectroscopy  and 
x-ray  diffraction  analysis  and  compared  with  that  of  a 
water-setting  calcium  phosphate  cement.  The 
machanical  strength  data  were  analyzed  using  ANOVA 
and  Scheffe's  multiple  comparisons  test. 
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Six  commercial  bioelectrical  impedance  analyzers 
were  evaluated  to  determine  their  accuracy  as  imped- 
ance meters,  their  sensitivity  to  contact  impedance, 
and  other  operating  parameters  such  as  maximum  cur- 
rent amplitude  and  test  waveform.  Over  a  range  of 
impedances  that  simulate  human  body  impedance,  an- 
alyzer errors  varied  from  less  than  1%  to  nearly  20%. 
Larger  errors  were  observed  when  the  contact  imped- 
ance was  at  the  limits  of  the  operating  range  of  the 
analyzer.  Body  models,  sources  of  error,  and  several 
simple  tests  that  the  user  can  perform  are  also  dis- 
cussed. 
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A  neural  network  architecture  for  size  and  local  shape 
invariant  digit  recognition  has  been  developed.  The 
network  is  based  on  known  biological  data  on  the 
structure  of  vertebrate  vision  but  is  implemented  using 
more  conventional  numerical  methods  for  image  fea- 
ture extraction  and  pattern  classification.  The  input  re- 
ceptor field  structure  of  the  network  uses  Gabor  func- 
tion feature  selection.  The  classification  section  of  the 
network  uses  back  propagation.  Using  these  features 
as  neurode  input,  an  implementation  of  back  propaga- 
tion on  a  serial  machine  achieved  100%  accuracy 
when  trained  and  tested  on  a  single  font  size  and  style 
while  classifying  at  a  rate  of  2ms  per  character. 
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The  paper  deals  with  vision-based  closed-loop  control 
schemes  for  collision  avoidance  as  well  as  mainte- 
nance of  clearance  in  a-priori  unknown  textured  envi- 
ronments. These  control  schemes  are  base  on  fuzzy 
logic  and  employ  a  visual  motion  cue,  they  call  the  Vis- 
ual Threat  Cue  (VTC)  that  provides  some  measure  for 
a  relative  change  in  range  as  well  as  clearance  be- 
tween 3D  surface  and  a  fixated  observer  in  motion.  It 
is  a  collective  measure  obtained  directly  from  the  raw 
data  of  gray  level  images,  is  independent  of  the  3D  sur- 
face texture  and  needsno  optical  flow  information,  3D 
reconstruction,  segmentation,  feature  tracking  or 
preprocessing.  This  motion  cue  is  scale-independent, 
rotation  independent  and  is  measure  in  (time-1)  units. 
Design  of  a  closed-loop  conventional  controller  for  vi- 
sion based  navigation  tasks  pose  a  problem  as  the 
system  is  complex  and  ill-defined.  On  the  other  hand 
fuzzy  control  which  is  closer  in  spirit  to  human  thinking 
and  can  implement  linguistically  expressed  heuristic 
contrl  policies  directly  without  any  knowledge  about  the 
dynamics  of  the  complex  process.  The  fuzzy  control- 
lers were  tested  in  real  time  using  a  486-based  Per- 
sonal Computer  and  a  camera  capable  of  undergoing 
6-DOF  motion.  Results  are  highly  encouraging. 
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The  purpose  of  the  study  was  to  characterize  the  phys- 
icochemical properties  of  calcific  deposits  that  cause 
the  failure  of  tissue-derived  heart  valve  bioprosthese. 
This  was  done  in  an  effort  to  understand  the  mecha- 
nism of  pathologic  biomineralization  in  the  cardio- 
vascular system  and  potentially  prevent  deterioration 
of  bioprosthese.  Calcific  deposits  taken  from  10  failed 
bioprosthetic  valves  that  had  been  implanted  in  pa- 
tients for  2-13  years  were  characterized  by  chemical 
analysis,  x-ray  diffraction,  FTIR  spectroscopy,  scan- 
ning electron  microscopy,  polarized  light  microscopy, 
and  solubility  measurements.  The  combined  results 
identified  the  biomineral  as  an  apatitic  calcium  phos- 
phate salt  with  substantial  incorporation  of  sodium, 
magnesium  and  carbonate.  The  average  Ca/P04  ratio 
for  this  young  pathologic  biomineral  was  approximately 
1.3,  considerably  lower  than  approximately  1.7  found 
in  mature  atherosclerotic  plaque  biomineral  and  ma- 
ture skeletal  biomineral,  both  of  which  approximate 
hydroxyapatite  in  composition.  Deproteinated  calcific 
deposits  from  bioprosthese  had  thermodynamic 
solubilities  comparable  to  those  of  both  atherosclerotic 
plaque,  typical  pathologic  biomineral  and  hydrolyzed 
octacalcium  phosphate,  a  proposed  precursor  phase 
to  biomineral  apatite.  This  suggests  an  approach  to- 
ward prevention  of  bioprosthetic  tissue  calcification 
through  control  of  the  formation  of  the  kinetically  fa- 
vored OCP  precursor  and/or  its  transformation  into 
bioapatite. 
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The  design  and  fabrication  of  multi-unit  fixed  pros- 
theses where  abutment  teeth  are  misaligned  have 
been  difficult  technical  challenges  for  dentists  and  den- 
tal technicians.  There  have  been  a  number  of  methods 
developed  to  attain  a  common  path  of  insertion,  includ- 
ing modified  preparation  designs,  telescopic  copings 
placed  on  abutments  to  correct  alignment,  adhesively 
retained  bridge  frameworks,  and  mechanical  precision 
attachments  between  sections  of  a  segmented  pros- 
thesis. This  paper  describes  a  method  of  fabricating 
a  precision  attachment  on  a  segmented  prosthesis  that 
can  be  rigidly  fixed  after  cementation.  The  technique 
involves  the  use  of  a  cast  tapered  pin  to  permanently 
attach  the  prosthesis  segments  together.  All  parts  can 
be  fabricated  by  conventional  lost-wax  techniques  with 
a  minimum  of  instrumentation.  The  technique  has  the 
added  advantage  of  being  reversible  should  the  pros- 
thesis ever  need  to  be  separated  for  repair  or 
recementation. 
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The  quantitative  deproteination  of  calcific  deposits 
from  surgically  explanted  heart  valve  bioprostheses 
was  carried  out  by  both  hypochlorite  and  hydrazine  ex- 
traction to  establish  which  is  better  procedure  for  pre- 
paring purified  mineral  suitable  for  detailed  chemical 
and  structural  characterization.  Hypochlorite  treatment 
resulted  in  a  material  with  a  higher  Ca/P04  ratio  than 
that  of  the  untreated  deposits.  The  hydrazine  treatment 


did  not  produce  such  an  effect.  A  systematic  compari- 
son of  x-ray  diffraction  patterns  of  calcific  deposits 
showed  an  increase  in  crystallinity  of  hypochlorite- 
treated  versus  native  material,  while  the  crystallinity  of 
hydrazine-treated  materials  did  not  change.  The 
deproteination  is  preferable  to  hypochlorite  extraction 
in  isolating  pathologic  mineral  deposits  from 
bioprosthetic  materials  for  further  study. 
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This  investigation  was  performed  to  provide  a  com- 
prehensive physicochemical  characterization  of  clacific 
deposits  (CDs)  that  form  on  human  heart  valves  under 
various  pathological  conditions.  The  authors  examined 
and  characterized  CDs  associated  with  aortic  stenosis 
on  congenitally  bicuspid  valves  (n  =  10),  degenerative 
aortic  stenosis  on  valves  with  previously  normal  anat- 
omy (n  =  10),  an  Rheumatic  aortic  (n  =  10)  and  mitral 
(n  =  10)  stenosis.  Native  and  deproteinated  CDs  un- 
derwent chemical  analysis  and  structural  characteriza- 
tion, whereas  deproteinated  CDs  were  measured  for 
thermodynamic  solubility.  The  CDs  in  valvular  heart 
disease  were  microcrystalline  apatitic  products  con- 
taining substantial  amounts  of  sodium,  magnesium, 
carbonate,  fluoride,  and  organic  fraction. 
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International  organization  for  Standardization  Defini- 
tions of  reference  materials  and  NIST  definitions  are 
given  and  compared.  The  question  of  needs  for  special 
reference  materials  for  retrieved  implant  analysis  is 
raised  for  discussion. 
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A  near  infrared  (NIR)  method  using  the  5200/cm  ab- 
sorption of  water  has  been  employed  to  examine  water 
absorbed  in  photopolymerized  dental  resins  and  com- 


posites in  the  form  of  0.01  cm-  to  0.15  cm-thick  speci- 
mens. Water  sorption  was  determined  gravimetrically 
and  correlated  to  the  absorbance  in  the  NIR  spectrum. 
The  NIR  absorptivity,  epsilon,  of  water  absorbed  in  a 
polymeric  medium  was  found  to  be  inversely  related 
to  the  degree  of  hydrophilicity  and  hydrogen  bonding 
capability  of  the  polymer.  The  presence  of  water  clus- 
ters in  a  polyethylene  oxide  methacrylate  polymer  was 
inferred  from  convex-up  curvature  in  the  plot  of  epsilon 
vs.  water  content. 
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Various  types  of  protective  eyewear  are  available  for 
use  in  shielding  the  user's  eyes  from  the  harmful  ef- 
fects of  intense  laser  radiation.  Proper  protective 
eyewear  is  chosen  by  selecting  materials  whose  inher- 
ent transmission  characteristics  are  appropriate  for  the 
expected  laser  operating  conditions  (e.g.  wavelength, 
power  level,  etc).  For  convenience,  the  transmittance 
values  of  protective  eyewear  are  typically  expressed 
in  terms  of  optical  density  (i.e.  the  logarithm  to  the  base 
20  of  the  reciprocal  of  the  transmittance)  for  specific 
laser  wavelengths.  These  density  values  are  usually 
stamped  or  printed  on  the  eyewear  assemblies.  The 
paper  describes  the  measurement  methods  and  re- 
sults of  the  optical  density  measurements  performed 
on  designated  protective  eyewear  samples  at  several 
specific  laser  wavelengths.  The  measurement  configu- 
rations and  associated  measurement  error  sources  will 
also  be  reviewed. 


BUILDING  INDUSTRY 
TECHNOLOGY 


General 


00,797 

PB94-145976       PC  A04/MF  A01 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD. 

Use  of  Computer  Models  to  Predict  Temperature 
and  Smoke  Movement  in  High  Bay  Spaces. 

K.  A.  Notarianni,  and  W.  D.  Davis.  Dec  93,  64p, 
NISTIR-5304. 

Sponsored  by  National  Aeronautics  and  Space  Admin- 
istration, Greenbelt,  MD.  Goddard  Space  Flight  Cen- 
ter, and  Public  Buildings  Service,  Washington,  DC. 

Keywords:  *Bays(Structural  units),  "Fire  tests, 
"Computerized  simulation,  Warehouses,  Smoke,  In- 
dustrial buildings,  Plumes,  Hangars. 

Large  spaces,  such  as  those  found  in  warehouses,  his- 
torical buildings,  atriums,  and  aircraft  hangars,  rep- 
resent some  of  the  most  difficult  fire  protection  chal- 
lenges since  they  are  frequently  of  historical  signifi- 
cance, contain  large  quantities  of  fuel,  have  unique  ge- 
ometries, and/or  present  special  life  safety  problems. 
Accurate  detector  activation  predictions  are  important 
in  these  large  spaces,  as  timely  detection  of  a  fire  is 
more  difficult  due  to  the  distance  heat  and  products  of 
combustion  must  travel  to  reach  sprinklers  and  detec- 
tors. The  Building  and  Fire  Research  Laboratory 
(BFRL)  was  given  the  opportunity  to  make  measure- 
ments during  fire  calibration  tests  of  the  heat  detection 
system  in  an  aircraft  hangar  with  a  nominal  30.4  m 
(100  ft)  ceiling  height  near  Dallas,  TX.  Three  closed- 
door  tests  were  conducted. 
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The  document  contains  references  to  the  publications 
prepared  by  the  members  of  the  Building  and  Fire  Re- 
search Laboratory  (BFRL)  fire  research  staff,  by  other 
National  Institute  of  Standards  and  Technology  (NIST) 
personnel  for  BFRL,  or  by  external  laboratories  under 
contract  or  grant  from  the  BFRL  during  the  calendar 
year  1993. 
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The  paper  presents  the  reconstruction  of  the 
Happyland  Social  Club  fire  using  the  HAZARD  I  fire 
hazard  assessment  method  along  with  an  examination 
of  four  potential  mitigation  strategies:  automatic  sprin- 
klers, a  door  at  the  base  of  the  stairway  to  the  second 
floor,  a  second  means  of  egress  from  the  second  floor, 
or  a  noncombustible  interior  finish.  The  paper  con- 
cludes that  the  traditional  second  means  of  egress 
might  have  not  eliminated  the  observed  fatalities,  and 
that  the  noncombustible  interior  finish  or  sprinkler  op- 
tions would,  with  the  former  being  the  more  cost  effec- 
tive approach. 
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An  analysis  of  an  office  building  fire  was  made  using 
fire  modeling  techniques.  The  data  to  conduct  the  anal- 
ysis was  obtained  through  on-site  inspection  and  inter- 
views. The  analysis  describes  a  rapid  fire  developing 
in  easily  ignited  boxing  materials  that  flashed  over  in 
about  six  minutes  from  flame  initiation,  causing  failure 
of  the  ceiling  system,  venting  of  fire  products  in  the  ple- 
num system  above  the  ceiling,  and  rapid  filling  of  the 
entire  flow  area  with  smoke.  The  report  suggests  a  like- 
ly source  of  ignition  and  provides  analysis  of  the  impact 
that  several  fire  protection  systems  would  have  had 
were  they  present  at  the  time  of  the  fire. 
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This  report  studied  the  effectiveness  of  sprinklered  and 
nonsprinklered  fire  protection  options  in  small  Board 
and  Care  homes.  The  tools  used  to  compare  the  effec- 
tiveness of  these  fire  protection  options  were  mathe- 
matical fire  models,  experimental  data  and  docu- 


mented fire  incidents.  The  mathematical  models  esti- 
mated fire  protection  effectiveness  through  a  margin 
of  safety  analysis.  The  margin  of  safety  is  defined  in 
this  report  as  the  excess  time  an  evacuee  has  to  reach 
a  point  of  safety  before  that  evacuee's  exit  path  be- 
comes untenable.  The  margin  of  safety  calculations 
considered  fire  growth,  detection/alarm  activation, 
evacuee  egress  movement  and  smoke  tenability  anal- 
ysis. Two  egress  movement  plans  were  simulated;  one 
plan  reflected  necessary  movement  in  a  one-exit 
home,  the  second  plan  reflected  movement  in  a  two- 
exit  home.  Two  fast-growing,  large  flashover  fires  (with 
high  and  low  CO  production  rates)  and  a  small,  smol- 
dering fire  were  modeled.  Two  sets  of  full-scale 
spinklered  and  post-flashover  fire  experiments,  as  well 
as  61  documented  fire  incidents  were  included  in  the 
study  of  fire  protection  system  effectiveness. 
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A  method  for  quantifying  the  hazards  to  occupants  of 
buildings  from  fires,  and  the  relative  contribution  of 
specific  products  (e.g.,  furniture,  wire  insulation)  to 
those  hazards  is  presented.  The  method,  called  HAZ- 
ARD I,  combines  expert  judgement  and  calculations  to 
estimate  the  consequences  of  a  specified  fire.  These 
procedures  involve  four  steps:  (1)  defining  the  content, 
(2)  defining  the  scenario,  (3)  calculating  the  hazard, 
and  (4)  evaluating  the  consequences.  Steps  1,  2,  and 
4  are  largely  judgemental  and  depend  on  the  expertise 
of  the  user.  Step  3,  which  involves  use  of  the  extensive 
computer  software,  requires  considerable  expertise  in 
fire  safety  practice.  The  heart  of  HAZARD  I  is  a  se- 
quence of  computer  software  procedures  which  cal- 
culate the  development  of  hazardous  conditions  over 
time,  calculate  the  time  needed  by  building  occupants 
to  escape  under  those  conditions,  and  estimate  the  re- 
sulting loss  of  life  based  on  assumed  occupant  behav- 
ior and  tenability  criteria. 
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A  method  for  quantifying  the  hazards  to  occupants  of 
buildings  from  fires,  and  the  relative  contribution  of 
specific  products  (e.g.,  furniture,  wire  insulation)  to 
those  hazards  is  presented.  The  method,  called  HAZ- 
ARD I,  combines  expert  judgement  and  calculations  to 
estimate  the  consequences  of  a  specified  fire.  These 
procedures  involve  four  steps:  (1)  defining  the  content, 
(2)  defining  the  scenario,  (3)  calculating  the  hazard, 
and  (4)  evaluating  the  consequences.  Steps  1,  2,  and 
4  are  largely  judgmental  and  depend  on  the  expertise 
of  the  user.  Step  3,  which  involves  use  of  the  extensive 
computer  software,  requires  considerable  expertise  in 
fire  safety  practice.  The  heart  of  HAZARD  I  is  a  se- 
quence of  computer  software  procedures  which  cal- 


culate the  development  of  hazardous  conditions  over 
time,  calculate  the  time  needed  by  building  occupants 
to  escape  under  those  conditions,  and  estimate  the  re- 
sulting loss  of  life  based  on  assumed  occupant  behav- 
ior and  tenability  criteria. 
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Various  information  resources  are  discussed. 
FIREDOC,  the  online  bibliographic  database  of  the 
Building  and  Fire  Research  Laboratory's  literature  col- 
lection, is  discussed  in  depth  and  its  role  for  the  fire 
protection  engineer. 
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The  National  Institute  of  Standards  and  Technology 
has  developed  a  quantitative  method  for  evaluation  of 
fire  hazard,  HAZARD  I,  built  around  a  computer  soft- 
ware package  designed  for  use  on  a  personal  com- 
puter. This  system  permits  the  user  to  simulate  the 
consequences,  in  terms  of  loss  of  life,  injury,  or  ulti- 
mately property  damage  of  a  specified  fire  in  a  pre- 
scribed building.  The  paper  outlines  HAZARD  I  and  re- 
cent improvements  to  it,  and  reports  the  results  of  trial 
uses  of  this  new  tool.  The  steps  envisioned  for  the  ef- 
fective transfer  of  this  new  technology  within  the  fire 
safety  community  are  examined  and  the  implications 
of  it  for  fire  and  building  code  officials  are  drawn. 

00,200 

PB95-175220       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Fire  Safety  Engineering  Div. 
Developing  Rational  Performance-Based  Fire  Safe- 
ty Requirements  in  Model  Building  Codes. 
Final  rept. 

R.  W.  Bukowski,  and  V.  Babrauskas.  1994,  19p. 
Pub.  in  Fire  and  Materials  18,  p173-191  1994. 

Keywords:  'Building  codes,  'Fire  safety,  'Performance 
standards,  Fire  protection,  Risk  analysis,  Design 
standards,  Buildings,  Performance  tests,  Fire  tests, 
Japan.  United  States,  Reprints. 

The  technical  and  philosophical  basis  for  performance- 
based  assessment  of  building  fire  performance  is  re- 
viewed. A  strategy  for  the  evolutin  of  a  performance 
code  is  described.  Current  efforts  toward  the  develop- 
ment of  performance  codes  in  the  USA  and  Japan  are 
reviewed.  Recommendations  for  critical  steps  nec- 
essary to  advance  the  development  and  acceptance 
of  performance  codes  are  presented.  The  table  of  con- 
tents of  the  Japanese  risk  methodology  for  assessing 
'Article  38  equivalencies'  is  included  in  an  appendix. 
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San  Francisco  Fire  Department  released  a  report  that 
identified  problem  areas  encountered  following  the 
quake.  Despite  all  of  the  problems,  the  fire  department 
of  1 989  was  better  prepared  for  a  disaster  than  the  de- 
partment of  1906.  The  department  and  the  city  learned 
from  the  destruction  and  made  many  needed  changes. 


00,202 

PB95-1 75808       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD.  Fire  Safety  Engineering  Div. 

Fire  and  Smoke  Control:  An  Historical  Perspective. 

Final  rept. 

J.  H.  Klote.  1994,  5p. 

Pub.  in  American  Society  of  Heating,  Refrigeration  and 
Air-Conditioning  Engineers  Jnl.  36,  n7  p46-50  Jul  94. 

Keywords:  "Fire  prevention,  "Air  flow,  "Ventilation, 
"Historical  aspects,  Smoke  abatement,  Fire  safety, 
Fire  protection,  Safety  engineering,  Buildings,  Re- 
prints, "Smoke  control. 

In  commemoration  of  the  ASHRAE  Centennial,  the 
paper  is  a  brief  history  of  ASHRAE's  activities  in  fire 
and  smoke  control.  The  first  ASHRAE  fire  related  sym- 
posium marked  the  start  of  a  period  of  ASHRAE  fire 
related  activity  that  is  ongoing.  This  was  followed  by 
formation  of  a  Technical  Committee  5.6  on  Fire  and 
Smoke  Control.  In  those  early  years,  the  committee 
also  found  time  to  develop  a  chapter  for  the  ASHRAE 
handbook  and  to  play  a  vital  role  in  member  education. 
In  later  years,  the  committee  became  well  focused  and 
highly  efficient  at  most  every  aspect  of  technical  com- 
mittee effort. 
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The  overall  scope  of  this  research  is  to  investigate  the 
phenomena  that  control  the  generation  and  oxidation 
of  compartment  fire  exhaust  gases,  specifically  carbon 
monoxide  (CO),  total  unburned  hydrocarbons  (THC) 
and  soot,  which  are  transported  down  an  adjacent  cor- 
ridor. The  first  year  of  the  investigation  concentrated 
on  the  formation  of  exhaust  gases,  mainly  CO,  within 
the  compartment.  In  the  second  year,  a  hallway  was 
attached  to  the  compartment  in  such  a  manner  that  the 
gases  from  the  compartment  entered  at  the  ceiling  of 
the  corridor.  The  oxidation  of  the  exhaust  gases  down 
the  hallway  was  studied  for  a  corridor  having  no  soffits 
at  either  end.  During  the  past  year,  three  additional 
hallway  soffit  combinations  were  added  to  see  the  re- 
sults of  varying  the  fluid  mechanics  of  the  exhaust 
gases  within  the  hallway. 
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The  strategy  outlined  in  this  report  is  an  important  first 
step  towards  the  success  of  this  bold  national  con- 
struction goals  initiative  for  public  works  infrastructure. 
The  process  has  begun  with  this  initial  strategy;  it  will 


be  continued  through  the  monthy  (or  more  often)  meet- 
ings of  the  public  works  oversight  group,  commencing 
in  July  with  the  first  meeting  of  the  four  organizations 
who  have  stepped  forward  to  provide  the  initial  leader- 
ship for  this  vital  national  initiative. 


00,205 

PB96-102108       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD.  Fire  Safety  Engineering  Div. 

Fire  Codes  for  Global  Practice. 

Final  rept. 

R.  W.  Bukowski.  1995,  3p. 

Pub.  in  Progressive  Architecture,  p1 17-1 19  Jun  95. 

Keywords:  "Fire  safety,  "Building  codes,  "Design 
standards,  Fire  codes,  Safety  design,  Safety  engineer- 
ing, Fire  research,  Fire  hazards,  Buildings,  Design 
analysis,  Design  criteria,  Risk  management,  Compli- 
ance, Global,  Reprints. 

Architecture  in  a  world  economy,  with  multinational  cli- 
ents and  a  global  range  of  building  materials  and  sys- 
tems, demands  fire  codes  based  on  performance.  The 
International  Council  for  Building  Research  is  now 
working  on  methods  to  verify  compliance  under  per- 
formance-based fire  codes.  Performance  codes  will 
have  several  advantages:  code  objectives  clearly  stat- 
ed and  understood  by  all  parties,  and  analytical  meth- 
ods, data,  and  assumptions  formallized  in  a  single 
code  of  practice. 
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Fire  models  and  other  predictive  methods  are  becom- 
ing common  means  of  supporting  the  design  and  ar- 
rangement of  building  fire  safety  features  to  code  offi- 
cials where  strict  compliance  with  prescriptive  require- 
ments is  not  possible.  This  paper  provides  code  offi- 
cials faced  with  such  analyses  guidance  on  the  key 
elements  which  should  be  addressed  to  ensure  credi- 
bility. Guidelines  are  presented  covering  the  selection 
of  appropriate  models  and  methods,  design  fires,  evac- 
uation calculations,  sensitivity  and  uncertainty,  and 
documentation.  Some  comments  on  establishing  an 
independent  review  process  for  alternative  design 
analyses  and  on  certification  of  appropriate  methods 
are  included. 
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This  report  of  test  addresses  a  fire  experiment  con- 
ducted on  July  14,  1994  in  a  vacant  single  family  dwell- 
ing at  1315  South  Bristol  Street  in  Santa  Ana,  Califor- 
nia. Fire  phenomena  measured  included:  tempera- 
tures within  various  rooms,  the  velocity  and  tempera- 
ture of  outflowing  cases,  smoke  detector  activation 
times,  and  time  to  full  room  involvement. 
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The  nonadiabatic  nature  of  low-speed  combustion  and 
fire,  in  which  strongly  exothermic  reactions  produce 
large  temperture  variations  but  only  mild  pressure  vari- 
ations, can  cause  difficulty  when  integrating  zone  mod- 
els of  enclosure  fires.  Examples  of  simple  zone  fire 
models  are  examined  to  illustrate  the  analytical  nature 
of  the  problems  encountered.  These  difficulties  arise 
in  the  solution  of  the  equations  for  the  pressure  in  gen- 
eral enclosures  because  the  pressure  equilibrates 
much  more  rapidly  than  other  dynamical  variables.  Sin- 
gular perturbation  methods  and  phase  plane  analyses, 
together  with  numerical  integration  of  the 
nondimensionalized  equations,  are  employed  to  study 
the  stiff  nature  of  the  equations.  We  conclude  that 
many  of  the  difficulties  associated  with  numerical  inte- 
gration of  zone  fire  models  may  be  circumvented  by 
appropriate  analysis  of  the  zone  fire  model  equations. 
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A  postearthquake  fire  and  lifeline  workshop  sponsored 
by  the  Building  and  Fire  Research  Laboratory,  National 
Institute  of  Standards  and  Technology,  was  held  Janu- 
ary 30-31 ,  1 995,  in  Long  Beach,  California.  The  objec- 
tive of  the  workshop  was  to  identify  technology  devel- 
opment and  research  needs  that  will  be  used  in  devel- 
oping recommendations  to  reduce  the  number  and  se- 
verity of  postearthquake  fires.  The  workshop  partici- 
pants included  leaders  in  the  fire  service,  fire  protection 
engineering,  codes  and  standards,  insurance,  trans- 
portation systems,  and  water,  gas,  power  distribution, 
and  telecommunication  utilities  systems  with  experi- 
ence in  dealing  with  consequences  of  earthquakes. 
The  workshop  participants  developed  a  list  of  priority 
project  areas  where  further  research,  technology  de- 
velopment, or  information  collection  and  dissemination 
would  serve  as  a  vital  step  in  the  future  reduction  of 
the  losses  from  postearthquake  fires. 
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This  report  summarizes  a  large  number  of  investiga- 
tions designed  to  characterize  the  formation  of  carbon 
monoxide  (CO)  in  enclosure  fires-the  most  important 
factor  in  fire  deaths.  It  includes  a  review  analysis  of 
the  studies  which  form  the  basis  for  the  global  equiva- 
lence ratio  (GER)  concept.  Based  on  the  findings,  two 
completely  new  mechanisms  for  the  formation  of  CO, 
in  addition  to  the  quenching  of  a  fire  plume  by  a  rich 
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upper  layer,  which  is  described  by  the  GER  concept, 
are  identified. 
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As  information  technology  expands,  information  has 
become  more  readily  available  but  the  sources  of  this 
information  have  become  more  diverse.  Within  the  field 
of  fire  research  and  engineering,  it  has  become  more 
challenging  to  find  critical  information  because  tradi- 
tional sources  of  information  have  been  augmented  by 
a  variety  of  electronic  sources.  Looking  for  specific  in- 
formation used  to  be  performed  by  brute  force,  i.e., 
checking  the  library  card  catalog.  With  the  explosion 
in  computer  communication,  information  retrieval  has 
become  an  art  form.  The  fire  scientists  or  engineer 
must  develop  a  familiarity  with  a  wide  range  of  old  and 
new  methods  for  acquiring  information  as  well  as  stay- 
ing abreast  of  latest  developments.  Success  in  the  new 
world  order  of  information  science  will  go  to  the  well 
informed  user.  An  overview  of  print  and  electronic  re- 
sources that  are  described  in  this  paper  can  provide 
a  starting  point  for  responding  to  any  information  re- 
quest. 
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A  correlation  between  the  visible  height  of  a  flame  and 
the  power  output  of  the  flame  is  useful  for  a  number 
of  reasons.  Thus,  observation  of  a  fire  can  permit  one 
to  estimate  the  rate  of  heat  release  and  therefore  the 
fuel  flow  rate.  Again,  an  expression  for  the  flame  height 
is  needed  in  order  to  calculate  the  upward  flame 
spread  rate  on  walls.  It  is  therefore  important  that  such 
an  expression  be  reliable.  The  heights  of  flames  from 
line  burners  adjacent  to  walls  have  been  correlated  by 
a  number  of  workers. 
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The  paper  describes  fire  research  in  the  United  States 
and  particularly  the  fire  research  program  at  the  Na- 
tional Institute  of  Standards  and  Technology.  First,  it 
comments  on  the  background  to  this  program,  and 
then  describes  the  context  in  which  it  functions,  i.e., 
the  building  regulatory  and  product  approval  systems 
and  other  fire  research  activities  in  the  USA.  Next,  it 
outlines  the  rationale  for  NIST  fire  research  and  notes 
some  of  the  research  products  and  their  impacts. 
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The  paper  lays  out  a  framework  for  fire  safety  engi- 
neering based  on  scientific  tools  for  fire  safety  design 
and  decision-making.  These  tools  include  computer- 
based  models  for  fire  safety  hazard  and  risk  prediction, 
measurement  methods  to  provide  data  for  such  meth- 
ods, databases  and  expert  systems  to  provide  access 
to  them,  and  the  ultimate  integration  of  these  tools  with 
other  elements  of  computer-aided  design,  construction 
and  conformity  assessment.  The  paper  suggests 
needs,  roles  and  actions  required  to  bring  fire  safety 
engineering  to  the  level  of  sophistication  enjoyed  in 
most  other  areas  of  engineering  practice.  The  need  for 
international  cooperation  and  public-private  collabora- 
tion is  stressed. 
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The  Building  and  Fire  Research  Laboratory  engages 
in  research  and  development  of  mathematical  models 
of  fires  in  residential  buildings  together  with  human 
egress  of  the  building  occupants.  The  research  here 
analyzes  the  existing  approach  of  HAZARD  I,  together 
with  the  likely  modifications  incorporated  into  HAZARD 
II  (CONRAD2)  and  establishes  a  prototype  sensitivity 
analysis  equipped  fire  model  computer  program,  there- 
by evaluating  and  demonstrating  recently  obtained  re- 
sults on  the  mathematical  foundations  of  fire  models. 
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The  Brudsen-Holmes  method  of  power  spectrum  esti- 
mation for  the  Duffing-Holmes  oscillator  is  applied  to 
the  case  of  weak  quasiperiodic  excitation  and  then  ex- 
tended to  weak  colored  noise  excitation  with  any  speci- 
fied spectral  density.  A  novel  model  of  near-Gaussian 
noise  is  introduced  to  achieve  this  extension.  The  re- 
sults obtained  by  this  approach  coincide  with  and  ex- 
tend those  obtained  by  Stone  and  Holmes'  application 
of  the  Fokker-Planck  equation.  In  particular,  our  results 
confirm  Stone's  conjecture  that  the  expression  for  the 
mean  time  between  successive  maxima  in  the  case  of 
colored  noise  similar  to  that  for  white  noise. 
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Additive  noise  is  shown  to  induce  chaotic  motion  with 
sensitive  dependence  on  initial  conditions  in 
multistable  dynamical  systems.  This  establishes  a  fun- 
damental connection  between  two  fields  hitherto 
viewed  as  distinct:  deterministic  chaos  and  stochastic 
differential  equations  modeling  the  dynamics  of 
multistable  systems.  Our  results  for  additive  noise  are 
then  generalized  to  multiplicative  noise.  Using  a  newly 
introduced  model  of  shot  noise,  these  results  for  mul- 
tiplicative noise  are  applied  to  the  Duffing  oscillator 
with  shot  noise-like  dissipation. 
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Stochastic  differential  equations  and  classical  tech- 
nique related  to  the  Fokker-Planck  equation  are  stand- 
ard bases  for  the  analysis  of  nonlinear  systems  per- 
turbed by  noise.  An  alternative,  complementary  ap- 
proach applicable  to  systems  featuring  heteroclinic  or 
homoclinic  orbits  uses  phases  space  flux  as  a  measure 
of  noise-induced  chaotic  dynamics.  We  continue  our 
development  of  this  method,  extending  our  previous 
treatment  additive  noise  to  the  more  general  case  of 
multiplicative  noise.  This  extension  is  used  with  a  new 
model  of  shot  noise  to  treat  the  Duffing  oscillator  with 
shot  noise-like  dissipation. 
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Motivated  by  recent  numerical  investigations  according 
to  which  certain  types  of  deep-water  compliant  off- 
shore structures  may  experience  undesirable  chaotic 
motions,  two  types  of  experimental  structural  systems 
capable  of  exhibiting  chaotic  or  apparently  chaotic  be- 
havior were  studied.  The  first  type  of  system  is  a  har- 
monically forced  buckled  column  with  a  concentrated 
mass  at  midspan  and  with  pretensioned  continuous 
springs.  For  this  system  a  model  with  pretensioned 
continuous  springs.  For  this  system  a  model  with  ac- 
ceptable predictive  capabilities  can  be  constructed  if 
the  continuous  springs  are  represented  by  a  sufficient 
number  of  lumped  masses  with  discrete  stiffnesses. 
The  second  type  of  system  consists  either  of  a  gallop- 
ing square  bar  or  of  a  pair  of  parallel,  elastically  cou- 
pled galloping  square  bars.  Our  results  suggest  that 
the  behavior  of  this  type  of  system,  including  appar- 
ently chaotic  behavior,  can  be  described  at  least  to  a 
first  approximation  by  conventional  fluidelastic  models. 
However,  the  predictive  capabilities  of  such  models  are 
poor,  i.e.,  in  the  present  state  of  the  art  the  existence 
of  certain  types  of  hydroelastic  behavior  may  be  alto- 
gether missed  at  the  design  stage.  The  incorporation 
of  stochastic  excitations  in  the  models  to  account  for 
small  flow  irregularities  may  result  in  improved  pre- 
diction capabilities. 
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This  paper  address  this  new  era  of  fire  safety  engineer- 
ing, the  trends  and  other  factors  driving  it,  what  it 
means  to  how  we  provide  fire  safety  in  our  societies, 
and  why  an  international  strategy  for  its  further  devel- 
opment is  i  our  mutual  interest.  The  role  of  the  Forum 
for  International  Cooperation  on  Fire  Research  is  dis- 
cussed and  actions  are  suggested. 
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The  paper  reviews  the  development  and  current  state 
of  calculational  tools  for  fire  safety  engineering,  par- 
ticularly algebraic  equations  and  simple  models,  in  re- 
lation to  the  more  complex  zone  and  field  models  also 
being  used  in  practice.  Examples  of  some  of  the  more 
common  relations  are  presented  along  with  a  discus- 
sion of  their  important  limitations.  Some  comments  on 
accuracy  and  precision  are  included. 
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In  the  1980's,  computer  models  and  other  predictive 
methods  were  increasingly  applied  to  a  broad  range 
of  practical  problems  in  fire  safety.  Incertainties  in  the 
models'  predictions  were  no  greater  than  those  associ- 
ated with  the  traditional,  but  much  more  expensive  full- 
scale  experimental  studies.  Seperate,  multi-year  re- 
search projects  in  Japan  and  the  United  States  re- 
sulted in  the  publication  of  prototype  fire  hazard  analy- 
sis systems  which  demonstrated  the  ability  to  account 
for  the  complex  interaction  of  the  fire,  building,  active 
protection  systems,  occupant  actions,  and  detailed 
outcomes  including  damage  estimates  and  fatality 
counts. 
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The  International  Organization  for  Standardization's 
Technical  Committee  on  Fire  Tests  on  Building  Com- 
ponents and  Structures  (ISO  TC92)  has  performed  a 
new  Subcommittee,  SC4  -  Fire  Safety  and  Engineering 
to  extend  the  scope  of  the  Technical  Committee  to  in- 
clude calculation  methods  in  addition  to  standardized 
testing.  This  paper  outlines  the  scope,  organization,  di- 


rection, and  current  progress  on  each  of  these  efforts. 
The  UK  Code  of  Practice  on  the  Application  of  Fire  En- 
gineering Principles  to  Fire  Safety  of  Buildings,  cur- 
rently under  development,  is  being  offered  as  a 
strawman  for  a  logical  way  to  consider  the  many  pa- 
rameters and  interactions  involved  in  fire  risk  assess- 
ment. 
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This  work  extends  the  earlier  reduced-scale  enclosure 
(SRE)  study  to  a  full-scale  enclosure  (FSE)  and  fo- 
cuses on  comparing  the  gas  concentrations  and  tem- 
peratures of  the  upper  layers  and  the  ventilation  be- 
haviors of  the  two  compartments.  The  study  is  part  of 
a  larger  research  effort  which  is  designed  to  develop 
a  better  understanding  and  a  predictive  capability  for 
the  generation  of  carbon  monoxide,  the  major  toxicant 
in  fires.  The  findings  will  be  incorporated  into  realistic 
fire  models  and  used  in  the  development  of  strategies 
for  reducing  the  number  of  deaths  attributed  to  carbon 
monoxide. 
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PB96-177373       PC  A13/MF  A03 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD.  Fire  Science  Div. 

Innovation  in  the  Japanese  Construction  Industry: 

A  1995  Appraisal. 

Special  pub. 

R.  G.  Gann.  Mar  96,  262p,  NIST/SP-898. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 

03401-1. 

Keywords:  'Japan.  'Construction  industry,  'Research 
and  development,  Technology  innovation,  Construc- 
tion materials,  Safety  engineering,  Construction  man- 
agement. 

The  objective  of  the  project  is  to  provide  an  evaluation 
of  the  state-of-the-art  of  the  various  aspects  of  the  Jap- 
anese building  and  construction  industry,  featuring 
comparison  with  the  U.S.  counterparts.  To  accomplish 
this  task,  a  team  of  experts  was  assembled  in  the  tech- 
nical areas  to  be  included  in  the  assessment.  The  ex- 
perts were  selected  from  the  industry,  academia,  and 
research  laboratories. 
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PB96-183074       PC  A08/MF  A02 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Fire  Safety  Engineering  Div. 
Publications  1995:  NIST  Building  and  Fire  Re- 
search Laboratory. 
Special  pub. 

N.  H.  Jason.  Apr  96,  140p,  NIST/SP-838/9. 

Also  available  from  Supt.  of  Docs,  as  SN003-003-003- 

03408-8.  See  also  PB95-270047. 

Keywords:  'Research  laboratories,  'US  NIST, 
'Bibliographies,  Research  programs,  Buildings,  Fire 
safety,  Standards,  Documents,  Hazards. 

Building  and  Fire  Research  Laboratory  Publications, 
1995  contains  references  to  the  publications  prepared 
by  the  members  of  the  Building  and  Fire  Research 
Laboratory  (BFRL)  staff,  by  other  National  Institute  of 
Standards  and  Technology  (NIST)  personnel  for 
BFRL,  or  by  external  laboratories  under  contract  or 
grant  from  the  BFRL  during  the  calendar  year  1995. 
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PB96-190137       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD.  Fire  Safety  Engineering  Div. 

Locating  Fire  Information. 

Final  rept. 

N.  H.  Jason.  1996,  8p. 
See  also  PB95-161188. 


Pub.  in  INTERFLAM  '96,  International  Interflam  Con- 
ference (7th),  Cambridge,  England,  March  26-28, 
1996,  p691-698. 

Keywords:  'Fire  research,  'Computer  systems  pro- 
grams, 'Databases,  Information  retrieval,  Information 
systems,  Bibliographies,  Fire  protection,  Fire  safety, 
Fires,  Fire  hazards.  Online  systems,  Information  dis- 
semination, Reprints,  Electronic  resources. 

Locating  the  best  reference  or  answer  to  a  specific 
question  in  fire  science  may  be  difficult.  There  are 
standard  reference  books  and  journals  that  may  be 
used.  New  sources  continue  to  become  available,  in 
particular,  electronic  tools  that  are  available  inter- 
nationally. This  discussion  will  center  on  developing  an 
information  tool  kit  identifying  resources  from  the  print 
media,  multitopic  bibliographic  databases,  fire 
databases,  and  the  World  Wide  Web,  to  enable  one 
to  find  the  answer  from  either  the  traditional  print  media 
or  an  electronic  resource. 


00,228 

PB96-193743       PC  A05/MF  A01 

Washington  State  Univ.,  Pullman.  Dept.  of  Mechanical 

and  Materials  Engineering. 

Development  of  an  Economical  Video  Based  Fire 
Detection  and  Location  System. 

O.  A.  Plumb,  and  R.  F.  Richards.  Jul  96,  73p,  NIST/ 
GCR-96/695. 

Grant  NIST-60NANB2D1290 

Sponsored  by  National  Inst,  of  Standards  and  Tech- 
nology, Gaithersburg,  MD. 

Keywords:  'Fire  detection  systems,  'Video  recording, 
Smoke  detectors,  Position(Location),  Computerized 
simulation. 

In  the  report  we  present  the  results  of  work  directed 
toward  the  development  of  a  working  prototype  of  a 
system  that  can  automatically  detect,  locate,  and  size 
an  accidential  fire.  The  fire  detection  system  uses  a 
video  camera  to  gather  temperature  data  from  an  array 
of  temperature-sensitive,  color-changing  sensors  dis- 
tributed around  a  compartment,  and  a  personal  com- 
puter based  inverse  problem  solution  algorithm  to  de- 
termine the  fire's  location  and  heat  release  rate  using 
the  gathered  temperature  data.  Such  a  system  offers 
great  promise  for  use  in  industrial  facilities  such  as 
warehouses  and  factor  floors  which  combine  signifi- 
cant fire  risks  with  minimal  human  monitoring  for  ex- 
tended periods. 
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PB96-195508       PC  A06/MF  A01 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacksburg. 

Dept.  of  Mechanical  Engineering. 

Dynamics,  Transport  and  Chemical  Kinetics  of 

Compartment  Fire  Exhaust  Gases. 

Annual  rept.  Sep  94-Sep  95. 

U.  Vandsburger,  and  R.  J.  Roby.  Jun  96,  77p,  NIST/ 

GCR-96/688. 

Grant  NANB1D1176 

See  also  PB95-231700.  Prepared  in  cooperation  with 
Hughes  Associates,  Inc.,  Baltimore,  MD.  Sponsored  by 
National  Inst,  of  Standards  and  Technology, 
Gaithersburg,  MD. 

Keywords:  'Combustion  kinetics,  'Thermodynamics, 
'Flame  propagation,  Gases,  Smoke,  Fires,  Combus- 
tion products.  Burning  rate,  Thermochemistry,  Airflow, 
Fire  chemistry,  Fire  research,  'Compartment  fires, 
Hallways. 

The  investigation  focuses  on  the  transport  of  carbon 
monoxide  (CO)  away  from  a  burning  compartment  and 
the  conditions  necessary  for  the  existence  of  fatally 
high  concentrations  of  CO  at  remote  locations.  During 
the  past  year,  the  research  has  concentrated  on  the 
transport  of  CO  away  from  a  reduced-scale  burning 
compartment  located  on  the  side  of  the  end  of  a  hall- 
way. High  levels  of  CO  were  transported  to  remote  lo- 
cations by  limiting  the  air  entrainment  into  the  plume 
of  compartment  fire  gases  entering  the  hallway.  The 
non-uniform  transport  of  combustion  gases  down  the 
hallway  explains  the  locations  of  fatalities  in  previously 
reported  fires. 
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Benefits  and  Costs  of  Research:  Two  Case  Studies 
in  Building  Technology. 

R.  E.  Chapman,  and  S.  K.  Fuller.  Jul  96,  117p, 
NISTIR-5840. 

Keywords:  'Buildings,  "Research  management,  Cost 
benefit  analysis,  Case  studies,  Economic  analysis, 
Construction  management,  Energy  conservation,  Life 
cycle  costs. 

This  report  is  the  outgrowth  of  a  series  of  microstudies 
prepared  by  NIST's  Building  and  Fire  Research  Lab- 
oratory (BFRL).  This  report  has  four  major  purposes. 
First,  it  examines  five  standardized  methods  for  evalu- 
ating existing  and  past  research  projects.  Second,  it 
establishes  a  framework  for  identifying,  classifying, 
quantifying,  and  analyzing  the  benefits  and  costs  of  a 
research  project,  of  a  research  program,  or  of  a  new 
technology.  Third,  it  presents  a  generic  format  and  a 
set  of  guidelines  for  summarizing  the  economic  im- 
pacts or  alternative  research  investments.  Fourth,  it  il- 
lustrates-by  way  of  two  case  studies-how  the  frame- 
work and  standardized  methods  would  be  applied  in 
practice. 


00,231 

PB96-202247       PC  A04/MF  A01 

National  Fire  Protection  Association,  Quincy,  MA.  Fire 

Analysis  and  Research  Div. 

Enhancement  of  EXIT89  and  Analysis  of  World 
Trade  Center  Data. 

Final  rept. 

R.  F.  Fahy.  Jun  96,  48p,  NIST/GCR-95/684. 
Grant  NIST-NANB4D1584 

Sponsored  by  National  Inst,  of  Standards  and  Tech- 
nology (BFRL),  Gaithersburg,  MD. 

Keywords:  'Evacuation,  'Fire  safety,  'Human  behav- 
ior, Fire  hazards,  Smoke,  Escape(Abandonment), 
Exits,  Egress,  Decision  making,  Office  buildings,  Sur- 
veys, Computerized  simulation,  'EXIT89  computer 
model,  Emergency  escape,  World  Trade  Center,  New 
YorkCity(New  York). 

The  features  of  an  enhanced  model  for  egress  from 
fires  in  non-residential  occupancies  is  presented  along 
with  a  users  manual  describing  the  use  of  the  model. 
The  enhancements  to  the  model  include  analysis  of  lo- 
cations of  safety,  smoke  blockages,  disabled  occu- 
pants, and  delays  in  egress.  Comparisons  with  some 
available  field  measurements  is  presented.  Further 
analysis  of  human  behavior  during  a  fire  in  the  World 
Trade  Center  is  presented.  While  previous  human  be- 
havior studies  have  shown  that  people  will  move 
through  smoke,  this  incident  demonstrated  that  people 
will  not  only  move  through  smoke,  but  also  through 
worsening  conditions.  Implications  for  evacuation  and 
training  are  discussed. 
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PB96-202288       PC  A06/MF  A01 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD.  Office  of  Applied  Economics. 

Benefits  and  Costs  of  Research:  A  Case  Study  of 

the  Fire  Safety  Evaluation  System. 

Final  rept. 

R.  E.  Chapman,  and  S.  F.  Weber.  Jul  96,  93p, 

NISTIR-5863. 

See  also  PB96-202221. 

Keywords:  'Fire  safety,  'Research  management,  Ben- 
efit cost  analysis,  Case  studies,  Investments,  Build- 
ings, Life  cycle  costs,  Hospitals,  Nursing  homes. 

This  report  focuses  on  a  critical  analysis  of  the  eco- 
nomic impacts  from  past  BFRL  research  efforts  leading 
to  the  development  and  introduction  of  the  perform- 
ance-based Fire  Safety  Evaluation  System  (FSES)  for 
hospital  and  nursing  home  occupancies.  The  FSES 
was  developed  as  an  alternative  to  prescriptive  compli- 
ance to  the  Life  Safety  Code  for  hospitals  and  nursing 
homes  participating  in  the  Medicare  and  Medicaid  pro- 
grams. The  case  study  estimates  the  cost  saving  from 
using  FSES-based  modifications  to  promote  fire  safety 
in  existing  hospitals  and  nursing  homes  over  the  period 
from  1975  through  1995. 
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PB97-114235       PC  A04/MF  A01 

Maryland  Univ.,  College  Park.  Dept.  of  Fire  Protection 

Engineering. 

Survey  of  Fuel  Loads  in  Contemporary  Office 
Buildings. 

T.  C.  Caro,  and  J.  A.  Milke.  Sep  96,  35p,  NIST/GCR- 
96/697. 

Grant  NIST-60NANB4D1625 

Sponsored  by  National  Inst,  of  Standards  and  Tech- 
nology (BFRL),  Gaithersburg,  MD. 


Keywords:  'Office  buildings,  'Fire  safety,  Federal 
buildings,  Combustion,  Flammability,  Surveys,  Fur- 
niture, Books,  Papers. 

The  method,  used  in  the  latest  study  performed  in 
1975,  for  surveying  offices  to  determine  fuel  load  esti- 
mates is  presented.  The  frequency  distribution  for  the 
estimates  of  the  fuel  load  found  in  the  study  are  pre- 
sented. Two  methods  for  determining  movable  fuel 
load  are  utilized  in  this  study.  Movable  fuel  load  is  con- 
sidered to  be  the  furniture,  equipment,  and  other  items 
brought  in  for  the  service  of  the  occupants  after  con- 
struction of  the  building.  Direct  weighing  techniques 
are  utilized  in  both  methods.  In  one  method,  the  office 
contents  are  taken  from  their  operational  location  and 
weighed.  The  second  method,  weighs  the  office  con- 
tents when  packaged  for  either  relocation  or  remodel- 
ing purposes.  Surveys  were  conducted  in  buildings  at 
the  University  of  Maryland  College  Park  and  at  the 
General  Services  Administration  (GSA)  Headquarters 
Building  in  Washington,  D.C. 
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PB97-114250       PC  A04/MF  A01 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD. 

Summary  of  Federal  Construction  and  Building  R 
and  D  in  1994. 

S.  McGaraghan.  Sep  96,  38p,  NISTIR-5849. 
Prepared  in  cooperation  with  Department  of  Energy, 
Washington,  DC. 

Keywords:  'Federal  building,  'Construction,  'Research 
and  development,  Tables(Data),  Contracts, 
Databases,  US  DOA,  US  DOC,  US  DOD,  US  DOE, 
US  EPA,  US  DOT,  US  HHS,  NSF(National  Science 
Foundation). 

In  1994,  the  federal  government  supported  approxi- 
mately $70  billion  of  research  and  development  (R&D) 
in  many  different  areas  through  a  wide  variety  of  gov- 
ernment agencies  and  contractors.  Because  the  work 
is  spread  among  so  many  different  entities,  it  can  be 
difficult  to  develop  a  clear  picture  of  the  work  being 
done  in  any  one  area.  In  response  to  this,  a  new 
database  has  been  developed  which  tracks  funding 
from  the  appropriation  down  to  the  project  award  level, 
allowing  for  comprehensive  searches.  The  study, 
found  that  approximately  $566  million  was  spent  on 
R&D  for  construction  and  building  in  1994.  Two  agen- 
cies, the  Department  of  Defense  and  the  Department 
of  Energy,  together  account  for  nearly  75%  of  the  total. 
In  all,  12  agencies  were  found  to  have  supported  R&D 
in  this  area. 
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PB97-1 14482       PC  A07/MF  A02 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Fire  Safety  Engineering  Div. 
Fire  Safety  Engineering  in  the  Pursuit  of  Perform- 
ance-Based Codes:  Collected  Papers. 
R.  W.  Bukowski.  Oct  96,  109p,  NISTIR-5878. 

Keywords:  'Fire  safety,  'Building  codes,  'Research 
and  development,  Safety  engineering,  Smoke,  Fire 
hazards,  Risk,  Performance  standards. 

This  is  a  collection  of  papers  on  the  application  of  mod- 
ern fire  safety  engineering  concepts  to  the  evaluation 
of  building  performance  in  the  context  of  performance- 
based  codes. 
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PB97-116081        PC  A04/MF  A01 

Maryland  Univ.,  College  Park.  Dept.  of  Fire  Protection 

Engineering. 

Full-Scale  Room  Fire  Experiments  Conducted  at 
the  University  of  Maryland. 

Test  rept. 

J.  A.  Milke,  and  S.  M.  Hill.  25  Jun  96,  34p,  NIST/ 
GCR-96/703. 

Sponsored  by  National  Inst,  of  Standards  and  Tech- 
nology (BFRL),  Gaithersburg,  MD. 

Keywords:  'Fire  tests,  'Residential  buildings,  Fur- 
niture, Chairs,  Desks,  Tables,  Bedding  equipment, 
Mattresses,  Flashover. 

Two  full  size  furnished  bedrooms  were  burned,  June 
5  and  June  6,  at  the  University  of  Maryland  Fire  and 
Rescue  Institute  Facilities.  These  burns  were  per- 
formed for  two  cooperating  agencies;  The  Alcohol,  To- 
bacco and  Firearms  Agency  of  the  Treasury  Depart- 
ment, who  used  them  as  part  of  their  Certified  Fire  In- 
vestigator training,  and  the  Building  and  Fire  Research 
Laboratory  of  NIST,  who  used  them  for  forensic  re- 


search. It  was  intended  that  these  two  burns  be  iden- 
tical, to  see  if  close  analysis  of  the  results  would  find 
differences.  There  were  differences,  possibly  due  to 
small  differences  in  the  inflow  of  ventilation  air.  In  both 
cases,  ignition  was  caused  by  burning  newspaper  on 
an  upholstered  chair.  This  report  describes  the  test  ar- 
rangement and  instrumented  results. 
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PB97-116131        PC  A10/MF  A02 
Maryland  Univ.,  College  Park.  Dept.  of  Mechanical  En- 
gineering. 

Fire  Protection  Foam  Behavior  in  a  Radiative  Envi- 
ronment. 

Final  rept.  Sep  95-Sep  96. 

C.  F.  Boyd,  and  M.  di  Marzo.  Oct  96,  184p,  NIST/ 
GCR-96/702. 

Grant  NIST-60NANB5D0136 

Sponsored  by  National  Inst,  of  Standards  and  Tech- 
nology (BFRL),  Gaithersburg,  MD. 

Keywords:  'Fire  protection,  'Foam,  FORTAN,  Numeri- 
cal analysis,  Mathematical  models,  Thermal  radiation. 

The  overall  objective  of  the  current  research  program 
is  to  identify  the  parameters  associated  with  the  per- 
formance of  fire-righting  foams  used  to  protect  struc- 
tures from  heat  and  fire  damage.  Specifically,  the  cur- 
rent research  focuses  on  the  destruction  of  a  fire-fight- 
ing foam  subjected  to  heat  radiation.  A  numerical 
model  which  predicts  the  foam's  properties  during  the 
destruction  process  is  sought.  The  model  is  developed 
using  experimental  measurements  and  observations 
as  a  guide.  Experimental  results  and  the  numerical 
model  are  used  to  identify  the  role  of  the  various  pa- 
rameters which  govern  the  foam's  behavior. 
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PB97-1 16222       PC  A03/MF  A01 

Maryland  Univ.,  College  Park.  Dept.  of  Fire  Protection 

Engineering. 

Evaluation  of  Survey  Procedures  for  Determining 
Occupant  Load  Factors  in  Contemporary  Office 
Buildings. 

J.  A.  Mifke,  and  T.  Caro.  Jun  96,  25p,  NIST/GCR-96/ 

698. 

Grant  NIST-60NANB4D1625 

Sponsored  by  National  Inst,  of  Standards  and  Tech- 
nology (BFRL),  Gaithersburg,  MD. 

Keywords:  'Office  buildings,  'Fires,  Furniture,  Fuels, 
Surveys,  Flammability,  Federal  buildings. 

The  development  of  survey  methods  for  determining 
the  occupant  load  in  office  buildings  (business  occu- 
pancies) is  described.  Considerations  involved  in  for- 
mulating the  survey  methods  are  presented.  The  type 
of  data  to  be  collected  and  data  collection  techniques 
are  discussed.  The  two  survey  methods  utilized  to  col- 
lect the  population  counts  within  contemporary  office 
building  are  a  building  walk-through  and  a  telephone 
survey.  Occupant  load  data  obtained  from  the  survey 
methods  applied  in  23  office  buildings  located  in  the 
Washington,  DC  area  are  presented.  Data  are  pre- 
sented on  the  magnitude  and  distribution  of  the  loads. 
The  building  data  is  sorted  according  to  the  following 
groups:  open  plan  office  designs  versus  well-compart- 
mented  office  designs,  and  government  (federal  and 
county)  versus  privater  sector  tenants.  Statistical  sum- 
maries of  the  data  are  presented. 
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Manual  for  Ventilation  Assessment  in  Mechanically 
Ventilated  Commercial  Buildings. 

A.  K.  Persily.  Jan  94,  128p,  NISTIR-5329. 
See  also  PB92-145374  and  PB93-1 13595.  Sponsored 
by  Environmental  Protection  Agency,  Washington,  DC. 
Office  of  Air  and  Radiation,  and  Bonneville  Power  Ad- 
ministration, Portland,  OR. 

Keywords:  'Office  buildings,  'Air  quality,  'Ventilation, 
Space  HVAC  systems.  Indoor  air  pollution,  Air  flow, 
Ducts,  Comfort.  . 

The  manual  describes  procedures  for  assessing  ven- 
tilation system  performance  and  other  aspects  of  build- 
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ing  ventilation  in  mechanically  ventilated  commercial 
buildings.  These  procedures  are  intended  to  provide 
basic  information  on  building  ventilation  for  comparing 
ventilation  performance  to  standards,  guidelines  and 
building  design  values  and  for  investigating  indoor  air 
quality  problems.  The  procedures  in  the  manual  are 
based  on  established  measurement  techniques  and 
available  instrumentation  and  provide  practical  means 
for  obtaining  reliable  information  on  ventilation  per- 
formance. 
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PB94-165982       PC  A04/MF  A01 
National  Inst,  of  Standards  and  Technology  (CAML), 
Gaithersburg,  MD.  Office  of  Applied  Economics. 
Least-Cost  Energy  Decisions  for  Buildings:  Part  2. 
Uncertainty  and  Risk  Video  Training  Workbook. 
H.  E.  Marshall.  Apr  93,  53p,  NISTIR-5178. 
See  also  PB89-1 29522  and  PB90-232810.  Sponsored 
by  Federal  Energy  Management  Program,  Washing- 
ton, DC. 

Keywords:  'Buildings,  'Investments,  "Economic  analy- 
sis, "Energy  conservation,  'Risk,  Training  films,  Deci- 
sion making,  Cost  analysis,  Financing. 

This  workbook  accompanies  the  video  training  film 
'Uncertainty  and  Risk:  Least-Cost  Energy  Decisions  for 
Buildings'.  The  workbook  and  its  companion  video  are 
the  second  in  a  series  of  training  video-workbook  pack- 
ages designed  to  assist  you  in  using  economic  analy- 
sis to  improve  the  long-run  economy  of  your  buildings. 
The  workbook  supports  the  video  in  providing  some  of 
the  fundamentals  for  measuring,  describing,  and  inter- 
preting uncertainty  and  risk  in  economic  evaluations  of 
energy  conservation  and  other  projects. 
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The  work  of  Commission  Internationale  de  I'Eclairage 
(CIE)  TC  3.16  on  'Psychological  Response  to  Lighting' 
is  described.  The  committee  is  charged  with  reviewing 
the  literature  on  the  psychological  response  to  lighting 
and  preparing  a  report  for  CIE.  The  committee  has 
identified  about  260  research  documents,  developed 
a  framework  for  review,  prepared  an  outline,  abstract- 
ed about  60%  of  the  documents  and  developed  an  ini- 
tial draft.  Tentative  output  from  the  draft  is  described 
in  the  area  of  preferred  task  illuminance,  glare,  adapta- 
tion level,  luminance  distributions,  light  source  position 
and  extent,  light  source  characteristics  such  as  color 
temperature,  color  rendering  and  daylight,  and  dy- 
namic temporal  effects  such  as  flicker,  variation,  and 
photobiology.  A  list  of  references  is  included. 
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Fire  safety  decisions  typically  involve  difficult  choices 
between  safety,  cost  and  functionality.  Obviously, 
buildings  could  be  made  completely  fire  safe  by  mak- 
ing sure  they,  and  their  contents  simply  do  not  burn, 
or  by  providing  technologies  that  would  clearly  over- 
power any  possible  fire  threat.  Unfortunately,  few 
would  like,  could  afford  or  would  be  comfortable  in 
such  surroundings.  Typically,  the  cost  and  functionality 
aspects  of  designs  and  products  are  well  understood 
and  effectively  communicated.  However,  until  recently 


means  have  not  been  available  to  quantify  the  fire  haz- 
ard or  risk  people  face,  or  to  measure  the  effectiveness 
of  fire  protection  technologies  in  specific  real  world  sit- 
uations. The  paper  reviews  the  status  and  potential  of 
new  tools  for  evaluating  fire  hazard  and  risk,  cites  ex- 
amples of  recent  applications,  and  offers  observations 
relevant  to  the  current  debate  on  the  best  means  to 
provide  fire  safety  in  residential  and  commercial  build- 
ings. 
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Local  age  of  air  and  air  change  effectiveness  were  de- 
termined in  two  office  buildings  using  tracer  gas  tech- 
niques to  study  the  applicability  of  the  associated 
measurement  procedures  in  the  mechanically  venti- 
lated office  buildings.  Measurement  issues  examined 
include  the  establishment  of  a  uniform  tracer  gas  con- 
centration at  the  start  of  the  test  and  the  relationship 
of  ventilation  system  configuration  and  system  oper- 
ation to  the  test  procedure.  Air  change  effectiveness 
was  determined  at  locations  in  the  occupied  space 
based  on  the  local  age  of  air  at  that  location  and  the 
age  of  air  in  the  corresponding  ventilation  system  re- 
turn duct.  These  tests  provide  data  on  air  change  effec- 
tiveness to  supplement  the  limited  database  on  me- 
chanically ventilated  office  buildings  in  the  U.S.  In  addi- 
tion, the  experience  obtained  with  the  measurement 
procedures  will  assist  in  the  development  of  a  stand- 
ardized approach  to  measuring  air  change  effective- 
ness in  the  field. 
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The  technical  highlights  from  the  recent  IESNA  Con- 
ference in  Baltimore,  MD  are  summarized  in  some  de- 
tail. At  the  session  48  papers  on  lighting  research, 
technology,  design  and  application  were  presented. 
Topics  discussed  included  light  sources  and  conserva- 
tion issues  for  displays;  efficiency  standards  for  lamps; 
daylight  measurement  and  modeling;  lamp  perform- 
ance including  fluorescent,  incandescent,  metal  halide, 
high  pressure  sodium,  and  special  sources;  tunnel  and 
roadway  lighting;  measurement  and  controls;  modeling 
and  lighting  geometry;  calculations;  visibility  and  visual 
performance;  computer  graphics;  and  VDT's.  Issues 
relating  to  energy  conservation,  such  as  efficiency 
standards,  daylighting,  and  new  lamp  technology  gen- 
erated considerable  attention,  as  did  papers  on  lighting 
and  conservation  as  well  as  computer  graphics  as  a 
design  tool. 
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A  Building  Emulator/EMCS  Tester  emulates  a  building 
and  its  mechanical  system  in  real  time.  The  Emulator/ 
Tester  is  connected  to  the  Energy  Management  and 
Control  System  (EMCS)  in  place  of  the  regular  sensors 
and  actuators.  The  EMCS  then  controls  the  simulated 
building  as  it  would  a  real  building,  while  the  Emulator/ 
Tester  evaluates  the  EMCS  performance.  An 
Emulator/Tester  has  been  developed  by  the  National 
Institute  of  Standards  and  Technology  (NIST).  Two 
studies  were  performed.  The  first  involved  a  model  of 
a  building  operated  in  the  heating  mode,  while  the  sec- 
ond consisted  of  the  building  air  handling  system  sup- 
plying conditioned  air  to  a  single  building  zone  during 
summer  operation.  Both  studies  showed  good  agree- 
ment between  the  simulation  and  emulation  results.  An 
exercise  using  the  Emulator/Tester  to  facilitate  the  tun- 
ing of  local  control  loops  was  performed.  Two  different 
tuning  methods  were  explored.  Information  is  also  pre- 
sented on  how  the  Emulator/Tester  can  be  used  for 
training,  commissioning  EMCS  software,  and  develop- 
ing new  control  algorithms. 
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As  radiometric  lamp  standards  improve,  the  need  to 
set  lamp  current  to  specific  values  becomes  more  im- 
portant. Commercially  available  power  supplies  typi- 
cally provide  1 2  bit  internal  digital-to-analog  logic  which 
permits  current  control  with  a  relative  expanded  uncer- 
tainty of  about  1  part  in  4096,  corresponding  to  an  ex- 
panded uncertainty  of  the  current  of  about  2  mA  at  8 
A  (in  this  paper,  expanded  uncertainties  are  given  as 
2  standard  deviations).  For  the  FEL-type  standard 
spectral  irradiance  lamp,  this  corresponds  to  a  spectral 
irradiance  difference  of  0.12%  at  655  nm.  The  authors 
have  developed  a  technique  using  1 6  bit  digital-to-ana- 
log conversion  which  permits  current  control  with  a  rel- 
ative expanded  uncertainty  of  about  1  part  in  65536, 
corresponding  to  an  expanded  uncertainty  of  the  cur- 
rent of  about  0.1  mA  at  8  A. 
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Mechanical  ventilation  system  performance  involves 
the  provision  of  adequate  amounts  of  outdoor  air,  uni- 
form distribution  of  ventilation  air  within  the  occupied 
space,  and  the  maintenance  of  thermal  comfort.  Stand- 
ardized measurement  techniques  exist  to  evaluate 
thermal  comfort  and  air  exchange  rates  in  mechani- 
cally ventilated  buildings;  field  techniques  to  evaluate 
air  distribution  or  ventilation  effectiveness  are  still 
being  developed.  The  paper  presents  field  measure- 
ments of  air  exchange  rates  and  ventilation  effective- 
ness in  an  office/library  building  in  Washington  D.C. 
The  tracer  gas  decay  technique  was  used  to  measure 
whole  building  air  exchange  rates.  Ventilation  effec- 
tiveness was  investigated  at  several  locations  within 
the  building  through  the  measurement  of  local  tracer 
gas  decay  rate  and  mean  local  age  of  air.  The  ventila- 
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tion  effectiveness  measurements  serve  as  an  inves- 
tigation of  the  applicability  of  the  measurement  proce- 
dures employed,  providing  insight  into  the  measure- 
ment issue  of  establishing  initial  conditions,  the  spatial 
variation  in  tests  results  within  a  building,  and  the 
repeatability  between  tests. 
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Concern  exists  for  low  volume  fixture  flows  from  water 
conserving  plumbing  fixtures  and  devices  discharged 
into  the  drainage  system  to  perform  the  functions  for 
waste  removal,  transport  and  clearing  the  drains.  Re- 
duced flow  rates  and  volumetric  limits  on  water  con- 
sumption for  plumbing  fixtures  and  appliances  for  the 
water  saving  plumbing  products  are  proposed  in  na- 
tional legislation  introduced  in  the  U.S.  Congress.  Re- 
search, experiments  and  test  measurements  in  both 
laboratories  and  actual  field  installments  are  reviewed. 
Conditions  included  measured  solid  waste  transport 
from  water  closet  discharges  into  drainlines  and  load- 
ing conditions  for  a  variety  of  laboratory  type  simulants 
applicable  for  test  methods  in  standards.  Data  shows 
that  sweeping  of  wastes  through  the  drainage  piping 
with  low  flows  can  be  accomplished.  The  application 
of  selected  research  results  in  the  preparation  of  test 
method  procedures  for  plumbing  standards  is  dis- 
cussed, e.g.,  drainline  waste  transport  test  of  low  flush 
water  closets.  Computer  modeling  calculations  and 
data  show  the  'carry  out'  of  the  waste  solids  from  the 
building  to  the  sewer,  or  septic  system,  may  occur  in 
a  series  of  successive  carries  and  not  necessarily  from 
a  single  discharge  of  a  fixture. 
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NIST  has  completed  the  first  phase  of  a  project  to 
study  the  impact  of  HVAC  systems  on  residential  in- 
door air  quality  and  to  assess  the  potential  for  using 
residential  forced-air  systems  to  control  indoor  pollut- 
ant levels.  This  project  will  use  computer  simulations 
to  assess  the  ability  of  modifications  to  central  forced- 
air  heating  and  cooling  systems  to  control  the  con- 
centrations of  selected  pollutants  in  single-family  resi- 
dential buildings.  The  first  phase  consisted  of  three 
major  efforts:  conducting  a  literature  review,  develop- 
ing a  plan  for  computer  analysis,  and  holding  an  expert 
workshop  to  discuss  the  plan.  The  second  phase  of 
the  project  will  involve  performing  the  computer  simula- 
tions and  analyzing  the  results.  This  report  details  the 
results  of  the  Phase  I  efforts.  The  objective  of  the  lit- 
erature review  was  to  obtain  information  for  planning 
computer  simulations  that  will  be  performed  in  Phase 
II  of  the  project. 
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Lighting  in  commercial  buildings  is  the  single  largest 
user  of  electric  energy,  typically  ranging  from  25  to  50 
percent  of  total  building  electrical  energy  requirements. 
The  performance  of  the  dominant  commercial  light 
source,  the  fluorescent  lamp,  is  strongly  dependent  on 
thermal  conditions:  Both  lamp  light  output  and  power 
consumption  vary  with  minimum  lamp  wall  tempera- 
ture, as  much  as  20  percent  under  typical  conditions. 
Proper  control  of  room  thermal  conditions  can  ensure 
that  the  lamps  are  operating  at  thier  most  efficient 
level. 
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Lighting  in  commercial  buildings  is  the  single  largest 
user  of  electric  energy,  typically  ranging  from  25  to  50 
percent  of  total  building  electrical  energy  requirements. 
The  performance  of  the  dominant  commercial  light 
source,  the  fluorescent  lamp,  is  strongly  dependent  on 
thermal  conditions.  Both  lamp  light  output  and  power 
consumption  vary  with  minimum  lamp  wall  temperature 
by  as  much  as  20  percent  under  typically  encountered 
conditions.  Proper  control  of  room  thermal  conditions 
can  ensure  that  the  lamps  are  operating  at  their  most 
efficient  level. 
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The  sun  covers  only  about  10(exp  -5)  of  the  sky  dome, 
while  a  luminous  ceiling  in  effect  presents  an  entire 
bright  sky.  Through  its  effects  on  veiling  reflections  and 
highlights,  source  size  affects  the  range  of  colors  and 
luminances  in  a  scene.  Some  new  calculations  of 
these  phenomena  are  presented. 
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The  topics  of  the  article  are:  What  can  theory  really 
do  for  the  business  of  lighting;  and  What  benefits  can 
come  from  a  more  theoretical  approach  to  lighting  re- 
search and  design.  The  answer  proposed  will  be  this: 
Better  theory  can  give  better  lighting  system  designs 
and,  in  particular,  new  and  better  luminaires. 
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The  work  of  Commission  Internationale  de  I'Eclairage 
(CIE)  TC  3.16  on  'Psychological  Response  to  Lighting' 
is  described.  The  committee  is  charged  with  reviewing 
the  literature  on  the  psychological  response  to  lighting 
and  preparing  a  report  for  the  CIE.  The  committee  has 
identified  about  260  research  documents,  developed 
a  framework  for  review,  prepared  an  outline,  abstract- 
ed about  60%  of  the  documents  and  developed  an  ini- 
tial draft.  Tentative  output  from  the  draft  is  described 
in  the  area  of  preferred  task  illuminance,  glare,  adapta- 
tion level,  luminance  distributions,  light  source  position 
and  extent,  light  source  characteristics  such  as  color 
temperature,  color  rendering  and  daylight,  and  dy- 
namic temporal  effects  such  as  flicker,  variation,  and 
photobiology.  A  list  of  references  is  included. 


00,255 

PB95-162079       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Building  Environment  Div. 
Assessing  Ventilation  Effectiveness  in  Mechani- 
cally Ventilated  Office  Buildings. 
Final  rept. 

A.  K.  Persily.  1993,  12p. 

Sponsored  by  Department  of  Energy,  Washington,  DC. 
Pub.  in  Proceedings  of  International  Symposium  on 
Room  Air  Convection  and  Ventilation  Effectiveness, 
Tokyo,  Japan,  July  22-24, 1992,  p201-212  1993. 

Keywords:  "Office  buildings,  "Ventilation  systems,  "Air 
circulation,  "Indoor  air  quality,  Air  infiltration,  Air  flow, 
Air  intakes,  Intake  systems,  Vents,  Space  HVAC  sys- 
tems, Test  and  evaluation,  Reprints. 

Mechanical  ventilation  systems  are  designed  and  op- 
erated to  bring  outdoor  air  into  buildings,  distribute  ven- 
tilation air  within  the  occupied  space,  remove  internally 
generated  contaminants,  and  maintain  thermal  com- 
fort. The  paper  presents  a  general  discussion  of  ven- 
tilation effectiveness  in  mechanically  ventilated  office 
buildings  as  the  ability  of  the  ventilation  system  to  pro- 
vide ventilation  air  in  a  manner  consistent  with  the  de- 
sign goals  of  the  system.  The  design  and  performance 
of  air  distribution  systems  are  discussed  on  a  range 
of  scales,  from  the  air  handler  to  the  individual  work- 
space, as  are  the  means  for  assessing  ventilation  ef- 
fectiveness on  each  of  these  scales.  Various  ap- 
proaches to  the  assessment  of  mixing  within  ventilated 
spaces,  the  most  common  conception  of  ventilation  ef- 
fectiveness, are  presented  and  discussed  in  relation  to 
their  use  in  mechanically  ventilated  office  buildings. 

00,256 

PB95-1 62087       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Building  Environment  Div. 
Modeling  Radon  Transport  in  Multistory  Residen- 
tial Buildings. 
Final  rept. 

A.  K.  Persily.  1993,  17p. 

Pub.  in  Modeling  of  Indoor  Air  Quality  and  Exposure, 
ASTM  STP  1205,  p226-242  1993. 

Keywords:  "Residential  buildings,  "Radon, 
"Radionuclide  migration,  "Flow  models.  Air  flow,  Air  cir- 
culation, Spatial  distribution,  Air  infiltration,  Leakage, 
Radioecological  concentration,  Indoor  air  pollution,  Air 
pollution  monitoring,  Computerized  simulation,  Re- 
prints. 

Radon  concentrations  have  been  studied  extensively 
in  single-family  residential  buildings,  but  relatively  little 
work  has  been  done  in  large  buildings,  including  multi- 
story residential  buildings.  The  paper  presents  the  re- 
sults of  a  computer  simulation  of  airflow  and  radon 
transport  in  a  twelve-story  residential  building. 
Interzone  airflow  rates  and  radon  concentrations  were 
predicted  using  the  multizone  airflow  and  contaminant 
dispersal  program  CONTAM88.  Limited  simulations 
were  conducted  to  study  the  influence  of  two  different 
radon  source  terms,  indoor-outdoor  temperature  dif- 
ference and  exterior  wall  leakage  values  on  radon 
transport  and  radon  concentration  distributions. 
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PB95-175006       PC  A1 1/MF  A03 
National  Inst,  of  Standards  and  Technology  (CAML), 
Gaithersburg,  MD.  Office  of  Applied  Economics. 
Life-Cycle  Costing  Workshop  for  Energy  Con- 
servation in  Buildings:  Student  Manual. 
Final  rept. 

S.  K.  Fuller,  and  S.  R.  Petersen.  Oct  94,  236p, 
NISTIR-5165. 

Supersedes  PB93-1 98984.  See  also  PB93-208460. 
Sponsored  by  Federal  Energy  Management  Program, 
Washington,  DC. 

Keywords:  "Federal  buildings,  "Energy  conservation, 
"Life  cycle  costs,  "Training,  Space  HVAC  systems,  Fa- 
cilities management,  Operation  and  maintenance,  Op- 
erating costs,  Cost  analysis,  Energy  efficiency,  Com- 
puter applications,  Education,  "BLCC  computer  pro- 
gram, BLCC(Building  Life-Cycle  Cost). 

The  Student  Manual  for  the  Life-cycle  Costing  Work- 
shop for  Energy  Conservation  in  Buildings  is  a  work- 
book for  a  two-day  course  on  life-cycle  cost  (LCC) 
analysis.  The  purpose  of  the  workshop  is  to  provide 
professionals  concerned  with  energy  conservation  in 
federal  buildings  with  the  knowledge  and  skills  they 
need  to  perform  economic  analyses  quickly  and  cor- 
rectly. The  Student  Manual  presents  the  criteria  and 
methods  that  govern  LCC  analysis  for  energy  con- 
servation in  federal  buildings;  treats  basic  economic 
concepts;  gives  step-by-step  instructions  for  perform- 
ing LCC  analyses;  and  introduces  computer  software 
and  hands-on  exercises  for  performing  LCC  analyses 
both  manually  and  on  PCs. 

00,258 

PB95-175329       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (TS), 

Gaithersburg,  MD.  Office  of  Standards  Services. 

Performance  of  Compact  Fluorescent  Lamps  at 

Different  Ambient  Temperatures. 

Final  rept. 

B.  L.  Collins,  S.  J.  Treado,  and  M.  J.  Ouellette.  1994, 
14p. 

Pub.  in  Jnl.  of  the  Illuminating  Engineering  Society  23, 
n2p72-851994. 

Keywords:  "Fluorescent  lamps,  "Temperature  effects, 
"Performance  evaluation,  "Luminous  intensity,  Light 
sources,  Power  factor,  Energy  efficiency,  Energy  con- 
servation, Reprints. 

Compact  fluorescent  lamps  are  used  to  replace  incan- 
descent lamps  to  aid  in  energy  conservation  in  com- 
mercial and  domestic  lighting  applications.  In  conjunc- 
tion with  the  Institute  for  Research  in  Construction 
(IRC)  at  the  National  Research  Council,  Canada 
(NRCC),  the  Lighting  Group  at  the  National  Institute  of 
Standards  and  Technology  (NIST)  conducted  an  ex- 
perimental evaluation  of  twelve  sets  of  different  types 
of  compact  fluorescent  lamps  at  six  different  ambient 
temperature  conditions.  An  additional  set  of  incandes- 
cent lamps  was  also  evaluated  for  comparison.  A  total 
of  three  lamps  were  tested  for  each  of  the  thirteen  lamp 
types,  both  compact  fluorescent  and  incandescent. 


00,259 

PB95-1 75774       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD.  Building  Environment  Div. 

Using  Emulators  to  Evaluate  the  Performance  of 

Building  Energy  Management  Systems. 

Final  rept. 

G.  E.  Kelly,  W.  B.  May,  J.  Y.  Kao,  and  C.  Park.  1994, 
12p. 

Sponsored  by  Department  of  Energy,  Washington,  DC. 
Building  Systems  and  Materials  Div. 
Pub.  in  American  Society  of  Heating,  Refrigerating  and 
Air-Conditioning  Engineers  Transactions  100,  pt1 
p1 482-1 493  1994. 

Keywords:  "Space  HVAC  systems,  "Computerized 
simulation,  "Performance  tests,  Control  systems,  Heat- 
ing systems,  Ventilation,  Air  conditioning,  Energy  con- 
sumption, Comfort,  Performance  evaluation,  Reprints, 
"Building  Energy  Management  Systems,  Emulators. 

The  performance  of  a  building  energy  management 
system  (BEMS)  is  directly  related  to  the  amount  of  en- 
ergy consumed  in  a  building  and  the  comfort  of  the 
building's  occupants.  The  paper  describes  using 
emulators  to  evaluate  a  BEMS.  Major  topics  include 
setting  up  a  BEMS  and  an  emulator,  evaluating  sys- 
tem/command and  DDC  software,  and  methodologies 
for  testing  BEMS  application  algorithms.  Consider- 


ations are  presented  for  evaluating  the  programming 
capabilities  of  a  BEMS,  DDC  control  loop  performance, 
and  rating  different  aspects  of  BEMS  performance.  A 
brief  discussion  of  BEMS  software  is  also  included. 


00,260 

PB95-175980       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Building  Environment  Div. 
Reproducibility  of  Tests  on  Energy  Management 
and  Control  Systems  Using  Building  Emulators. 
Final  rept. 

H.  C.  Peitsman,  S.  Wang,  S.  Karki,  C.  Park,  and  P. 
Haves.  1994,  10p. 

Sponsored  by  Department  of  Energy,  Washington,  DC. 
Office  of  Conservation  and  Renewable  Energy. 
Pub.  in  American  Society  of  Heating,  Refrigerating  and 
Air-Conditioning  Engineers  Transactions  100,  pt1 
P1455-1464  1994. 

Keywords:  "Energy  management  systems,  "Control 
systems,  "Performance  tests,  "Computerized  simula- 
tion, "Space  HVAC  systems,  Ventilation,  Air  condi- 
tioning, Heating  systems,  Comfort,  Real  time,  Perform- 
ance evaluation,  Energy  consumption,  Predictions, 
Test  methods,  Reprints. 

An  emulator  consists  of  a  real-time  simulation  of  a 
building  and  its  HVAC  system  and  a  hardware  inter- 
face that  allows  the  simulation  to  be  connected  to  a 
real  control  system.  As  part  of  a  research  project,  an 
experiment  involving  four  different  emulators  with  two 
different  (EMCS)  was  performed  to  study  the  reproduc- 
ibility of  the  emulation  method.  The  paper  presents  the 
results  of  this  experiment  in  the  form  of  a  comparison 
of  the  predictions  of  energy  consumption,  thermal  com- 
fort, and  control  activity  obtained  from  tests  of  the 
EMCS  using  emulators  based  on  different  design  and 
different  simulation  programs. 
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PB95-182259       PC  A04/MF  A01 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD. 

Algorithm  to  Describe  the  Spread  of  a  Wall  Fire 
under  a  Ceiling. 

H.  E.  Mitler.  Nov  94,  62p,  NISTIR-5547. 

Keywords:  "Algorithms,  "Ceilings(Architecture), 
"Buildings,  "Flame  propagation,  Thermal  radiation, 
Convection(Heat  transfer),  Plumes,  Ignition,  Mathe- 
matical models,  Combustion,  Flames,  Burning  rate, 
"Wall  fires,  SPREAD  computer  program. 

After  some  discussion  of  wall  fires,  the  effects  that  a 
ceiling  has  on  a  wall  fire  are  analyzed  and  discussed 
qualitatively.  There  are  two  kinds  of  effects:  first,  when 
the  upper  sill  of  the  ventilating  opening  lies  below  the 
ceiling  (as  is  usual),  a  layer  of  hot  gas  is  trapped,  which 
heats  the  walls  by  convection  and  radiation;  the  heated 
ceiling  also  radiates  to  the  walls.  A  calculation  which 
uses  the  wall-fire  computer  model  SPREAD  is  carried 
out  to  demonstrate  how  these  effects  can  be  calculated 
now.  Second,  when  the  flame  impinges  on  the  ceiling, 
it  bifurcates  and  spreads  horizontally,  rather  than  verti- 
cally. A  simple  algorithm  is  presented  which  calculates 
the  spread  rate  of  these  horizontal  flame  extensions, 
as  well  as  the  modified  pyrolysis  rate,  due  to  the  modi- 
fied radiation  feedbacks. 
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PB95-182309       PC  A04/MF  A01 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD. 

Indoor  Air  Quality  Commissioning  of  a  New  Office 
Building. 

W.  S.  Dols,  A.  K.  Persily,  and  S.  J.  Nabinger.  Jan  95, 
60p,  NISTIR-5586. 

See  also  PB90-1 64484.  Sponsored  by  Nuclear  Regu- 
latory Commission,  Washington,  DC. 

Keywords:  "Office  buildings,  "Indoor  air  quality, 
"Ventilation  systems,  "Test  and  evaluation,  Space 
HVAC  systems,  Indoor  air  pollution,  Air  quality  stand- 
ards, Specifications,  Cooling  and  ventilating  equip- 
ment, Building  materials,  Air  flow,  Air  infiltration,  Com- 
fort. 

Commissioning  does  not  always  include  the  verifica- 
tion of  an  'acceptable'  indoor  environment  for  the  build- 
ing occupants,  including  factors  related  to  indoor  air 
quality  (IAQ).  In  light  of  growing  concern  about  indoor 
air  quality.  IAQ  commissioning  could  become  an  im- 
portant part  of  building  commissioning  programs.  The 
program  described  in  this  report  consisted  of  three 
tasks:  (1)  evaluate  the  mechanical  ventilation  system 


design  from  an  IAQ  perspective;  (2)  develop  a  set  of 
environmental  performance  parameters  and  associ- 
ated reference  values  that  will  be  used  to  evaluate  IAQ 
in  the  building;  and,  (3)  measure  these  environmental 
parameters  in  the  building  and  compare  them  with  the 
reference  values  developed  in  Task  2. 
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PB95-1 90682       PC  A06/MF  A02 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD. 

BLCC:  The  NIST  'Building  Life-Cycle  Cost'  Pro- 
gram, Version  4.21.  User's  Guide  and  Reference 
Manual. 

S.  R.  Petersen.  Jan  95,  103p,  NISTIR-5185-2. 
Sponsored  by  Federal  Energy  Management  Program, 
Washington,  DC. 

Keywords:  "Buildings,  "Energy  efficiency,  "Life  cycle 
costs,  User  manuals,  Investments,  Computer  applica- 
tions, Energy  conservation,  Operating  costs,  Economic 
analysis,  Benefit  cost  analysis. 

The  NIST  Building  Life-Cycle  Cost  (BLCC)  computer 
program  provides  economic  analysis  of  proposed  cap- 
ital investments  that  are  expected  to  reduce  long-term 
operating  costs  of  buildings  or  building  systems/com- 
ponents. It  is  especially  useful  for  evaluating  the  costs 
and  benefits  of  energy  conservation  projects  in  build- 
ings. Two  or  more  alternative  designs  can  be  evalu- 
ated to  determine  which  has  the  lowest  life-cycle  cost 
and  therefore  is  most  economical  in  the  long  run.  Eco- 
nomic measures,  including  net  savings,  savings-to-in- 
vestment  ratio,  adjusted  internal  rate  of  return,  and 
years  to  payback  can  be  calculated  for  any  design  al- 
ternative relative  to  the  designated  base  case.  BLCC 
can  be  used  for  evaluating  federal  (including  Depart- 
ment of  Defense),  state,  and  local  government  projects 
as  well  as  projects  in  the  private  sector.  It  complies  with 
ASTM  standards  related  to  building  economics  as  well 
as  FEMP  and  OMB  Circular  A-94  guidelines  for  eco- 
nomic analysis  of  federal  building  projects.  BLCC  has 
new  capabilities  for  using  demand  charges  and  block 
rate  calculations  for  computing  annual  electricity  costs. 
While  BLCC  is  primarily  intended  for  the  economic 
evaluation  of  building  systems,  it  can  be  applied  to  a 
wide  range  of  project  investments  which  are  intended 
primarily  to  reduce  future  operating-related  costs. 
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PB95-210944       PC  A04/MF  A01 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Building  Environment  Div. 
Measurements  of  Outdoor  Air  Distribution  in  an  Of- 
fice Building. 

W.  S.  Dols,  and  A.  K.  Persily.  Jun  94,  58p,  NISTIR- 
5320. 

Sponsored  by  Bonneville  Power  Administration,  Port- 
land, OR. 


Keywords:  "Office  buildings,  "Air  circulation, 
"Ventilation,  "Indoor  air  quality,  Air  infiltration,  Air  flow 
rates,  Flow  measurement,  Air  sampling,  Tracer  tech- 
niques, Environmental  surveys,  Outdoor  air. 

The  National  Institute  of  Standards  and  Technology 
(NIST)  has  performed  a  study  of  methods  to  measure 
the  local  outdoor  air  delivery  rates  in  an  office  building. 
This  is  a  follow-up  study  of  one  which  was  performed 
in  the  same  building  to  measure  outdoor  airflow  rates 
to  the  building  as  a  whole.  This  study  focuses  on  the 
delivery  of  outdoor  air  to  smaller  sections  of  the  build- 
ing. Airflow  rates  were  measured  to  various  zones  of 
the  building  which  range  in  size  from  that  served  by 
an  entire  air  handler  to  individual  workstations  served 
by  a  single  supply  air  diffuser.  Comparisons  were 
made  between  the  use  of  different  procedures  used  to 
measure  airflow  rates  to  the  same  zones  in  terms  of 
relative  accuracies  and  levels  of  effort  involved  in  per- 
forming the  measurements.  The  use  of  tracer  gas  tech- 
niques to  measure  local  ages  of  air  was  also  dem- 
onstrated. The  local  ages  of  air  were  then  used  to  de- 
termine air  change  effectiveness  of  the  ventilation  sys- 
tem at  the  measurement  locations.  Air  change  effec- 
tiveness provides  a  measure  of  the  uniformity  of  out- 
door air  delivery  and  mixing  in  a  space. 
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Least-Cost  Energy  Decisions  for  Buildings.  Part  3. 
Choosing  Economic  Evaluation  Methods.  Video 
Training  Workbook. 

H.  E.  Marshall.  May  95,  56p,  NISTIR-5604. 

See  also  PB94-1 65982.  Sponsored  by  Federal  Energy 

Management  Program,  Washington,  DC. 

Keywords:  "Buildings,  "Energy  efficiency,  "Cost  benefit 
analysis,  Environmental  engineering,  Value  engineer- 
ing, Facilities  management,  Operation  and  mainte- 
nance, Energy  conservation,  Life  cycle  costs,  Operat- 
ing costs,  Return  on  investment,  Cost  analysis,  Eco- 
nomic analysis,  Alternatives,  Workbooks,  Savings-to- 
investment  ratio. 

The  workbook  and  its  companion  video  are  the  third 
in  a  series  of  training  video-workbook  modules  de- 
signed to  assist  you  in  using  economic  analysis  to  im- 
prove the  long-run  economy  of  your  buildings.  This 
module  describes  the  types  of  investment  decisions 
that  you  will  have  to  deal  with  when  you  evaluate  en- 
ergy conservation  projects-decisions  to  accept  or  re- 
ject a  project,  what  design  to  choose,  and  what  priority 
to  assign  candidate  projects.  Then  it  tells  you  how  to 
match  the  different  types  of  investment  decisions  with 
the  appropriate  economic  methods.  The  workbook 
supports  the  video  with  expanded  descriptions  of  tech- 
nical material  shown  in  the  video;  figures  and  tables 
presented  in  the  video;  formulas  for  computing  eco- 
nomic measures  used  in  the  video;  exercises  to  give 
you  practice;  and  a  glossary  of  technical  terms  used 
by  the  video  instructors. 
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PB95-501953       CP  D02 

National  Inst,  of  Standards  and  Technology, 
Gaithersburg,  MD. 

Building  Life  Cycle  Cost  Computer  Program 
(BLCC),  Version  4.2-95  (for  Microcomputers). 

Software. 

1995,  diskette,  NIST/SW/DK-94/003. 
System:  MS  DOS  operating  system.  Open  READ. ME 
file  for  installation  instructions.  Supersedes  PB94- 
500055.  See  also  PB94-500097  (ERATES). 
The  software  is  on  one  3  1/2  inch  DOS  diskette,  1 .44M 
high  density.  File  format:  ASCII  text.  Documentation  in- 
cluded; may  be  ordered  separately  as  PB93-208460 
and  PB91 -167288. 

Keywords:  "Software,  "Buildings,  "Life  cycle  costs, 
"Energy  conservation,  Economic  analysis,  Long 
rangeffime),  Operating  costs,  Return  on  investment, 
Savings,  Prices,  Benefit  cost  analysis,  Diskettes. 

Product  provides  economic  analysis  of  proposed  cap- 
ital investments  that  are  expected  to  reduce  long-term 
operating  costs  of  buildings  or  building  systems/com- 
ponents. It  is  especially  useful  for  evaluating  the  costs 
and  benefits  of  energy  conservation  projects  in  build- 
ings. Two  or  more  alternative  designs  can  be  evalu- 
ated to  determine  which  has  the  lowest  life-cycle  cost 
and  therefore  is  most  economical  in  the  long  run.  Eco- 
nomic measures,  including  net  savings,  savings-to-in- 
vestment  ratio,  adjusted  internal  rate  of  return,  and 
years  to  payback  can  be  calculated  for  any  design  al- 
ternative relative  to  the  designated  base  case.  BLCC 
can  be  used  for  evaluating  federal  (including  Depart- 
ment of  Defense),  state,  and  local  government  projects 
as  well  as  projects  in  the  private  sector.  It  complies  with 
ASTM  standards  related  to  building  economics  as  well 
as  FEMP  and  OMB  Circular  A-94  guidelines  for  eco- 
nomic analysis  of  federal  building  projects.  It  has  new 
capabilities  for  using  demand  charges  and  block  rate 
calculations  for  computing  annual  electricity  costs. 
While  it  is  primarily  intended  for  the  economic  evalua- 
tion of  building  systems,  it  can  be  applied  to  a  wide 
range  of  project  investments  which  are  intended  pri- 
marily to  reduce  future  operating-related  costs. 
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National  Bureau  of  Standards,  Gaithersburg,  MD. 
Building  Life  Cycle  Cost  Computer  Program 
(BLCC)  Version  4.21-95  (for  Microcomputers). 

Software. 

1995,  diskette,  NIST/SW/DK-95/002. 
MS  DOS  operating  system.  Open  READ. ME  file  for  in- 
stallation instructions.  Supersedes  PB95-501953.  See 
also  PB94-500097  (ERATES). 

The  software  is  on  one  1.44M,  3  1/2  inch  disc.  File  for- 
mat: ASCII  text.  Documentaion  included;  may  be  or- 
dered separately  as  PB95-1 69652. 

Keywords:  "Software,  "Buildings,  "Life  cycle  costs, 
"Energy  conservation,  Economic  analysis,  Benefit  cost 
analysis,  Operating  costs,  Long  range(Time),  Return 


on  investment,  Savings,  Prices,  Project  management, 
National  government,  State  government,  Local  govern- 
ment, Standards,  Diskettes. 

The  product  provides  economic  analysis  of  proposed 
capital  investments  that  are  expected  to  reduce  long- 
term  operating  costs  of  buildings  or  building  systems/ 
components.  It  is  especially  useful  for  evaluating  the 
costs  and  benefits  of  energy  conservation  projects  in 
buildings.  Two  or  more  alternative  designs  can  be  eval- 
uated to  determine  which  has  the  lowest  life-cycle  cost 
and  therefore  is  most  economical  in  the  long  run.  Eco- 
nomic measures,  including  net  savings,  savings-to-in- 
vestment  ratio,  adjusted  internal  rate  of  return,  and 
years  to  payback  can  be  calculated  for  any  design  al- 
ternative relative  to  the  designated  base  case.  Building 
Life  Cycle  Cost  (BLCC)  can  be  used  for  evaluating  fed- 
eral (including  Department  of  Defense),  state,  and 
local  government  projects,  as  well  as  projects  in  the 
private  sector.  It  complies  with  ASTM  standards  relat- 
ed to  building  economics  as  well  as  FEMP  and  OMB 
Circular  A-94  guidelines  for  economic  analysis  of  fed- 
eral building  projects.  It  has  new  capabilities  for  using 
demand  charges  and  block  rate  calculations  for  com- 
puting annual  electricity  costs.  While  it  is  primarily  in- 
tended for  the  economic  evaluation  of  building  sys- 
tems, it  can  be  applied  to  a  wide  range  of  project  in- 
vestments which  are  intended  primarily  to  reduce  fu- 
ture operating-related  costs. 
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The  software  is  on  one  3  1/2  inch  DOS  diskette,  1 .44M 
high  density.  File  format:  ASCII  text.  Documentation  in- 
cluded; may  be  ordered  separately  as  PB95-1 69652. 
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Product  provides  economic  analysis  of  proposed  cap- 
ital investments  that  are  expected  to  reduce  long-term 
operating  costs  of  buildings  or  building  systems/com- 
ponents. It  is  especially  useful  for  evaluating  the  costs 
and  benefits  of  energy  conservation  projects  in  build- 
ings. Two  or  more  alternative  designs  can  be  evalu- 
ated to  determine  which  has  the  lowest  life-cycle  cost 
and  therefore  is  most  economical  in  the  long  run.  Eco- 
nomic measures,  including  net  savings,  savings-to-in- 
vestment  ratio,  adjusted  internal  rate  of  return,  and 
years  to  payback  can  be  calculated  for  any  design  al- 
ternative relative  to  the  designated  base  case.  BLCC 
can  be  used  for  evaluating  federal  (including  Depart- 
ment of  Defense),  state,  and  local  government  projects 
as  well  as  projects  in  the  private  sector.  It  complies  with 
ASTM  standards  related  to  building  economics  as  well 
as  FEMP  and  OMB  Circular  A-94  guidelines  for  eco- 
nomic analysis  of  federal  building  projects.  It  has  new 
capabilities  for  using  demand  charges  and  block  rate 
calculations  for  computing  annual  electricity  costs. 
While  it  is  primarily  intended  for  the  economic  evalua- 
tion of  building  systems,  it  can  be  applied  to  a  wide 
range  of  project  investments  which  are  intended  pri- 
marily to  reduce  future  operating-related  costs. 
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Three  complementary  approaches  may  be  used  in  the 
performance  of  building  control  systems-simulation, 
emulation  and  field  testing.  In  emulation  a  real-time 
simulation  of  the  building  and  HVAC  plant  is  connected 
to  a  real  building  energy  management  system  (BEMS) 
via  a  hardware  interface.  Emulation  has  the  advantage 
of  allowing  controlled,  repeatable  experiments  whilst 
testing  real  devices  that  may  contain  proprietary  algo- 
rithms. Building  emulators  have  been  developed  by  the 
authors  in  the  context  of  IEA  Annex  17,  which  is  con- 
cerned with  the  use  of  simulation  to  evaluate  the  per- 
formances of  BEMS.  The  paper  discusses  different  ap- 
proaches to  the  design  of  building  emulators  and  de- 
scribes the  different  architectures,  hardware  and  soft- 
ware used  by  the  authors.  The  problem  of  evaluating 
the  overall  performance  of  BEMS  is  discussed  and  re- 
sults are  presented  that  illustrate  the  use  of  emulators 
to  investigate  the  influence  of  the  tuning  of  local  loop 
controls  on  building  performance. 
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NEMA  requested  establishment  of  the  accreditation 
program  for  laboratory  testing  of  lamps  and  luminaires 
from  concensus  standards  prior  to  enactment  of 
EPACT.  NVLAP  conducts  regulatory  and  voluntary  ac- 
creditation programs.  Impacts  cited  by  NEMA  for 
NVLAP  were;  third-party  objective  accreditation  pro- 
grams for  establishment  of  credible  testing  data,  avoid- 
ance of  duplicated  efforts  by  different  Federal  govern- 
ment agencies,  avoidance  of  confusion  in  the  market- 
place, improving  product  quality,  and  assistance  to  util- 
ities/conservation planners.  Following  public  comment 
by  interested  organizations,  NVLAP  developed  the  En- 
ergy Efficient  Lighting  Program  for  laboratories  con- 
ducting standard  test  methods  for  electrical,  photo- 
metric, and  color  measurements.  Industry  rec- 
ommendations at  FTC  hearings  supported  NVLAP  ac- 
credited laboratory  data  for  labeling. 
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A  project  is  being  conducted  at  the  National  Institute 
of  Standards  and  Technology  (NIST)  to  identify  ap- 
proaches to  improve  these  evaluations,  to  develop  se- 
lected ventilation  assessment  protocols,  and  to  identify 
research  needed  to  make  further  advances  in  the  field. 
This  project  has  included  a  characterization  of  the  ap- 
plications of  ventilation  assessment  in  buildings,  an 
identification  of  the  objectives  addressed  by  different 
approaches  to  ventilation  assessment,  and  a  review  of 
existing  protocols.  This  paper  discusses  the  character- 
ization of  ventilation  evaluation  that  was  performed  as 
part  of  this  project  and  is  organized  into  the  following 
sections:  Uses  of  Ventilation  Evaluation;  Specific  Eval- 
uation Objectives;  Existing  Evaluation  Protocols;  and 
Current  Inadequacies:  Problems,  Reasons  and  Solu- 
tions. 
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An  optimal  control  strategy  is  compared  with  a  conven- 
tional strategy  to  demonstrate  the  capability  of  optimal 
control  to  maintain  comfort  while  reducing  the  utility 
cost  for  a  two-zone  building  and  HVAC  system.  The 
optimal  control  strategy  yields  a  reduction  in  the  utility 
cost  of  1 1  percent  for  the  conditions  considered.  A 
new-optimal  control  strategy  that  requires  less  imple- 
mentation effort  is  also  discussed. 
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Workplan  to  Analyze  the  Energy  Impacts  of  Enve- 
lope Airtightness  in  Office  Buildings. 

S.  J.  Emmerich,  A.  K.  Persily,  and  D.  A. 
VanBronkhorst.  Dec  95,  34p,  NISTIR-5758. 
See  also  PB93-1 83770.  Sponsored  by  Department  of 
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This  report  describes  the  impact  of  building  airflows  on 
energy  consumption  in  multi-zone  buildings  and  the 
analysis  approaches  that  can  be  used  to  account  for 
the  energy  associated  with  these  airflows.  Plans  to  link 
a  multi-zone  network  airflow  analysis  program  with  a 
building  energy  analysis  program  are  disussed.  An  ini- 
tial estimate  of  the  energy  associated  with  infiltration 
in  U.S.  office  buildings,  based  on  a  simplified  analysis 
approach,  is  presented. 
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The  National  Institute  of  Standards  and  Technology 
has  conducted  a  study  of  ventilation  and  ventilation 
measurement  techniques  in  the  Bonneville  Power  Ad- 
ministration (BPA)  Building  in  Portland,  Oregon.  The 
project  involved  in  the  use  of  the  following  outdoor  air 
ventilation  measurement  techniques:  tracer  gas  decay 
measurements  of  whole-building  air  change  rates,  the 
determination  of  air  change  rates  based  on  peak  car- 
bon dioxide  (C02)  concentrations,  the  determination  of 
percent  outdoor  air  intake  using  tracer  gas  (Sulfur 
hexafluoride  and  occupant-generated  C02),  and  direct 
airflow  rate  measurements  with  in  the  air  handling  sys- 
tem. In  addition,  air  change  rate  measurements  made 
approximately  three  years  apart  with  an  automated 
tracer  gas  decay  system  were  compared. 
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An  indoor  air  quality  commissioning  program  has  been 
developed  and  is  being  implemented  in  a  new  office 
building  in  Rockville,  Maryland.  New  buildings  can 
have  an  increased  potential  for  indoor  air  quality  (IAQ) 
problems  due  to  new  building  materials  and  defi- 
ciencies in  mechanical  ventilation  system  operation 
during  construction  and  initial  occupancy.  This  IAQ 
commissioning  effort  is  being  implemented  to  reduce 
the  potential  for  such  problems  in  this  building.  This 
commissioning  program  consists  of  three  tasks:  (1) 
evaluate  the  mechanical  ventilation  system  design,  (2) 
develop  a  set  of  environmental  parameters  and  associ- 
ated reference  values  that  will  be  used  to  evaluate  IAQ 
in  the  building,  and  (3)  measure  various  environmental 
parameters  for  comparison  with  the  reference  values 
developed  in  task  2. 
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An  approach  to  providing  computer-aided  support  for 
using  design  standards  in  design  system  is  presented. 
The  standards  processing  system  we  developed  is 
composed  of  five  major  components  that  interact  with 
each  other  using  the  Internet:  standards  processing 
servers  which  evaluate  a  given  design  to  check  wheth- 
er it  satisfies  the  requirements  of  a  specific  design 
standard;  the  standards  processor  broker  which  is 
used  by  the  designer  to  identify  applicable  design 
standards;  the  data  server  which  acts  as  a  front-end 
between  the  database  of  the  design  system  and  the 
standards  processing  activities,  multiple  standards  can 
be  dealt  with  by  the  design  system  and  the  design  sys- 
tem is  insulated  from  changes  in  standards. 
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The  software  provides  economic  analysis  of  proposed 
capital  investments  that  are  expected  to  reduce  long- 
term  operating  costs  of  buildings  or  building  systems/ 
components.  It  is  especially  useful  for  evaluating  the 
costs  and  benefits  of  energy  conservation  projects  in 
buildings.  Two  or  more  alternative  designs  can  be  eval- 
uated to  determine  which  has  the  lowest  life-cycle  cost 
and  therefore  is  most  economical  in  the  long  run.  Eco- 
nomic measures,  including  net  savings,  savings-to-in- 
vestment  ratio,  adjusted  internal  rate  of  return,  and 
years  to  payback  can  be  calculated  for  any  design  al- 
ternative relative  to  the  designated  base  case.  BLCC 
can  be  used  for  evaluating  federal  (including  Depart- 
ment of  Defense),  state,  and  local  government  projects 
as  well  as  projects  in  the  private  sector.  It  complies  with 
ASTM  standards  related  to  building  economics  as  well 
as  FEMP  and  OMB  Circular  A-94  guidelines  for  eco- 
nomic analysis  of  federal  building  projects.  It  has  new 
capabilities  for  using  demand  charges  and  block  rate 
calculations  for  computing  annual  electricity  costs. 
While  it  is  primarily  intended  for  the  economic  evalua- 


tion of  building  systems,  it  can  be  applied  to  a  wide 
range  of  project  investments  which  are  intended 
primarly  to  reduce  future  operating-related  costs. 
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This  report  presents  a  mathematical  model  to  simulate 
the  performance  of  a  double-wide  manufactured  house 
constructed  in  compliance  with  HUD  Standards.  An  in- 
terior vapor  retarder  was  installed  in  the  ceiling  con- 
struction and  ventilation  openings  were  installed  in  the 
roof  cavity  consistent  with  HUD's  1/300  Rule.  The  ef- 
fect of  passive  and  mechanical  ventilation,  as  well  as 
a  wide  range  of  other  factors  on  the  roof  sheathing 
moisture  content  was  investigated  as  a  function  of 
time.  The  weekly  average  moisture  content  of  the 
lower  surface  of  the  plywood  sheathing  was  analyzed 
in  several  cold  climates,  while  the  relative  humidity  at 
the  lower  surface  of  the  ceiling  insulation  was  analyzed 
in  a  hot  and  humid  climate. 
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New  buildings  can  have  an  increase  potential  for  in- 
door air  quality  problems  due  to  new  building  materials 
and  deficiencies  in  mechanical  ventilation  system  per- 
formance during  construction  and  initial  occupany.  In 
order  to  decrease  the  potential  for  such  problems,  an 
indoor  air  quality  commissioning  program  was  devel- 
oped and  implemented  in  a  new  office  building  for  the 
U.S.  Nuclear  Regulatory  Commission  (NRC).  The  in- 
door air  quality  commissioning  effort  consisted  of  three 
tasks:  (1)  evaluation  of  the  mechanical  ventilation  sys- 
tem design,  (2)  development  of  a  set  of  environmental^ 
parameters  and  associated  reference  values  to  be 
used  in  evaluating  the  building  indoor  air  quality,  and 
(3)  measurement  of  these  environmental  parameters 
in  this  building  and  comparison  of  them  with  the  ref- 
erence values  developed  in  task  2.  The  evaluation  of 
the  mechanical  ventilation  system  design  was  based 
on  the  recommendations  of  the  1987  BOCA  mechani- 
cal code  and  ASHRAE  Standard  62-1989.  The  design 
evaluation  showed  that  the  system  ventilation  rates 
were  consistent  with  the  recommendations  of  both 
documents.  The  environmental  parameters  identified 
in  task  2  address  ventilation  system  performance,  in- 
door pollutant  levels,  and  thermal  comfort.  The  ref- 
erence values  for  these  parameters  were  based  on 
available  standards  and  guidelines  as  well  as  on  the 
results  of  previous  indoor  air  quality  research.  In  task 
3,  these  environmental  parameters  were  measured  in 
three  phases  of  building  construction:  after  completion 
of  interior  buildout,  after  the  installation  of  the  systems 
furniture,  and  roughly  one  month  after  occupancy.  The 
measured  values  were  within  the  project  reference  val- 
ues with  only  a  few  exceptions,  and  these  exceptions 
were  usually  attributed  to  a  correctable  circumstance. 
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Post-Occupancy  Evaluation  of  the  Forrestal  Build- 
ing. 
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'Surveys,  Workplace  layout,  Comfort,  Human  reac- 
tions, Reprints. 

Post-occupancy  evaluation  techniques  provide  a 
means  for  evaluating  occupant  responses  to  changes 
in  an  environment  and  linking  this  response  to  physical 
measures  of  that  environment.  Post-occupancy  eval- 
uations use  a  battery  of  tests  to  assess  environmental 
conditions  in  the  facility,  including  questionnaire  sur- 
veys of  the  occupants,  physical  measures,  personal 
observations,  and  individual  interviews.  The  post-occu- 
pancy evaluation  technique  is  designed  to  provide  in- 
formation about  the  occupants'  reaction  to  their  work 
spaces  and  document  the  physical  conditions  to  which 
they  are  responding,  usually  on  a  pre-  and  post-retrofit 
basis. 
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An  effective  partnership  between  industry  and  the  uni- 
versity resulted  in  the  system  of  design  tools  for  the 
layout  of  HVAC  systems  presented  in  the  paper  and 
illustrated  with  the  design  of  a  heat  pump.  The  system 
provides  tools  to  assist  in  the  placement  of  compo- 
nents and  routing  of  tubes  between  the  components. 
The  paper  provides  insight  on  both  the  collaborative 
research  interaction  and  the  resulting  set  of  tools. 
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The  stability  of  luminous  intensity  and  color  tempera- 
ture of  modified  FEL-type,  1000  W  quartz-halogen 
lamps  has  been  tested  at  various  color  temperatures 
to  investigate  the  suitability  of  these  lamps  for  use  as 
photometric  transfer  standards.  Characteristics  of  the 
lamps  have  also  been  investigated  for  operation  at 
2000  K  to  3100  K,  for  reversed  polarity,  and  for  long- 
term  storage. 
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The  objective  of  the  study  is  to  describe  the  application 
of  artificial  neural  networks  to  the  problem  of  fault  diag- 


nosis in  an  air-handling  unit.  Initially,  residuals  of  sys- 
tem variables  that  can  be  used  to  quantify  the  domi- 
nant symptoms  of  fault  modes  of  operation  are  se- 
lected. Idealized  steady-state  patterns  of  the  residuals 
are  then  defined  for  each  fault  mode  of  operation.  The 
study-state  relationship  between  the  dominant  symp- 
toms and  the  faults  is  learned  by  an  artificial  neural  net- 
work using  the  backpropagation  algorithm.  The  trained 
neural  network  is  applied  to  experimental  data  for  var- 
ious faults  and  successfully  identifies  each  fault. 
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The  software  provides  economic  analysis  of  proposed 
capital  investments  that  are  expected  to  reduce  long- 
term  operating  costs  of  buildings  or  building  systems/ 
components.  It  is  especially  useful  for  evaluating  the 
costs  and  benefits  of  energy  conservation  projects  in 
buildings.  Two  or  more  alternative  designs  can  be  eval- 
uated to  determine  which  has  the  lowest  life-cycle  cost 
and  therefore  is  most  economical  in  the  long  run.  Eco- 
nomic measures,  including  net  savings,  savings-to-in- 
vestment  ratio,  adjusted  internal  rate  of  return,  and 
years  to  payback  can  be  calculated  for  any  design  al- 
ternative relative  to  the  designated  base  case.  BLCC 
can  be  used  for  evaluating  federal  (including  Depart- 
ment of  Defense),  state,  and  local  government  projects 
as  well  as  projects  in  the  private  sector.  It  complies  with 
ASTM  standards  related  to  building  economics  as  well 
as  FEMP  and  OMB  Circular  A-94  guidelines  for  eco- 
nomic analysis  of  federal  building  projects.  It  has  new 
capabilities  for  using  demand  charges  and  block  rate 
calculations  for  computing  annual  electricity  costs. 
While  it  is  primarily  intended  for  the  economic  evalua- 
tion of  building  systems,  it  can  be  applied  to  a  wide 
range  of  project  investments  which  are  intended  pri- 
marily to  reduce  future  operating-related  costs. 
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This  work  considers  factors  affecting  the  design  of  an 
effective  and  versatile  furniture  calorimeter  hood  and 
exhaust  system.  The  purpose  of  the  furniture  calorime- 
ter, design  functions,  and  inherent  limitations  of  a  par- 
ticular design  are  discussed.  The  interactions  between 
the  hood  structure  and  the  fire  and  its  plume  are  ana- 
lyzed in  the  context  of  avoiding:  flame  impingement  on 
the  hood;  enhanced  combustion  of  a  test  article,  over 
and  above  that  of  a  free-burn;  loss  of  combustion  prod- 
uct plume  gases  due  to  'spill-over'  below  the  hood;  un- 
acceptable dilution  of  plume  gases  in  the  measure- 
ment section  of  the  exhaust  duct.  The  concept  of  the 
ideally  designed  hood  is  introduced,  where,  throughout 
the  course  of  the  burn  of  a  test  article  the  hood  is  al- 
ways immediately  above  the  flame  tip  and  the  exhaust 
rate  always  exactly  matches  the  hood-ceiling-elevation 
plume-flow  rate.  Methods  to  partially  or  completely 
achieve  the  ideal  design  are  presented.  These  include 
the  combined  features  of  adjustable  hood  evaluation 


and  adjustable  hood  exhaust  rate.  The  ideas  and  re- 
sults of  analyses  developed  are  applied  in  examples 
relevant  to  the  existing  furniture  calorimeter  hood  and 
exhaust  system  of  the  NIST  Fire  Research  Laboratory 
Building  205.  Recommendations  for  improvements  to 
this  facility  are  presented. 
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This  report  describes  the  research  projects  performed 
in  the  Center  for  Fire  Research  (CFR)  and  under  its 
grants  program  during  FY  1990.  Topics  considered  in- 
clude the  following:  Turbulent  Combustion;  Soot  For- 
mation; CO  Prediction;  Polymer  Gasification;  Flame 
Spread;  Toxic  Potency;  Furniture  Flammability;  Build- 
ing Fire  Modeling  and  Smoke  Transfer;  Fire  Hazard 
Assessment;  Engineering  Analysis  System  and  Fire 
Reconstruction;  Suppression;  Cone  Calorimeter  De- 
velopment; Fire/Modeling  Interactions;  and  Fire  Pro- 
tection Technology. 
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Throughout  most  of  the  world,  warning  signs  next  to 
elevators  indicate  they  should  not  be  used  in  fire  situa- 
tions, and  today's  elevators  have  not  been  designed 
for  fire  evacuation  and  should  not  be  used  for  fire  evac- 
uation. However,  the  idea  of  using  elevators  to  speed 
up  fire  evacuation  and  to  evacuate  persons  with  dis- 
abilities has  gained  considerable  attention.  The  poten- 
tial of  elevator  evacuation  is  so  significant  that  the  U.S. 
General  Services  Administration  (GSA)  has  sponsored 
a  research  project  at  NIST  to  develop  techniques  for 
occupant  use  of  elevators  during  building  evacuations. 
This  paper  is  the  final  report  of  that  project,  and  it  ad- 
dresses fundamental  system  considerations,  engineer- 
ing design  considerations,  design  analysis,  and  human 
behavior.  This  paper  shows  that  use  of  elevators  in  ad- 
dition to  stairs  during  a  fire  emergency  allows  occu- 
pants and  firefighters  an  additional  system  of  vertical 
transportation. 
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This  report  is  a  formal,  functional  analysis  of  fire  detec- 
tion systems'  requirements.  The  performance  param- 
eters of  fire  detection  systems  are  given  as  conditional 
probabilities.  These  parameters  are  identified  by  the 
objective  analysis  of  the  functions  of  a  fire  detection 
system.  It  is  demonstrated  that  using  the  false  alarm 
rate  to  specify  the  malfunctioning  of  a  threshold  detec- 
tion system  is  inadequate.  The  principal  function  of  fire 
detection  systems  is  identified  as  the  notification  of 
anti-fire  agents  of  the  probability  of  an  unwanted  fire. 
The  evaluation  of  the  information  provided  by  a  detec- 
tor system  is  central  to  its  worth. 
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Fire  fatalities  associated  with  upholstered  furniture 
fires  commonly  involve  the  toxic  effects  of  fire  gases. 
Extensive  results,  however,  both  from  experiments  and 
from  modeling,  are  presented  in  this  paper  that  dem- 
onstrate that  occupant  life  safety  can  only  be  ensured 
by  assuring  that  furniture  fires  do  not  reach  a  high  heat 
release  rate.  Differences  among  commercial  products 
associated  with  toxicity  effects  are  not  significant.  A 
very  remote  possibility  exists  that  someone  could 
produce  furniture  having  combustion  products'  toxicity 
significantly  greater  than  exists  in  the  present  market- 
place. A  combustion  toxicity  test  does  exist  which 
would  allow  the  accurate  screening  out  of  such  prod- 
ucts. Any  usable  combustion  toxicity  test  method  re- 
quires the  use  of  test  animals;  no  non-animal-based 
test  is  possible  which  can  successfully  identify  prod- 
ucts of  unusual  or  extreme  toxicity. 
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Current  thinking  on  the  performance  of  residential  heat 
detectors  compared  to  smoke  detectors  has  recently 
been  challenged.  The  paper  was  prepared  to  assem- 
ble a  comprehensive  picture  from  the  literature  of  what 
is  known  about  the  relative  performance  of  these  two 
detector  types  in  residential  fires.  The  paper  reviews 
10  independent  studies,  conducted  over  two  decades, 
in  four  countries,  involving  206  tests  in  houses  and 
apartments,  typically  burning  actual  items  (furniture, 
mattresses,  boxes  of  trash,  clothing,  etc.)  and  using 
real  heat  and  smoke  detectors  representative  of  de- 
vices being  sold  at  the  time.  In  each  case,  the  study 
is  summarized  and  the  conclusions  relative  to  heat  and 
smoke  detector  performance  are  quoted.  All  of  the 
studies  reach  essentially  identical  conclusions,  that:  (1 ) 
either  the  ionization  or  photoelectric  smoke  detectors 
when  located  outside  bedrooms  and  on  each  level  of 
a  house  provides  adequate  warning  to  allow  occupants 
to  evacuate  through  their  normal  egress  routes  for 
most  residential  fire  scenarios;  and  (2)  heat  detectors, 
even  when  located  in  the  room  of  fire  origin  (effectively 
requiring  locating  a  heat  detector  in  every  room)  do  not 
provide  adequate  warning  in  most  fire  scenarios. 
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Some  people  cannot  use  stairwells  because  of  phys- 
ical disabilities,  and  for  these  people  fire  evacuation  is 
a  serious  problem.  A  potential  solution  of  this  problem 
is  the  use  of  elevators  for  fire  evacuation.  A  joint  project 


of  the  U.S.  National  Institute  of  Standards  and  Tech- 
nology (NIST)  and  the  National  Research  Council  of 
Canada  (NRCC)  was  formed  to  evaluate  the  feasibility 
of  using  elevators  for  the  evacuation  of  the  handi- 
capped during  a  fire.  This  project  consisted  of  concep- 
tual studies,  full  scale  fire  experiments,  and  theoretical 
analysis.  This  paper  summarizes  the  findings  of  the 
joint  project  that  are  relevant  to  the  design  of  smoke 
control  systems  for  elevators.  A  method  of  dealing  with 
elevator  piston  effect  is  discussed.  All  other  things 
being  equal,  piston  effect  is  considerably  greater  for 
single  car  hoistways  than  for  multiple  car  hoistways. 
Different  approaches  to  deal  with  the  pressure  fluctua- 
tions due  to  opening  and  closing  of  building  doors  are 
presented.  A  method  of  design  analysis  is  presented 
with  an  example  analysis.  Results  indicate  that  there 
are  many  types  of  elevator  smoke  control  systems 
which  can  be  designed  to  provide  acceptable  levels  of 
pressurization  even  under  severe  conditions  of  doors 
opening  and  closing. 
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A  series  of  experiments  are  reported  in  which  a  wood 
crib  was  burned  within  a  simulated  two  bed  hospital 
patient  room  in  order  to  measure  the  activation  times 
of  various  types  of  quick  and  standard  response  sprin- 
klers and  ionization  and  photoelectric  smoke  detectors 
at  several  locations  in  the  room  simulating  multiple  op- 
tions for  protection  of  the  space.  Gas  and  surface  tem- 
peratures, heat  flux,  carbon  dioxide,  carbon  monoxide, 
and  oxygen  concentrations  were  continuously  meas- 
ured in  order  to  access  the  tenability  of  the  room.  Of 
the  parameters  measured,  temperature  was  the  best 
indicator  of  the  tenability  of  the  space.  Temperature  at 
time  of  activation  of  the  quickl  response  sprinklers  was 
at  or  below  77  deg  C  (171  deg  F)  at  the  five  foot  level 
and  at  or  below  48  deg  C  ( 1 1 8  deg  F)  at  the  three  foot 
level  between  the  patient  beds,  in  all  tests  with  the  ex- 
ception of  the  shielded  fire  scenario  where  tempera- 
tures at  the  five  and  three  foot  levels  reached  1 1 1  deg 
C  (232  deg  F),  and  78  deg  C  (172  deg  F)  respectively. 
An  initial  detector  activation  was  received  between 
232-377  seconds  prior  to  activation  of  the  first  sprin- 
kler, and  552-722  seconds  prior  to  activation  of  the 
QR-EC  sidewall  sprinkler. 
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A  study  was  conducted  to  develop  a  sprinkler  fire  sup- 
pression algorithm  for  use  with  sprinkler  activation  time 
models.  Large-scale  experiments  were  performed  to 
determine  the  heat  release  rate  (HRR)  of  selected  of- 
fice fuel  packages  with  and  without  sprinklers  operat- 
ing. Eight  different  fuel  packages  were  evaluated.  The 
results  from  these  experiments  were  used  to  develop 
a  time  dependent  HRR  reduction  factor.  The  sprinkler 
fire  suppression  algorithm  consists  of  multiplying  the 
HRR  reduction  factor  by  the  HRR  at  the  time  of  sprin- 
kler activation,  yielding  an  expected  upper  bound  to  the 
HRR  at  a  given  time  after  sprinkler  activation  for  office 
furnishing  fires  that  are  not  heavily  shielded.  This  sprin- 
kler fire  suppression  algorithm  can  be  thought  of  as  a 
'zeroth  order'  fire  suppression  model  for  'light  hazard' 
occupancies  with  a  sprinkler  spray  density  of  0.07  mm/ 
s(0.1  gpm/sq  ft)  or  greater. 
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The  majority  of  fires  are  sensed  either  by  the  heat  or 
the  smoke  they  produce  at  a  set  location  in  space,  with 
an  alarm  signal  being  issued  when  a  threshold  tem- 
perature or  particulate  level  is  exceeded.  Many  of 
these  sensors  are  inexpensive  and  perfectly  suitable 
for  certain  applications,  but  issues  such  as  false  alarms 
and  increased  performance  can  necessitate  alternative 
sensing  techniques.  Advances  in  sensor  technology, 
in  microelectronics,  and  in  our  understanding  of  igni- 
tion and  flame  spread  provide  an  opportunity  to  greatly 
enhance  the  performance  of  fire  detection  systems  in 
traditional  applications.  Technological  advances  have 
also  led  to  new  situations  with  unique  protection  re- 
quirements at  a  time  when  environmental  consider- 
ations have  eliminated  our  most  effective  suppressants 
(halons),  making  the  early  detection  of  a  fire  even  more 
critical.  This  article  describes  some  of  these  develop- 
ments, suggests  possible  applications,  and  indicates 
limitations  to  the  technologies  which  need  to  be  over- 
come before  exploitation  is  feasible. 
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NIST  Handbook  150-6  presents  the  technical  require- 
ments of  the  National  Voluntary  Laboratory  Accredita- 
tion Program  (NVLAP)  for  Carpet  and  Carpet  Cushion 
(formerly  called  the  Carpet  Testing  program).  It  is  in- 
tended for  information  and  use  by  staff  of  accredited 
laboratories,  those  laboratories  seeking  accreditation, 
other  laboratory  accreditation  systems,  users  of  lab- 
oratory services,  and  others  needing  information  on 
the  requirements  for  accreditation  under  the  Carpet 
and  Carpet  Cushion  program.  This  publication  supple- 
ments NIST  Handbook  150  (PB94-178225)  'NVLAP 
Procedures  and  General  Requirements',  which  con- 
tains Part  285  of  Title  15  of  the  U.S.  Code  of  Federal 
Regulations  (CFR)  plus  all  general  NVLAP  proce- 
dures, criteria,  and  policies.  Handbook  150-6  contains 
information  that  is  specific  to  the  Carpet  and  Carpet 
Cushion  program  and  does  not  duplicate  information 
contained  in  the  Procedures  and  General  Require- 
ments. It  is  organized  to  cross-reference  with  Hand- 
book 150. 
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The  use  of  acoustic  emission  (AE)  as  an  early  indicator 
of  structural  materials  exposed  to  a  flame  has  been  in- 
vestigated and  found  to  be  possible.  Piezoelectric 
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transducers  have  been  mounted  directly  on  0.5  m  long, 
simply  supported  beams  ot  aluminum,  gypsum  board, 
wood  and  plastic,  and  have  been  used  to  record  ultra- 
sonic events  resulting  from  a  small  flame  placed  under 
the  beam.  The  number  of  AE  events  in  a  minute  and 
the  cumulative  energy  released  during  the  heating 
cycle  provide  a  good  measure  of  the  overheated  state 
of  some  of  these  materials  even  before  a  temperature 
increase  is  indicated.  The  measured  signals  varied  in 
energy  and  number  with  the  type  of  material,  the  thick- 
ness of  the  specimen  and  heat  flux.  Wood  was  particu- 
larly susceptible  to  acoustic  emission,  producing  more 
than  1000  events/min  in  a  solid  fir  board  and  30/min 
in  13  mm  thick  plywood  when  the  flame  exceeded  1 
kW.  Some  critical  issues  which  remain  to  be  inves- 
tigated before  this  technique  can  be  adapted  to  prac- 
tical fire  detection  are  mentioned. 
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A  set  of  upholstered  chairs  constructed  from  five  dif- 
ferent fabric/foam  combinations  was  subjected  to  a  va- 
riety of  ignition  sources  suggested  by  fire  statistics. 
The  sources  included  a  cigarette,  a  small  match-like 
flame,  an  incandescent  lamp,  a  space  heater,  and  a 
large  flame  source  (TB  133  ignition  source).  The  tests 
were  performed  in  a  furniture  calorimeter  where  heat 
release  rate  and  species  production  rates  were  ob- 
tained. For  any  chair  type,  the  time  to  the  peak  heat 
release  rate  depended  on  the  ignition  sequence,  but 
the  magnitude  of  the  peak  did  not,  within  the  scatter 
of  the  data  for  any  given  chair.  HAZARD  1 ,  the  fire  haz- 
ard assessment  method  developed  at  the  National  In- 
stitute of  Standards  and  Technology  (NIST),  was  used 
to  quantify  the  hazard  posed  by  the  different  ignition 
scenarios. 
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Acoustic  emission  (AE)  has  been  shown  to  be  a  viable 
concept  for  the  early  indication  of  an  open  flame  im- 
pinging on  various  structural  materials.  To  assess  its 
effectiveness  in  a  more  realistic  environment,  experi- 
ments have  been  performed  in  a  2.4  m  cubical  room 
constructed  of  gypsum  board  and  wood.  AE  trans- 
ducers were  mounted  on  top  of  a  ceiling  joist  and  on 
a  wall  stud.  The  threats  examined  were  a  natural  gas 
fire  producing  a  thermal  load  up  to  125  kW,  and  a  char- 
ring condition  achieved  by  attaching  a  550  W  electrical 
heater  to  a  wall  stud.  A  signal  discernable  above  the 
background  was  recorded  from  at  least  one  AE  sensor 
in  six  of  nine  situations.  The  conclusion  is  that  AE 
emission  appears  to  be  sufficiently  sensitive  to  detect 
two  particular  threats,  and  that  an  overheated  condition 
in  a  wall  or  ceiling  can  be  detected  if  it  is  not  more  than 
3  m  from  the  transducer. 
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A  literature  based  study  was  conducted  at  the  Building 
and  Fire  Research  Laboratory  of  the  National  Institute 
of  Standards  and  Technology  to  compare  characteris- 
tics and  usage  of  steel,  copper,  chlorinated  polyvinyl 
chloride  and  polybutylene  fire  sprinkler  pipe  primarily 
related  to  residential  and  light  hazard  installations.  This 
report  addresses  key  variables,  such  as  material  prop- 
erties, usage  criteria  and  limitations,  design  and  instal- 
lation requirements,  economics  and  maintenance.  This 
study  was  sponsored  by  the  United  States  Fire  Admin- 
istration, and  presents  information  useful  for  the  selec- 
tion of  a  sprinkler  pipe  material. 
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The  physical  and  chemical  transformations  associated 
with  a  burgeoning  fire  are  discussed  and  the  results 
of  past  experimental  measurements  of  these  trans- 
formations are  summarized.  Standard  test  methods  for 
the  current  generation  of  fire  detectors  and  recent  de- 
velopments in  detection  technologies  for  which  existing 
standards  may  not  be  suitable  are  described.  The  lit- 
erature has  been  reviewed  to  determine  the  extent  to 
which  fires  have  been  characterized  in  their  early 
phase.  One  finds  dramatic  variations  in  the  measured 
magnitude  and  rate  of  growth  of  CO  concentration  in 
a  variety  of  standard  fires.  The  variation  is  also  large 
between  repeat  runs  of  the  same  tests.  When  scaled 
by  estimated  mass  consumed  of  fuel,  the  different 
standard  fires  group  a  bit  more  systematically.  Addi- 
tional measurements  of  species,  temperature  and  ve- 
locity just  above  the  flame  are  suggested  to  get  a  more 
complete  footprint  of  each  fire  type.  Similar  measure- 
ments of  non-fire  nuisance  sources  are  required  in 
order  to  discriminate  between  a  fire  and  non-threaten- 
ing situation  with  a  high  degree  of  certainty.  The  con- 
cept of  a  universal  fire  emulator/detector  evaluator  (FEZ 
DE)  is  introduced.  The  objective  is  to  have  a  facility 
that  will  eliminate  the  unavoidable  run-to-run  variations 
associated  with  full-scale  tests,  and  to  allow  more  well 
controlled  environments.  Computational  fluid  dynamics 
could  then  be  used  to  insert  the  fire  source  into  the 
space  being  protected  to  guide  detector  placement  and 
to  predict  system  performance,  as  well  as  to  compare 
alternative  systems  and  new  concepts  on  a  level,  real- 
istic playing  field. 
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Twenty-seven  material  combinations  (seven  fabrics, 
four  barriers  and  two  polyurethane  foams)  were  tested 
in  four  cushion  mock-up  form  in  accord  with  California 
Technical  Bulletin  133  using  a  furniture  calorimeter. 
Both  mock-up  and  Cone  sample  behavior  were  re- 
corded on  video  to  facilitate  behavioral  comparisons  of 
the  samples;  distinct  differences  were  noted  for  ther- 


moplastics fabrics.  The  mock-up  behavior  always  com- 
prised at  least  a  heat  release  peak  during  the  80  sec- 
ond gas  burner  exposure;  it  often  included  a  later  and 
larger  peak  as  well.  A  statistical  fit  of  the  available  data 
to  these  more  complex  types  of  correlations  appears 
to  work  best  for  charring  fabrics;  it  helps  improve  the 
correlation  for  all  types  of  fabrics  but  at  least  two  mate- 
rial combinations  were  outliers. 
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This  paper  considers  factors  affecting  the  design  of  an 
effective  and  versatile  calorimeter  hood  and  exhaust 
system.  The  purpose  of  the  calorimeter,  design  func- 
tions, and  inherent  limitations  of  a  particular  design  are 
discussed.  The  interactions  between  the  hood  struc- 
ture and  the  fire  and  its  plume  are  analyzed  in  the  con- 
text of  avoiding:  flame  impingement  on  the  hood;  en- 
hanced combustion  of  a  test  article,  over  and  above 
that  of  a  free-burn;  loss  of  combustion  product  plume 
gases  due  to  'spill-over'  below  the  hood;  and  unaccept- 
able dilution  of  plume  gases  in  the  measurement  sec- 
tion of  the  exhaust  duct.  Methods  to  partially  or  com- 
pletely achieve  the  ideal  design  are  presented.  These 
include  the  combined  features  of  adjustable  hood  ele- 
vation and  adjustable  hood  exhaust  rate. 
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A  significant  portion  of  residential  fires  stem  from  kitch- 
en cooking  fires.  Existing  fire  data  indicate  that  cooking 
fires  primarily  are  unattended  and  most  often  involve 
oil  or  grease.  The  purpose  of  this  investigation  was  to 
ascertain  the  existence  of  one  or  more  common  fea- 
tures or  characteristics  of  the  pre-ignition  environment 
that  could  be  used  as  input  to  a  sensor  in  a  pre-fire 
detection  device.  The  ultimate  goal  of  this  continuing 
study  is  to  evaluate  the  feasibility  of  incorporating  such 
a  device  into  the  range  that  would  react  to  a  pre-fire 
condition  and  reduce  the  occurrence  of  unwanted 
kitchen  fires. 


00,304 

PB96-141056       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Fire  Safety  Engineering  Div. 
Evaluation  of  Sprinkler  Activation  Prediction  Meth- 
ods. 

Final  rept. 

D.  Madrzykowski.  1995,  8p. 

Pub.  in  International  Conference  on  Fire  Science  and 
Engineering  (1st),  ASIAFLAM  '95,  Kowloon,  Hong 
Kong,  March  15-16,  1995,  p21 1-218. 

Keywords:  'Sprinklers,  'Activation,  'Time  lapse,  Fire 
suppression,  Flame  propagation,  Fire  detectors,  Gas 
burners,  Fire  tests,  Computer  models,  Reprints,  Com- 
partment fires,  Heat  release  rate,  Thermal  detectors. 

The  objective  of  this  study  was  to  evaluate  the  ability 
of  sprinkler  activation  models  to  predict  activation  time. 
Large  scale  compartment  fire  tests  were  used  to  obtain 
activation  times  for  four  different  types  of  sprinklers. 
The  tests  were  conducted  in  an  18.9  m  by  2.35  m  high 
compartment  using  floor  based,  gas  burner  fires  with 
constant  heat  release  rates  of  115, 155,  215,  290,  and 


00,304 


37 


BUILDING  INDUSTRY  TECHNOLOGY 


Building  Equipment,  Furnishings,  &  Maintenance 


520  kW.  Non-dimensional  sprinkler  radial  positions,  r/ 
H,  of  0.67  and  1.3  were  evaluated.  In  addition  to  sprin- 
kler activation  times,  ceiling  jet  temperature,  velocity, 
and  radiation  measurements  were  made.  The  study  in- 
cluded: (1)  a  review  of  public  domain,  personal-com- 
puter based,  single-compartment  thermal-detector  ac- 
tivation models;  (2)  an  analysis  of  predicted  vs.  experi- 
mental sprinkler  activation  times;  and  (3)  a  method  to 
determine  the  applicability  of  current  sprinkler  activa- 
tion models. 
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A  series  of  fire  experiments  were  conducted  in  vacant 
single  family  dwelling  on  South  Bristol  Street  in  Santa 
Ana,  California.  Fire  experiments  were  conducted  in 
bedrooms  and  living  rooms.  Fuel  consisted  of  either 
home  furnishings  or  a  propane  burner.  Fire  phenom- 
ena measured  included:  temperatures  within  various 
rooms,  wall  jet  velocity,  fuel  mass  dring  burning,  heat 
flux  smoke  detector  activation  time,  sprinkler  activation 
time,  oxygen  concentration,  and  time  to  full  room  in- 
volvement. 
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Research  funded  under  the  Fire  Safe  Cigarette  Act  of 
1990  (United  States  Public  Law  101-352)  has  led  to 
the  development  of  two  test  methods  for  measuring  the 
ignition  propensity  of  cigarettes.  The  Mock-Up  Ignition 
Test  Method  uses  substrates  physically  similar  to  up- 
holstered furniture  and  mattresses:  a  layer  of  fabric 
over  padding.  The  measure  of  cigarette  performance 
is  ignition  or  non-ignition  of  the  substrate.  The  Ciga- 
rette Extinction  Test  Method  replaces  the  fabric/pad- 
ding assembly  with  multiple  layers  of  common  filter 
paper.  The  measure  of  performance  is  full-length  burn- 
ing or  self-extinguishment  of  the  cigarette.  Routine 
measurement  of  the  relative  ignition  propensity  of  ciga- 
rettes is  feasible  using  either  of  the  two  methods.  Using 
the  two  methods,  some  current  commercial  cigarettes 
are  shown  to  have  reduced  ignition  propensities  rel- 
ative to  the  current  best-selling  cigarettes. 
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This  fire  safety  educational  booklet  provides  informa- 
tion on  residential  fires,  especially  involving  children 
and  older  persons.  The  proper  use  of  smoke  detectors, 
heat  detectors,  fire  alarm  systems,  and  residential 
sprinkle's  is  presented.  Guidelines  on  the  preparation 
of  a  heme  escape  plan  is  included. 
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Seismic  design  requirements  for  nonstructural  building 
components  of  five  major  building  codes,  including  the 
1994  Uniform  Building  Code,  the  1994  Standard  Build- 
ing Code,  the  1994  NEHRP  Recommended  Provisions 
for  Seismic  Regulations  for  New  Buildings,  the  New 
Zealand  Building  Code,  and  the  Japanese  Building 
Code,  were  reviewed  in  this  study.  Comparisons  of 
codes  reveal  wide  variation  in  seismic  force  and  dis- 
placement requirements,  both  in  terms  of  levels  of 
stringency  and  levels  of  details.  The  study  also  found 
a  lack  of  focused  investigations,  dedicated  to  mitigating 
seismic  damage  to  nonstructural  building  components, 
even  though  widespread  damage  to  nonstructural 
building  components  continues  to  be  observed  in  re- 
cent earthquakes.  Based  on  the  findings  of  this  review, 
areas  of  needed  research  were  identified. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  has  developed  a  personal  computer  model, 
called  NOIST,  for  predicting  the  transient  moisture  and 
heat  transfer  within  building  envelopes.  The  paper 
summarizes  selected  results  from  a  comprehensive 
laboratory  experiment  conducted  to  verify  the  accuracy 
of  the  computer  model  in  the  hygroscopic  regime.  The 
paper  discusses  three  different  multilayer  wall  speci- 
mens installed  in  a  calibrated  hot  box.  The  exterior  sur- 
faces of  the  wall  specimens  were  first  exposed  to  both 
steady  and  time-dependent  winter  conditions,  while 
their  interior  surfaces  were  maintained  at  21  degrees 
C  (70  degrees  F)  and  50%  relative  humidity. 
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The  BACnet  standard  defines  classes  of  conformance 
and  other  collections  of  protocol  functionality.  The 
paper  describes  BACnet  conformance  classification  is- 
sues and  the  work  of  the  NIST  consortium  in  develop- 
ing testing  tools  and  applying  them  to  test  products 
made  by  member  companies. 

00,311 

PB97-112312       Not  available  NTIS 


National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Building  Environment  Div. 
Factors  Affecting  the  Energy  Consumption  of  Two 
Refrigerator-Freezers. 

Final  rept. 

J.  Y.  Kao,  and  G.  E.  Kelly.  1996,  11  p. 
Sponsored  by  Department  of  Energy,  Washington,  DC. 
Office  of  Codes  and  Standards. 
Pub.  in  American  Society  of  Heating,  Refrigerating  and 
Air-Conditioning  Engineers  Transaction  Annual  Meet- 
ing, San  Antonio,  TX.,  June  23-26,  1996,  v102  pt2  p1- 
11. 

Keywords:  "Refrigerators,  "Freezers,  "Energy  con- 
sumption, "Performance  evaluation,  Temperature 
measurement,  Room  temperature,  Humidity,  Doors, 
Performance  tests,  Reprints. 

Two  refrigerator-freezers,  one  with  a  top-freezer  and 
one  with  side-by-side  doors,  were  tested  in  the  labora- 
tory to  determine  the  sensitivity  of  their  energy  con- 
sumption to  various  operational  factors.  Room  tem- 
perature, room  humidity,  door  openings,  and  the  set- 
ting of  the  anti-sweat  heater  switch  were  the  factors 
examined.  The  results  indicated  that  the  room  tem- 
perature and  door  openings  had  a  significantly  greater 
effect  on  energy  consumption  than  the  other  two  fac- 
tors. More  detailed  tests  were  then  performed  under 
different  room  temperature  and  door  opening  combina- 
tions. The  relationship  of  door  openings  and  the  equiv- 
alent test  room  temperature  were  established.  Finally, 
the  effect  on  energy  of  different  temperature  settings 
were  studied.  Test  results  are  presented  and  dis- 
cussed. 
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E06. 

This  paper  reviews  the  activities  of  ASTM  Committee 
E06  on  Performance  of  Buildings  and  the  Subcommit- 
tee E06.25  on  Whole  Buildings  and  Facilities.  Planned 
standards  activities  are  outlined  for  14  task  groups. 
Under  development  are  standards  related  to  objective 
rating  of  quality  and  functionality  of  office  facilities,  area 
measurements,  scales  for  comparing  the  operation 
and  maintenance  of  facilities,  rating  scales  for  compar- 
ing the  functionality  and  quality  of  educational  facilities, 
behavioral  measures,  measurement  of  serviceability, 
rating  buildings  for  their  overall  energy  performance 
and  monitoring  and  comparing  end-use  electrical  con- 
sumption of  commercial  buildings  and  monitoring  the 
energy  use  of  residential  buildings.  An  overview  of  the 
full  ASTM  Committee  E06  on  Performance  of  Buildings 
is  provided. 
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This  report  summarizes  investigations  of  the  formation 
of  carbon  monoxide  (CO)  in  enclosure  fires-the  most 
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important  factor  in  fire  deaths.  It  contains  the  first  com- 
plete review  and  analysis  of  the  literature  available  on 
the  global  equivalence  ratio  (GER)  concept.  The  re- 
sults of  a  number  of  recent  investigations  (including 
work  during  the  past  fiscal  year)  which  were  either  sup- 
ported by  the  BFRL  Grants  Program  or  carried  out  in- 
house  are  then  discussed.  Based  on  the  findings,  two 
completely  new  mechanisms  for  the  formation  of  CO, 
in  addition  to  the  quenching  of  a  fire  plume  by  a  rich 
upper  layer  covered  by  the  GER  concept,  are  identi- 
fied. The  first  involves  reaction  of  rich  flame  gases  with 
air  which  is  entrained  directly  into  the  high-temperature 
upper  layer  of  an  enclosure  fire.  The  second  results 
from  the  pyrolysis  of  oxygenated  polymers  (such  as 
wood)  which  are  located  in  a  rich,  high-temperature 
upper  layer.  The  findings  of  these  studies  form  the 
basis  of  an  analysis  which  yields  the  conditions  for 
which  use  of  the  GER  concept  is  appropriate  for  pre- 
dicting CO  formation  in  enclosure  fires. 
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This  editorial  addresses  the  need  for  worldwide  co- 
operation in  building  research.  Activities  and  opportuni- 
ties are  cited  where  the  International  Council  for  Build- 
ing Research,  Studies  and  Documentation  (CIB)  can 
provide  a  forum  for  facilitating  cooperative  activities. 

00,315 

PB95-231858       PC  A05/MF  A02 
Green  (Melvyn)  and  Associates,  Inc.,  Torrance,  CA. 
Comparison  of  the  Seismic  Provisions  of  Model 
Building  Codes  and  Standards  to  the  1991  NEHRP 
Recommended  Provisions. 
May  95,  98p,  N I ST/GCR- 95/674. 
Sponsored  by  National  Inst,  of  Standards  and  Tech- 
nology (BFRL),  Gaithersburg,  MD.  and  Federal  Emer- 
gency Management  Agency,  Washington,  DC.  Mitiga- 
tion Directorate. 

Keywords:  'Building  codes,  "Earthquake  resistant 
structures,  Federal  building,  Structural  design,  Seismic 
waves,  Design  standards,  Earthquake  engineering, 
Standards,  Design  criteria,  Regulations,  Tables(Data). 

The  intent  of  this  study  is  to  review  the  seismic  provi- 
sions of  the  current  editions  the  BOCA  National, 
SBCCI  Standard  and  the  ICBO  Uniform  Codes  to  de- 
termine whether  the  codes  provide  an  equivalent  level 
of  safety  to  that  contained  in  the  1991  Edition  of  the 
NEHRP  Provisions.  In  addition  the  provision  of  the 
CABO  One  and  Two  Family  Dwelling  Code  and  ASCE 
7-93  are  reviewed. 
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This  paper  explores  questions  from  the  perspective  of 
the  fire  scientist,  the  practicing  engineer,  and  the  regu- 
latory official.  The  fir  scientist  needs  to  be  explicit  about 
the  impact  of  assumptions  on  the  applicability  of  the 
results.  The  engineer  needs  to  utilize  methods  and  as- 
sumptions which  are  justified  by  the  application  and  to 
assess  the  sensitivity  and  uncertainty  implications.  The 
regulatory  officials  are  insisting  on  appropriate  and 
properly  documented  methods.  There  is  a  need  for 
models  and  calculations  incorporated  into  codes  of 


practice,  handbooks,  or  the  codes  themselves  to  be  re- 
viewed, verified,  documented,  and  approved  for  use  in 
specific  manners  and  by  qualified  persons.  There  are 
international  efforts  to  define  levels  of  risk  acceptable 
to  society  in  specific  occupancies. 
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The  quest  for  innovation  and  quality  assurance  in  con- 
struction makes  it  important  to  recognize  the  need  for 
technologies  far  beyond  those  in  use  today.  Although 
we  now  check  for  conformance  to  codes  and  stand- 
ards, gather  and  document  product  information,  use 
computer-aided  design  (CAD)  and  engineering,  and 
apply  the  principles  that  help  ensure  quality,  there  will 
be  better  ways  to  do  these  tasks  in  the  future.  We  call 
them  infratechnologies. 
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Trends  in  building  technology  for  North  America  will  be 
dominated  by  advances  in  building  process  tech- 
nologies: advanced  computation  and  automation. 
These  will  facilitate  effective  responses  to  demands  for 
increasing  the  international  competitiveness  of  North 
American  commerce  and  industry,  supporting  new  in- 
dustries, commerce  and  life  styles,  improving  safety 
and  health,  and  conserving  energy  and  the  environ- 
ment. Advanced  information  technologies  will  affect  or- 
ganization of  the  building  process  to  allow  better  atten- 
tion to  design  to  issues  such  as  constructability,  main- 
tainability, and  productivity  of  constructed  facilities.  Au- 
tomation will  advance  in  design,  construction  and  oper- 
ation (intelligent  buildings)  of  constructed  facilities. 
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The  National  Science  and  Technology  Council 
(NSTC),  a  cabinet-level  group  charged  with  setting 
Federal  technology  policy,  has  established  the  Com- 
mittee on  Civilian  Industrial  Technology  (CCIT),  to  en- 
hance the  international  competitiveness  of  U.S.  indus- 
try. The  Subcommittee  on  Construction  and  Building 


(C&B)  of  CCIT  deals  with  Federal  technology  policies 
and  programs  related  to  the  industries  that  conduct 
R&D,  and  produce,  operate  and  maintain  constructed 
facilities  including  buildings  and  infrastructure.  The  re- 
port provides  some  background  on  the  construction  in- 
dustry, describes  the  role,  the  goals,  and  milestones 
of  the  program,  and  lists  the  Federal  agencies  partici- 
pating in  the  Subcommittee.  The  goals  of  better  build- 
ings and  improved  health  and  safety  of  construction 
workers  have  been  strongly  endorsed  in  a  white  paper 
developed  and  published  by  the  Civil  Engineering  Re- 
search Foundation.  The  white  paper  is  included  as  an 
appendix. 
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Standard  methods,  guides,  and  classifications  are 
available  for  use  in  the  economic  evaluation  of  build- 
ings and  building  components.  Standards  help  owners, 
consultants,  designers,  and  managers  to  reduce 
project  costs  and  enhance  profits  by  providing  a  con- 
sistent basis  for  comparing  the  economic  worth  of 
building  alternatives.  This  applies  to  government  and 
private  projects  undertaken  domestically  and  abroad. 
The  paper  explains  how  sometimes  conflicting  vested 
interests  can  work  as  a  team  in  the  standards  process 
to  create  consensus  standards.  It  surveys  and  explains 
the  application  of  specific  ASTM  standard  methods, 
such  as  life-cycle  costing  and  the  savings-to-invest- 
ment  ratio  methods.  It  explains  the  role  that  business, 
government  agencies,  and  professional  societies  such 
as  the  American  Association  of  Cost  Engineers 
(AACE)  play  in  the  promulgation  of  standards.  The 
paper  concludes  that  organizations  need  to  participate 
in  or  at  least  be  abreast  of  the  latest  developments  in 
standard  methods  to  reduce  expenditures,  keep  com- 
petitive, and  maximize  profits. 


00,321 

PB95-1 22537       PC  A03/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Program  of  the  Subcommittee  on  Construction  and 
Building  (July  1994). 

R.  N.  Wright,  A.  H.  Rosenfeld,  and  A.  J.  Fowell.  Jul 
94,  48p,  NISTIR-5443-A. 

Supersedes  PB94-1 93646.  Prepared  in  cooperation 
with  Department  of  Energy,  Washington,  DC.  Assistant 
Secretary  for  Energy  Efficiency  end  Renewable  En- 
ergy. 

Keywords:  "Construction,  "Competitiveness, 
"Technology  innovation,  Health,  Buildings,  Construc- 
tion materials,  Safety,  Automation,  Research  and  de- 
velopment, Productivity,  Energy  efficiency. 

The  President  has  established  the  National  Science 
and  Technology  Council  (NSTC),  a  cabinet-level  group 
charged  with  setting  Federal  science  and  technology 
policy,  to  coordinate  and  prioritize  R&D  and  deploy- 
ment strategies  across  a  broad  cross-section  of  public 
and  private  interests.  It  has  established  nine  research 
and  development  committees,  including  the  Commit- 
tee on  Civilian  Industrial  Technology  (CCIT)  to  collabo- 
rate with  the  private  sector  in  developing  a  comprehen- 
sive national  technology  policy.  The  purpose  of  CCIT 
is  to  enhance  the  international  competitiveness  of  U.S. 
industry  through  Federal  technology  policies  and  pro- 
grams. The  Subcommittee  on  Construction  and  Build- 
ing coordinates  and  defines  priorities  for  Federal  re- 
search, development  and  deployment  related  to  the  in- 
dustries that  produce,  operate  and  maintain  con- 
structed facilities,  including  buildings  and  infrastruc- 
ture. The  Subcommittee  on  Construction  and  Building 
has  studied  research  priorities  including  those  ex- 
pressed by  the  construction  industry  and  defined  two 
priority  thrusts;  better  constructed  facilities  and  health 
and  safety  of  the  construction  workforce. 

00,322 

PB95-154704       PC  A07/MF  A02 


00,322 


39 


BUILDING  INDUSTRY  TECHNOLOGY 


Construction  Management  &  Techniques 


National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD. 

Rationale  and  Preliminary  Plan  for  Federal  Re- 
search for  Construction  and  Building. 

R.  N.  Wright,  A.  H.  Rosenfeld,  and  A.  J.  Fowell.  Nov 
94,  140p,  NISTIR-5536. 

Also  available  from  Supt.  of  Docs.  Sponsored  by  De- 
partment of  Energy,  Washington,  DC.  Assistant  Sec- 
retary for  Energy  Efficiency  and  Renewable  Energy. 

Keywords:  "Research,  "Buildings,  "Construction, 
"Technology  assessment,  Construction  materials, 
Government/industry  relations,  Technology  transfer, 
Competitiveness,  Project  management,  Occupational 
safety,  Civil  engineering. 

The  National  Science  and  Technology  Council 
(NSTC),  a  cabinet-level  group  charged  with  setting  fed- 
eral technology  policy,  coordinates  R&D  strategies 
across  a  broad  cross-section  of  public  and  private  in- 
terests. It  has  established  nine  research  and  develop- 
ment committees,  including  the  Committee  on  Civilian 
Industrial  Technology  (CCIT),  to  collaborate  with  the 
private  sector  in  developing  a  comprehensive  national 
technology  policy.  The  purpose  of  CCIT  is  to  enhance 
the  international  competitiveness  of  U.S.  industry 
through  federal  technology  policies  and  programs.  The 
Subcommittee  on  Construction  and  Building  (C&B)  of 
CCIT  coordinates  and  defines  priorities  for  Federal  re- 
search, development  and  deployment  related  to  the  in- 
dustries that  produce,  operate  and  maintain  con- 
structed facilities,  including  buildings  and  infrastruc- 
ture. 
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Traditional  economic  methods-life  cycle  costing,  ben- 
efit-to-cost ratio,  net  benefits  analysis,  adjusted  inter- 
nal rate  of  return,  and  discounted  payback-are  de- 
scribed for  evaluating  building  decisions  about  accept- 
ing or  rejecting  a  given  building,  and  the  economically 
efficient  combination  of  projects  competing  for  a  limited 
budget.  Appropriate  applications  for  each  economic 
method  are  described.  Technically  correct  formulas  for 
the  methods  are  presented.  Techniques  are  described 
that  to  some  extent  account  for  uncertainty  in  input 
variables  and  in  some  cases  risk  exposure  and  risk  at- 
titude. The  techniques  are  conservative  benefit  and 
cost  estimating,  sensitivity  analysis,  the  risk-adjusted 
discount  rate,  mean-variance  criterion,  coefficient  of 
variation,  decision  analysis,  simulation,  mathematical/ 
analytical  technique,  and  portfolio  analysis.  Advan- 
tages and  disadvantages  of  each  are  described.  Guid- 
ance is  provided  for  selecting  the  appropriate  tech- 
nique for  any  given  investment  problem. 
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This  planning  report  is  a  resource  document  designed 
to  provide  the  private  sector  with  a  straw  man  on  a  di- 


rection and  strategy  for  construction  and  building  re- 
search, development,  and  demonstration  to  achieve 
the  National  Construction  Goals,  and  the  products  like- 
ly to  be  produced  by  that  effort.  The  report  also  will 
provide  federal  agencies  with  information  on  each  oth- 
er's R&D  programs  to  facilitate  coordination  of  effort. 
The  Federal  and  private  sector  plans  will  be  coordi- 
nated to  form  an  industry-led  National  Plan  to  meet  the 
National  Construction  Goals.  This  report  provides 
background  on  each  of  the  goals,  the  measures  by 
which  progress  can  be  gauged,  and  research  needed. 
The  industry  perspective  on  relative  importance  of  the 
different  goals  by  the  various  sectors  of  the  construc- 
tion industry  is  reported,  and  the  intitial  strategy  pro- 
posed by  some  of  those  sectors  to  provide  a  platform 
for  the  National  Plan  is  outlined. 
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Multiattribute  decision  analysis  (MADA)  methods  con- 
sider non-financial  attributes  (qualitative  and  quan- 
titative) in  addition  to  common  financial  worth  meas- 
ures when  evaluating  project  alternatives.  The  report 
reviews  14  classes  of  methods  for  performing  MADA. 
It  summarizes  their  usefulness  for  screening,  ranking, 
and  choosing  among  projects;  their  data  input  require- 
ments; and  how  each  method  scores  project  alter- 
natives. Two  methods-the  analytical  hierarchy  proc- 
ess (AHP)  and  non-traditional  capital  investment  cri- 
teria (NCIC)-are  described  in  detail.  Assumptions, 
procedures,  strengths,  and  limitations  are  described 
for  each. 
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The  purpose  of  this  Commercial  Standard  is  to  estab- 
lish, on  a  national  basis,  standard  dimensions  and  sig- 
nificant quality  requirements  for  polyvinyl  chloride 
(PVC)  plastic  drain,  waste,  and  vent  (DWV)  pipe  and 
fittings.  It  is  also  intended  to  inform  producers,  distribu- 
tors, engineers,  code  officials,  and  users  of  the  signifi- 
cant qualities  of  this  product  to  assist  buyers  and  ven- 
dors in  obtaining  and  vending  quality  merchandize  for 
the  benefit  of  the  user,  and  to  promote  understanding 
among  all  these  groups  concerning  commercially  avail- 
able PVC  plastic  DWV  pipe  and  fittings. 
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The  purpose  of  this  Commercial  Standard  is  to  estab- 
lish, on  a  national  basis,  standard  dimensions  and  sig- 
nificant quality  requirements  for  acrylonitrile-buta- 
diene-styrene  (ABS)  plastic  drain,  waste,  and  vent 
(DWV)  pipe  and  fittings.  It  is  also  intended  to  inform 
producers,  distributors,  engineers,  code  officials,  and 
users  of  the  significant  qualities  of  this  product,  to  as- 
sist buyers  and  vendor  in  obtaining  and  vending  quality 
merchandise  for  the  benefit  of  the  user,  and  to  promote 
understanding  among  all  these  groups  concerning 
commercially  available  ABS  plastic  DWV  pipe  and  fit- 
tings. 
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Window  glass  breaking  plays  an  important  role  in  com- 
partment fire  dynamics  as  the  window  acts  as  a  wall 
before  breaking  and  as  a  vent  after  breaking.  Previous 
work  suggested  a  model  for  the  time  to  breakage  of 
a  window  glass  exposed  to  a  particular  fire.  In  this 
paper,  the  glass  thermal  fields  obtained  using  that 
model  are  examined  in  detail.  The  temperature  field 
dependence  on  heat  transfer  coefficients,  radiative 
decay  length  and  flame  radiation  is  explored.  The  re- 
sults show  that  the  glass  surface  temperature  in- 
creases with  a  decrease  in  the  decay  length  and  in- 
creases with  an  increase  in  flame  radiation  heat  flux. 
Early  in  the  fire,  the  glass  temperature  may  be  higher 
than  the  hot  layer  temperature  due  to  direct  impinge- 
ment of  flame  radiation.  Later  the  glass  temperature 
lags  the  hot  layer  temperature.  The  variation  of  the 
time  to  breakage  as  a  function  of  the  shading  width 
and  decay  length  is  also  presented  and  the  results  indi- 
cate that  the  breaking  time  decreases  with  an  increase 
in  the  shading  width  and  decreases  with  a  decrease 
in  decay  length.  Heat  flux  maps  for  typical  conditions 
indicate  that  most  of  the  heat  influx  is  stored  in  the 
glass,  increasing  its  temperature. 
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Waterproofing  of  roofs  of  commercial  and  industrial 
buildings  in  the  United  States  is  primarily  accomplished 
using  low-sloped  membrane  roofing  systems.  Esti- 
mates indicate  that  approximately  300  million  square 
meters  (3  billion  square  feet)  of  membrane  roofing  is 
installed  annually.  The  three  main  types  of  membranes 
are  built-up  bituminous,  single-ply  elastomeric  and 
thermoplastic,  and  polymer-modified  bitumens.  In  ad- 
dition to  the  membrane,  the  other  main  components 
are  insulation  boards  and  the  structural  deck,  with  ele- 
ments such  as  vapor  retarders  and  membrane 
surfacings  used  in  some  systems. 
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Microstructural  Features  of  Some  Low  Water/Sol- 
ids, Silica  Fume  Mortars  Cured  at  Different  Tem- 
peratures. 
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The  microstructure  of  mortars  with  water/solids  ratios 
(w/s)  of  0.36  and  0.29,  cured  under  water  at  7,  23,  and 
40  C,  were  studied  by  scanning  electron  microscopy 
and  X-ray  powder  diffractometry.  The  mortars  con- 
tained silica  fume  and  a  superplasticizer.  The  degree 
of  hydration  and  extent  of  pozzolanic  reaction  was  esti- 
mated after  quantifying  the  residual  unhydrated  ce- 
ment by  image  analysis  and  the  mass  percent  calcium 
hydroxide  by  X-ray  powder  diffraction.  Their 
microstructures  were  fairly  homogeneous  in  both  the 
bulk  paste  and  at  the  past-aggregate  transition  zone. 
In  all  mortars,  the  outer  250  micrometers  was  hydrated 
to  about  85  percent  and  highly  microcracked.  The  de- 
gree of  hydration  decreased  rapidly  beyond  the  outer 
zone  to  about  69  percent  and  less  microcracking  was 
observed.  A  temperature  effect  on  the  reactivity  of  sili- 
ca fume  was  found. 
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A  detailed  metallurgical  analysis  was  performed  on  a 
number  of  gray  cast  iron  couplings  taken  from  a  dry 
pipe  fire  suppression  system  at  the  Filene  Center  to 
verify  the  source  of  failure.  The  results  of  the  analysis 
indicated  that  all  of  the  specimens  failed  in  a  brittle 
manner  due  to  the  stresses  induced  by  the  expansion 
of  freezing  water.  The  available  background  informa- 
tion indicated  that  the  ambient  air  temperature  on  the 
night  of  the  failures  was  low  enough  to  induce  freezing 
in  a  relatively  short  time  period. 
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This  paper  describes  improvements  which  have  been 
made  in  the  CFAST  model  of  fire  growth  and  smoke 
transport  for  compartmented  structures.  In  particular, 
we  are  interested  in  the  ability  to  model  the  movement 
of  toxic  gases  from  the  room  of  origin  of  a  fire  to  a  dis- 
tant compartment.  The  newest  phenomena  in  the 
model  are  vertical  flow  and  mechanical  ventilation.  Fi- 
nally, we  have  improved  the  radiation  transport 
scheme  which  affects  energy  distribution,  and  there- 
fore the  buoyancy  forces.  These  are  very  important  in 
actual  situations  relevant  to  fire  growth  and  smoke 
propagation,  as  is  demonstrated. 
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Three  portland  cement  clinker  reference  materials  are 
available  from  the  Standard  Reference  Materials  Pro- 
gram at  the  National  Institute  of  Standards  and  Tech- 
nology. They  are  the  first  clinker  reference  materials 
for  phase  abundance  analyses  and  were  selected  as 
representative  of  North  American  clinker  production 
with  respect  to  the  range  of  phase  abundance,  grain 
size,  and  distribution.  They  are  intended  for  use  in  the 
development  and  testing  of  methods  for  quantitative 
phase  abundance  analyses  of  portland  cement  clinker. 
Portland  cement  clinker  microstructures  were  charac- 
terized by  backscattering  electron  imaging  in  the  scan- 
ning electron  microscope.  Clinker  phases  were  identi- 
fied on  the  basis  of  their  brightness,  grain  morphology, 
occurrence  within  the  clinker,  and  composition.  Quan- 
titative phase  abundance  analyses  by  point  counting, 
and  by  image  analysis  of  backscattered  electron  im- 
ages and,  for  periclase,  of  X-ray  maps,  generally 
agreed  with  the  reference  material  values.  With  its  ca- 
pability to  clearly  image  polished  clinker  sections  at  a 
wide  range  of  magnifications,  the  scanning  electron  mi- 
croscope with  X-ray  analysis  and  with  image  analysis 
capabilities  is  a  powerful  tool  for  quantitative  cement 
clinker  microscopy. 
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Final  rept. 

J.  H.  Pielert.  1990,  11p. 

Pub.  in  Proceedings  of  International  Symposium  Test 
Quality  and  Quality  Assurance  in  Testing  Laboratories 
for  Construction  Materials  and  Structures,  Saint-Remy- 
les-Chevreuse,  France,  October  15-17,  1990,  p60-70. 
Sponsored  by  American  Society  for  Testing  and  Mate- 
rials, Philadelphia,  PA. 

Keywords:  "Laboratories,  "Construction  materials, 
"Quality  assurance,  "Interlaboratory  comparisons, 
Standards,  Test  facilities,  Quality  control,  Standardiza- 
tion, Sampling,  Concretes,  Accuracy,  Precision,  Re- 
prints, "Proficiency  testing,  Construction  Materials  Ref- 
erence Laboratories. 

Proficiency  testing  is  a  procedure  for  using  results  gen- 
erated in  interlaboratory  test  comparisons  for  the  pur- 
pose of  assessing  the  technical  competence  of  partici- 
pating testing  laboratories.  This  gives  users  of  labora- 
tory services  confidence  that  a  testing  laboratory  is  ca- 
pable of  obtaining  reliable  results.  Interlaboratory  test- 
ing involves  the  organization,  performance  and  evalua- 
tion of  tests  on  the  same  or  similar  materials  by  two 
or  more  different  laboratories  in  accordance  with  pre- 
determined conditions.  Interlaboratory  testing  may  also 
be  used  for  checking  the  individual  performance  of  lab- 
oratory staff,  evaluating  the  effectiveness  of  a  test 
method,  and  determining  characteristics  of  a  material 
or  product.  Programs  in  the  United  States  which  use 
proficiency  testing  to  evaluate  laboratory  performance 
are  discussed  along  with  international  programs  which 
have  been  identified  by  RILEM  Technical  Committee 
91 -Cement  Reference  Laboratories.  The  U.S.  Con- 
struction Materials  Reference  Laboratories  which  dis- 
tributes over  6,000  samples  of  1 3  different  construction 
materials  is  highlighted,  along  with  ASTM  standardiza- 
tion activities  related  to  proficiency  and  interlaboratory 
testing. 
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Calculating  Flame  Spread  on  Horizontal  and  Verti- 
cal Surfaces. 

G.  N.  Ahmed,  M.  A.  Dietenberger,  and  W.  W.  Jones. 
Apr  94,  58p,  NISTIR-5392. 

Prepared  in  cooperation  with  Portland  Cement  Asso- 
ciation, Skokie,  IL.  and  Forest  Products  Lab.,  Madison, 
Wl. 

Keywords:  "Algorithms,  "Flame  propagation,  Fires, 
Buildings,  Heat  flux,  Pyrolysis,  Geometry,  Ignition, 
Mathematical  models,  Soot,  "Compartment  fires,  "Fire 
models. 

The  flame  spread  model  described  in  this  paper  is  a 
new  algorithm  which  provides  the  capability  to  cal- 
culate a  self-consistent  fire  based  substantially  on 
bench  scale  fire  data.  The  flame  spread  model  simu- 


lates object  fire  growth  and  burnout  of  a  slab  in  a  room 
and  produces  acceptable  predictions  of  the  spread  of 
fire,  smoke  and  production  of  both  toxic  and  nontoxic 
gases.  The  purpose  of  the  flame  spread  model  is  to 
allow  a  fire  to  grow  realistically,  possibly  making  a  hole 
in  the  material  surface.  This  is  one  mechanism  for  bar- 
rier penetration.  The  algorithm  is  based  on  empirical 
data,  gathered  from  standard  test  apparatus,  including 
the  Cone  Calorimeter  and  the  LIFT  (lateral  ignition 
flame  spread  test  method).  The  objective  of  including 
the  flame  spread  model  is  to  predict  the  accelerative 
growth  of  a  fire  from  ignition  to  a  peak  value  and  then 
the  gradual  termination  normally  seen  in  a  fire.  The  in- 
tent of  the  project  was  to  develop  an  algorithm  which 
could  be  utilized  in  a  complete  model  of  a  fire  in  a  build- 
ing. The  three-dimensional  aspects  of  the  flame  spread 
model  include:  first,  panels  made  of  combustible  mate- 
rials with  different  thicknesses  and  at  various  orienta- 
tions; second,  flames  of  two  basic  types,  pool  fire  and 
purely  wall  fire;  third,  a  radiation  heat  exchange  be- 
tween objects,  flames,  and  gases.  The  pool  fire  has 
a  flame  spreading  polygon  on  a  horizontal  panel  and 
the  wall  fire  is  used  either  for  inclined  or  vertical  panels. 
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94/642. 

Grant  NIST-60NANB1D1177 

Sponsored  by  National  Inst,  of  Standards  and  Tech- 
nology (BFRL),  Gaithersburg,  MD. 

Keywords:  "Combustion  physics,  "Buildings,  Fires, 
Heat  flux,  Radiative  heat  transfer,  Accuracy,  Flame 
propagation,  Building  codes,  Mathematical  models,  Al- 
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The  report  summarizes  accomplishments  of  a  Factory 
Mutual  Research  Corporation  (FMRC)  project  on  the 
Prediction  of  Fire  Dynamics  for  the  NIST  grant  period 
August  1991  through  August  1992.  Work  performed 
under  a  subcontract  by  Professor  H.W.  Emmons  on 
Ceiling-Jet  Dynamics  and  on  Development  of  Strate- 
gies for  Performance  Fire  Codes  is  first  described 
under  Task  1 .  The  accomplishment  of  three  tasks  per- 
formed at  FMRC  are  then  presented  in  summaries  of 
Tasks  2-4.  All  of  this  work  is  aimed  at  the  development 
of  subroutines  or  algorithms  that  can  be  used  in  NIST/ 
BFRL  comprehensive  computer  models.  During  the 
past  year,  there  has  been  further  progress  in  the  devel- 
opment of  predictive  models  for  flame  radiant  heat  flux 
and  in  the  development  of  a  practical  laboratory  test 
method  for  measuring  the  smoke  point  of  solid 
noncharring  or  charring  materials.  This  progress 
should  allow  continuing  improvements  in  the  accuracy 
and  applicability  of  fire  propagation  theories. 
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See  also  PB-273  166.  Sponsored  by  National  Inst,  of 
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Keywords:  "Residential  buildings,  "Mathematical  mod- 
els, "Egress,  "Human  behavior,  "Fires,  "Fire  safety,  Al- 
gorithms, Reprints,  Human  reactions,  Decision  mak- 
ing, Injury  prevention,  Escape(Abandonment),  HAZ- 
ARD I  Computer  program. 

The  Building  and  Fire  Research  Laboratory  has  been 
developing  mathematical  models  for  predicting  the  en- 
vironmental conditions  which  occur  as  a  fire  develops 
and  spreads.  These  models  form  a  significant  part  of 
the  computer  program  entitled  HAZARD  I.  Human 
egress  modeling  has  been  implemented  in  HAZARD 
I  by  means  of  simulation  of  actual  human  movement, 
invoking  psychological  theories  and  heuristic  meth- 
odologies to  create  paths  which  the  humans  in  the  resi- 
dential building  under  consideration  would  likely  have 
taken.  The  research  supported  by  this  grant  has  been 
rather  successful  at  finding  mathematical  models,  ap- 
propriate solution  techniques,  coding  the  techniques, 
and  making  sample  applications.  In  seven  different  re- 
search papers  the  results  of  the  research  have  been 
documented.  Six  of  these  papers  have  appeared  in 
print,  while  the  seventh  is  submitted  for  publication. 
The  full  copies  of  the  papers  are  included  as  appen- 
dices of  this  report,  while  summaries  are  presented 
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here  for  the  reader's  convenience.  The  research  per- 
formed has  advanced  the  state  of  the  art  in  fire  egress 
analysis,  which  forms  an  important  part  of  fire  hazard 
analysis  and  modeling  as  embodied  in  HAZARD  I.  In 
doing  so,  some  new  mathematical  ideas,  algorithms 
and  theories  have  also  been  advanced.  It  is  particularly 
satisfying  to  have  new  mathematics  derived  in  support 
of  such  an  important  national  priority  as  fire  safety, 
and,  as  the  mathematical  knowledge  is  general,  it  may 
be  of  service  to  others  in  the  future. 
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Final  rept. 

D.  M.  Burch,  and  W.  C.  Thomas.  1992,  13p. 
Pub.  in  Proceedings  of  Conference  on  Thermal  Per- 
formance of  the  Exterior  Envelopes  of  Buildings  V, 
Clearwater  Beach,  FL,  December  7-10,  1992,  p467- 
479.  See  also  PB92-1 16334.  Sponsored  by  Depart- 
ment of  Energy,  Washington,  DC. 

Keywords:  'Wood  products,  'Moisture  content,  'Walls, 
'Mathematical  models,  "Environmental  effects,  Winter, 
Performance  evaluation,  Construction  materials,  Mois- 
ture resistance,  Capillary  flow,  Diffusion,  Heat  transfer, 
Water  vapor,  Finite  difference  method,  Framed  struc- 
tures, Permeability,  Humidity,  Reprints. 

A  transient,  one-dimensional,  finite-difference  model  is 
presented  that  predicts  that  coupled  transfer  of  heat 
and  moisture  in  a  multilayer  wall  under  nonisothermal 
conditions.  The  model  can  predict  moisture  transfer  in 
the  diffusion  through  the  capillary  flow  regimes.  It  has 
a  provision  to  account  for  convective  moisture  transfer 
by  including  embedded  cavities  that  may  be  coupled 
to  indoor  and  outdoor  air.  The  model  is  subsequently 
used  to  predict  the  time-varying  average  moisture  con- 
tent in  the  sheathing  and  siding  of  a  wood-frame  wall 
as  a  function  of  time  of  year.  The  effect  of  several  con- 
struction parameters  on  the  winter  moisture  accumula- 
tion is  investigated.  The  parameters  include  the  interior 
vapor  retarder  permeance,  sheathing  permeance,  ex- 
terior paint  permeance,  indoor  air  leakage,  and  the 
amount  of  insulation. 
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The  Fire  Data  Management  System  (FDMS)  is  being 
developed  under  international  collaboration  to  provide 
uniform  means  for  storing  fire  test  data.  The  purpose 
of  the  present  work  has  been  to  aid  the  development 
of  the  FDMS  for  practical  use  by  fire  safety  design  pro- 
fessionals. To  be  of  practical  use  by  fire  safety  design 
professionals,  the  FDMS  must  contain  relevant  data 
and  these  data  must  be  readily  accessible.  Currently, 
the  data  fields  in  the  FDMS  are  too  general  and  too 
restricted  to  be  of  practical  design  use.  Additional  data 
fields  are  needed  in  the  FDMS  to  assist  the  design  pro- 
fessional find  flammability  test  data  relevant  to  the  de- 
sign of  different  combustible  objects  in  buildings.  To 
help  identify  the  types  of  additional  data  fields  that  are 
needed,  a  series  of  morphological  charts  have  been 
developed  to  describe  the  types,  elements  and  at- 
tributes of  combustible  objects  in  buildings.  These  mor- 
phological charts  represent  a  first  effort  to  describe  a 
common  syntax  for  identifying  appropriate  objects  and 
their  attributes  for  flammability  analyses.  Further  re- 
finement of  the  charts  is  needed. 
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cal models,  Temperature  measuring  instruments. 

Flame  spread  behavior  and  the  pyrolysis  region  spread 
characteristics  along  vertical  corner  walls  were  studied 
in  detail  with  an  automated  infrared  imaging  tempera- 
ture measurement  technique  (IR  technique).  The  tech- 
nique was  recently  developed  for  the  measurement  of 
transient  pyrolysis  temperature  on  both  charring  and 
non-charring  materials.  Temporal  isotherms  on  PMMA 
samples  were  successfully  obtained,  from  which  the 
progress  rate  of  the  pyrolysis  front  was  automatically 
deduced.  It  was  found  that  the  pyrolysis  front  shape 
was  always  M-shaped,  i.e.,  no  spread  along  the  cor- 
ner, and  the  maximum  spread  is  in  a  few  centimeters 
away  from  the  corner.  Understanding  of  the  mecha- 
nism of  the  M-shape  formation  is  important  in  develop- 
ing a  prediction  model  of  the  spread  rate.  Four  possible 
mechanisms  were  identified  and  flame  displacement 
effects  are  found  to  be  the  principal  mechanism.  Tran- 
sient total  heat  flux  distributions  above  the  M-shape  py- 
rolysis peak  for  a  spreading  fire  were  measured.  Using 
these  values,  it  was  shown  that  the  upward  spread  rate 
is  predictable  from  a  simple,  one-dimensional,  thermal 
model. 
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tion, Heat  flux,  Burning  rate,  Data  bases,  Radiant  flux 
density,  Mathematical  models. 

Progress  made  on  NIST  grant  number 
60NANB8D0849  for  the  period  September  30,  1991  to 
January  15,  1993  is  reported.  The  overall  objective  is 
to  understand  the  upward  flame  spread  phenomenon 
under  simulated  surrounding  fire  conditions  by  estab- 
lishing a  data  base  for  upward  flame  spread  under  ex- 
ternal radiation,  developing  a  mathematical  model, 
measuring  the  relevant  basic  material  properties  need- 
ed, and  checking  the  validity  of  the  model  by  compar- 
ing its  results  with  data.  Emphasis  is  placed  on  study- 
ing and  predicting  the  behavior  of  practical  wall  mate- 
rials used  in  building  and  vehicle  interiors,  and  textiles. 
In  the  past  year,  the  authors  measured  flame  spread 
on  several  different  materials  under  a  range  of  external 
radiant  fluxes  of  up  to  1 5  kW/sq  m.  A  model  for  describ- 
ing the  upward  flame  spread  process  was  developed 
and  numerical  results  were  compared  with  data.  The 
model  needed  input  of  certain  properties,  such  as  the 
burning  rate  characteristics  and  surface  radiation  prop- 
erties. A  series  of  supporting  studies  were  undertaken 
which  provided  the  needed  input  properties  to  the 
model  and  other  useful  material  property  data. 
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This  paper  demonstrates  that  the  effects  of  the  ceiling 
on  the  progress  of  a  wall  fire  are  quite  significant,  and 
that  a  project  to  quantify  and  model  the  effects  of  a 


ceiling  on  the  progress  of  a  wall  fire  is  indeed  justified. 
Experimental  results  from  the  open  literature  are  used 
for  this  purpose,  as  well  as  previously  unpublished  ex- 
perimental results  obtained  at  NIST.  The  wall-fire 
SPREAD  and  the  room-fire  model  FIRST  are  used  se- 
riatim to  show  that  part  of  this  effect  can  be  calculated 
now. 
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The  report  summarizes  the  Building  and  Fire  Research 
Laboratory's  research  for  1994.  The  report  is  arranged 
by  its  research  programs,  structural  engineering,  mate- 
rials engineering,  mechanical  and  environmental  sys- 
tems, fire  science  and  engineering,  and  fire  measure- 
ment and  research.  Each  summary  lists  the  project 
title,  point  of  contact,  sponsor,  research,  and  results. 
BFRL's  mission  is  to  increase  the  usefulness,  safety, 
and  economy  of  constructural  facilities,  and  reduce  the 
human  and  economic  costs  of  unwanted  fires  in  build- 
ings. 
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Keywords:  "Vents,  "Air  flow,  "Buoyancy,  "Flame  propa- 
gation, Fire  protection,  Buildings,  Boundary  value 
problems,  Boundary  conditions,  Mathematical  models, 
Flow  rate,  'Compartment  fires,  'Fire  models. 

Combined  buoyancy-  and  pressure-driven  (i.e.,  forced) 
flow  through  a  horizontal  vent  is  considered  where  the 
vent-connected  spaces  near  the  elevation  of  the  vent 
are  filled  with  fluids  of  different  density  in  an  unstable 
configuration,  with  the  density  of  the  top  space  larger 
than  that  of  the  bottom  space.  With  zero-to-moderate 
cross-vent  pressure  difference,  delta  p,  the  instability 
leads  to  a  bi-directional  exchange  flow  between  the 
two  spaces.  For  relatively  large  delta  p,  the  flow 
through  the  vent  is  unidirectional,  from  the  high-  to  the 
low-pressure  space.  Previously  published  experi- 
mental data  and  results  of  an  analysis  of  the  relevant 
boundary  value  problems  are  used  to  develop  a  flow 
model  which  takes  all  of  these  effects  into  account.  The 
result  is  a  uniformly  valid  algorithm  to  calculate  flow 
through  shallow  (small  depth-to-span  ratio),  horizontal, 
circular  vents  under  high-Grashof  number  conditions. 
This  is  suitable  for  general  use  in  zone-type  compart- 
ment fire  models  (e.g.,  an  ambient  temperature  envi- 
ronment above  the  vent  and  a  hot  smoky  environment 
below).  The  algorithm  is  used  in  example  applications 
where  steady  rate-of-burning  in  a  ceiling-vented  room 
is  estimated  as  a  function  of  room  temperature,  vent 
area,  and  oxygen  concentration.  Results  of  the  analy- 
sis are  seen  to  be  consistent  with  previously  published 
data  involving  ceiling-vented  fire  scenarios. 
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An  algorithm  and  associated  FORTRAN  77  subroutine, 
called  VENTCF2,  is  presented  for  calculating  the  ef- 
fects on  two-layer  compartment  fire  environments  of 
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the  quasi-steady  flow  through  a  circular,  shallow  (i.e., 
small  ratio  of  depth  to  diameter),  horizontal  vent  con- 
necting two  spaces.  The  two  spaces  can  be  either  two 
inside  rooms  of  a  multi-room  facility  or  one  inside  room 
and  the  outside  ambient  environment  local  to  the  vent. 
The  description  of  the  flow  through  the  vent  is  deter- 
mined by  combining  considerations  of  the  uni-direc- 
tional-type  of  flow  driven  by  a  cross-vent  pressure  dif- 
ference and,  when  appropriate,  the  combined 
pressure-  and  buoyancy-driven  flows  which  occur 
when  the  density  configuration  across  the  vent  is  un- 
stable, i.e.,  a  relatively  cool,  dense  gas  in  the  upper 
space  overlays  a  less  dense  gas  in  the  lower  space. 
In  the  algorithm,  calculation  of  the  rates  of  flow  ex- 
change between  the  two  spaces  is  based  on  previously 
reported  model  equations.  Characteristics  of  the  ge- 
ometry and  the  instantaneous  environments  of  the  two 
spaces  are  assumed  to  be  known  and  specified  as  in- 
puts. The  outputs  calculated  by  the  algorithm/subrou- 
tine are  the  rates  and  the  properties  of  the  vent  flow 
at  the  elevation  of  the  vent  as  it  enters  the  top  space 
from  the  bottom  space  and/or  as  it  enters  the  bottom 
space  from  the  top  space.  Rates  of  mass,  enthalpy, 
and  products  of  combustion  extracted  by  the  vent  flows 
from  upper  and  lower  layers  of  inside  room  environ- 
ments and  from  outside  ambient  spaces  are  deter- 
mined explicitly. 
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Millions  of  unwanted  fires  occur  each  year.  More  effec- 
tive fire  suppression  is  a  means  to  minimizing  property 
damage  and  life  loss  due  to  fire.  The  Damkohler  num- 
ber, which  is  the  ratio  of  the  characteristic  time  for  flow 
or  diffusion  of  reactants  to  the  time  required  for  reac- 
tion, is  the  basis  for  a  fire  extinction  criterion  that  may 
provide  insight  for  many  fire  suppression  situations.  A 
correlation  of  wood  crib  fire  extinction  data  is  used  to 
show  the  predictive  capabilities  that  can  be  developed 
from  experimental  results  alone,  even  without  com- 
plete and  general  understanding  of  the  fire  suppres- 
sion phenomena.  The  use  of  computer  field  modeling 
techniques  is  discussed  as  a  means  to  generate  in- 
sight into  the  complex  physical  interactions  that  occur 
during  fire  suppression  in  an  enclosure. 
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No  zoned  smoke  control  system  has  been  tested  under 
real  fire  conditions.  This  paper  presents  a  general 
overview  of  a  project  of  full  scale  fire  experiments  to 
be  conducted  at  the  Plaza  Hotel  Building  in  Washing- 
ton, DC.  The  objectives  of  these  experiments  are  to 
evaluate  the  current  approach  concerning  minimum 
pressure  difference  and  to  achieve  smoke  control  for 
zoned  smoke  control  systems  with  and  without  stair- 
well pressurization.  Also,  the  interaction  between 
smoke  control  and  the  fire  will  be  studied.  Air  will  be 
exhausted  at  six  changes  per  hour  from  the  fire  floor 
to  evaluate  the  effect  of  this  common  exhaust  rate  on 
the  fire  energy  release  rate. 
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Considerable  advances  in  smoke  control  technology 
have  occurred  in  the  last  few  decades.  However, 
smoke  control  is  just  beginning  to  take  its  proper  place 
as  a  fire  protection  tool.  This  paper  provides  an  over- 
view of  this  technology,  including  discussions  of  the 
fundamental  principles,  stairwell  pressurization,  zoned 
smoke  control,  elevator  smoke  control,  system  activa- 
tion and  acceptance  testing.  In  addition  the  problems 
of  smoke  purging  are  addressed. 
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The  American  Society  of  Heating,  Refrigerating,  and 
Air-Conditioning  Engineers  (ASHRAE)  smoke  control 
manual  has  been  extensively  revised  and  expanded. 
This  manual  consolidates  and  systematically  presents 
data  and  calculational  procedures  for  use  by  smoke 
management  system  designers.  Fundamental  issues 
of  smoke  management  include  reliability,  activation, 
smoke  obscuration,  toxicity,  and  the  driving  forces  of 
smoke  movement.  The  mechanisms  of 
compartmentation,  dilution,  air  flow,  pressurization, 
and  buoyancy  are  used  by  themselves  or  in  combina- 
tion to  manage  smoke  conditions  in  fire  situations.  The 
new  manual  presents  systems  for  stairwell  pressuriza- 
tion, elevator  smoke  control,  zoned  smoke  control,  and 
atrium  smoke  management. 
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A  comprehensive  methodology  has  been  developed 
for  obtaining  and  using  smoke  toxicity  data  for  fire  haz- 
ard analysis.  This  bench-scale  method  can  simulate  di- 
verse fire  conditions  and  identify  extremely  toxic 
smoke  under  both  pre-  and  post-flashover  conditions. 
However,  incidence  data  show  that  most  of  the  fire 
deaths  in  the  U.S.  occur  outside  the  room  of  fire  origin 
from  smoke  and  toxic  gases  that  are  generated  from 
a  fire  under  post-flashover  conditions.  Therefore,  the 
most  relevant  real-scale  combustion  conditions  to  sim- 
ulate in  the  bench-scale  apparatus  would  be  the  post- 
flashover  conditions  which  are  achieved  by  using  radi- 
ant heat,  a  high  heat  flux,  and  correcting  the  bench- 
scale  carbon  monoxide  (CO)  results  to  agree  with  CO 
yields  observed  in  real-scale  post-flashover  fires.  The 
number  of  test  animals  (Fischer  344  male  rats)  is  mini- 
mized by  using  the  N-Gas  Model  to  estimate  the  LC50 
value  from  the  chemical  analysis  of  the  smoke.  The 
prediction  is  checked  with  a  small  number  of  animal 
tests  and  an  approximate  LC50  value  is  determined. 
The  bench-scale  results  have  been  validated  with  full- 
scale  room  wall  burns  of  a  limited  number  of  materials 
of  widely  differing  characteristics  chosen  to  challenge 
the  system.  The  toxic  potency  values  are  assessed  to 


determine  if  the  smoke  from  a  material  or  product  is 
unusually  or  extremely  toxic  and  can  then  be  used  in 
computations  of  fire  hazard. 
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EXITT  is  a  discrete  event  simulation  of  occupant  deci- 
sions and  actions  in  a  postulated  fire.  To  run  the  model 
the  physical  descriptions  of  a  residence,  a  specific  fire 
in  that  residence,  and  the  assumed  occupants  of  the 
residence  are  entered  into  the  computer.  Based  on  a 
large  set  of  decision  rules,  the  occupants  make  deci- 
sions which  are  a  function  of  the  smoke  conditions  in 
the  building,  the  characteristics  and  status  of  the  occu- 
pants (including  their  capabilities),  and  the  available 
travel  routes.  The  occupants  investigate  the  fire,  alert 
and  assist  others,  and  evacuate  the  building.  The  sim- 
ulation ends  when  all  the  occupants  are  either  out  of 
the  building  or  are  trapped  by  the  smoke. 
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Forty-one  Hollow  Clay  Tile  prisms  were  tested  in 
monotonic,  uniaxial  compression  to  failure  as  the  sec- 
ond task  in  a  two-task  prism  test  program  for  the  De- 
partment of  Energy  (DOE).  Twenty  prisms  were  nomi- 
nally 330  mm  (13  in)  thick  and  twenty-one  were  nomi- 
nally 200  mm  (8  in)  thick.  Twenty-one  prisms  were  test- 
ed with  the  compressive  load  applied  normal  to  the 
axis  of  the  hollow  cores  and  the  other  twenty  were  sub- 
jected to  compressive  load  acting  parallel  to  the  axis 
of  the  cores.  The  objectives  of  the  Task  2  test  series 
were  to:  (1)  obtain  the  compressive  strength,  (2)  deter- 
mine the  modulus  of  elasticity  in  compression,  (3)  de- 
termine Poisson's  ratio  for  the  prisms,  (4)  study  and 
understand  the  behavior  of  this  type  of  masonry  prism, 

(5)  determine  whether  workmanship  during  construc- 
tion of  the  prisms  significantly  affects  the  strength  and 

(6)  compare  the  results  of  using  load  control  versus 
displacement  control  while  loading  the  prisms.  Test  re- 
sults are  presented  in  tabular  form  to  report  the  gross 
and  net  area  compressive  strengths,  and  Secant  Mod- 
ulus of  Elasticity  on  the  gross  and  net  areas.  Load-dis- 
placement plots  are  presented  to  graphically  report  on 
the  output  from  vertical  and  horizontal  Linear  Variable 
Differential  Transformers  attached  to  the  prism  faces. 
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The  report  summarizes  recent  research  on  cementi- 
tious materials  in  western  Europe,  based  on  a  perspec- 
tive gained  during  a  six  month  stay  at  the  Centre 
Scientifique  et  Technique  du  Batiment  in  Grenoble, 
France.  During  this  time  period,  the  author  visited  six- 
teen laboratories  in  seven  different  European  coun- 
tries. Numerous  publications,  all  included  in  the  ref- 
erence list  of  this  report,  were  obtained  during  these 
visits.  Research  is  grouped  into  topical  areas  with  a 
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brief  description  of  separate  activities  at  each  institu- 
tion. Emphasis  has  been  placed  on  those  research  top- 
ics of  interest  to  the  Building  Materials  Division  of 
NIST.  A  list  of  researchers  working  on  cementitious 
materials  in  western  Europe  is  also  provided  for  those 
readers  wishing  to  obtain  further  information  on  spe- 
cific topics. 
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A  review  of  the  current  status  of  research  on  masonry 
structures  at  the  Building  and  Fire  Research  Labora- 
tory of  the  National  Institute  of  Standards  and  Tech- 
nology (NIST)  is  presented,  and  an  ongoing  project  on 
partially-grouted  masonry  shear  walls  is  summarized. 
The  report  draws  from  previous  work  conducted  at 
NIST  including  a  comprehensive  literature  review,  sim- 
ulated seismic  load  tests  of  unreinforced  and  rein- 
forced masonry  walls,  and  numerical  analyses  employ- 
ing empirical  formulations  and  finite  element  models. 
The  previous  NIST  research  culminates  with  a  prelimi- 
nary draft  outlining  a  research  program  on  partially- 
grouted  masonry  walls  and  numerical  analyses. 
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This  report  contains  the  results  of  a  detailed  computer 
analysis  to  investigate  the  effectiveness  of  three  alter- 
native practices  for  controlling  moisture  accumulation 
in  the  walls  of  manufactured  housing  during  the  winter. 
The  three  practices  included:  (1)  providing  a  vapor  re- 
tarder,  (2)  using  permeable  sheathing  and  siding,  and 
(3)  providing  an  outdoor  ventilated  cavity.  The  current 
Manufactured  Home  Construction  and  Safety  Stand- 
ards do  not  require  a  vapor  retarder  for  practices  2  and 
3.  The  analysis  was  carried  out  for  a  cold  winter  climate 
(Madison,  Wl),  an  intermediate  winter  climate  (Boston, 
MA),  a  mild  winter  climate  (Atlanta,  GA),  and  a  Pacific 
northwest  climate  (Portland,  OR).  The  practice  of  pro- 
viding a  vapor  retarder  was  found  to  be  effective  in  all 
four  climates.  The  moisture  content  of  the  siding  was 
always  considerably  below  fiber  saturation.  On  the 
other  hand,  the  practice  of  using  permeable  sheathing 
and  siding  and  the  practice  of  providing  an  outdoor 
ventilated  cavity  were  not  always  effective  in  colder  cli- 
mates. 
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Moisture  diffusivities  of  several  common  porous  build- 
ing materials  were  determined  experimentally.  Both 
wood-based  and  inorganic  materials  were  included  in 


the  study.  A  steady-flux  method  was  used  that  involved 
determining  the  one-dimensional  moisture  content  pro- 
file produced  in  a  sample  through  which  a  known  con- 
stant flux  of  water  is  flowing.  The  transient  mass  fluxes 
through  samples  upon  exposure  to  water,  steady-state 
mass  fluxes,  one-dimensional  moisture  content  pro- 
files, and  capillary  pressure  curves  for  low  suction 
pressures,  as  well  as  the  moisture  diffusivities  for  a 
range  of  moisture  contents,  are  presented  for  each  ma- 
terial. Results  of  the  study  are  compared  to  previously 
published  measurements  for  similar  materials. 
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A  set  of  comparisons  between  a  comprehensive  room 
fire  model  and  a  range  of  real-scale  fire  experiments 
is  presented.  For  these  comparisons,  a  zone-based 
model,  CFAST  ('consolidated  fire  and  smoke  transport' 
model)  is  used.  The  model  predicts  the  evolution  of  a 
fire  in  a  room  and  the  subsequent  transport  of  the 
smoke  and  toxic  gases  which  result  from  this  fire. 
These  comparisons  serve  two  purposes:  to  determine, 
within  limits,  the  accuracy  of  the  predictions  for  those 
quantities  of  interest  to  the  users  of  the  models  (usually 
those  extensive  variables  related  to  hazard),  and  to 
highlight  the  strengths  and  weaknesses  of  the  underly- 
ing algorithms  in  the  models  to  guide  future  improve- 
ments in  this  and  other  models.  The  predicted  vari- 
ables selected  for  comparison  deal  with  both  of  these 
purposes.  Although  differences  between  the  model 
and  the  experiments  were  clear,  they  can  be  explained 
by  limitations  of  the  model  and  of  the  experiments. 
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Ability  to  predict  the  service  life  of  building  materials, 
components,  and  systems  is  needed  to  improve  the 
selection  process.  Evaluation  of  durability  using  exist- 
ing standards  does  not  give  adequate  service  life  infor- 
mation. Because  service  life  prediction  is  more  com- 
plex than  current  durability  evaluations,  its  standard- 
ization will  require  a  new  body  of  standards  to  be  put 
in  place.  The  standards  must  define  a  general  meth- 
odology, and  essential  components  of  the  methodol- 
ogy. These  are  environmental  characterization,  char- 
acterization of  the  item  whose  service  life  is  to  be  pre- 
dicted, identification  of  the  mechanisms  and  kinetics  of 
the  degradation  processes,  development  of  mathe- 
matical models  of  degradation,  application  of  the  mod- 
els in  service  life  prediction,  and  reporting  of  the  re- 
sults. It  is  proposed  that  the  needed  standards  must 
comprise  a  hierarchy  with  the  highest  level  being  the 
general  methodology,  the  second  level  defining  the  es- 
sential components  of  the  methodology,  and  the  third 
and  lower  levels  describing  the  application  of  the  ge- 
neric standards  to  specific  materials,  components,  or 
systems. 
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This  study  was  conducted  to  provide  data  on  the  fea- 
sibility of  using  thermal  analysis  (TA)  methods  for  the 
characterization  of  roofing  membrane  materials.  TA 
methods  have  never  been  widely  applied  to  such  mate- 
rials. The  TA  methods  used  were  thermogravimetry 
(TG),  differential  scanning  calorimetry  (DSC),  and  dy- 
namic mechanical  analysis  (DMA).  Three  black  (car- 
bon black  filled),  two  white  (titanium  dioxide  pig- 
mented), and  one  white  on  black  laminate  ethylene 
propylene  diene  terpolymer  (EPDM)  membrane  mate- 
rials were  analyzed  before  and  after  exposure  to  the 
heat,  ozone  and  UV  conditions  given  in  ASTM  D  4637, 
and  also  to  outdoor  exposure.  Load-elongation  tests 
were  conducted  to  compare  the  results  with  those  of 
the  TA  methods.  The  results  indicated  that:  (1)  TA 
techniques  can  be  used  to  analyze  EPDM  membrane 
materials;  (2)  both  the  black  and  white  membrane  ma- 
terials showed  only  slight  property  changes  under  ex- 
posure, as  determined  using  the  TA  methods;  and  (3) 
in  contrast  to  the  TA  results,  the  load  elongation  values 
displayed  relatively  large  changes. 
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This  study  was  conducted  to  provide  baseline  data  on 
the  applicability  of  thermal  mechanical  analysis  (TMA) 
for  characterizing  EPDM  roofing  membrane  materials. 
TMA  has  not  been  used  extensively  for  the  analysis 
of  such  materials.  Three  black  and  three  white  mem- 
brane materials  were  analyzed  before  and  after  expo- 
sure to  the  heat,  ozone,  and  UV  conditions  described 
in  ASTM  D  4637,  as  well  as  to  outdoor  exposure.  Load- 
elongation  was  conducted  as  a  comparison  to  the  TMA 
results.  The  results  indicated  that:  (1)  TMA  can  be  ap- 
plied to  the  characterization  of  EPDM  membrane  mate- 
rials showing  the  differences  in  glass  transition  tem- 
perature between  various  brand  name  products;  (2) 
changes  in  glass  transition  temperatures  induced  by 
the  exposure  conditions  were  relatively  low  and  cov- 
ered the  same  range  for  both  the  black  and  white  mem- 
brane materials;  and  (3)  in  contrast  to  the  TMA  testing, 
the  percent  elongation  values  displayed  relatively  large 
changes. 
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Smoke,  Combustion  products,  Construction  materials, 
Reprints. 

This  work  proposes  criteria  for  comparing  the  toxic  po- 
tency of  fire  smokes  as  measured  by  bench-scale  tox- 
icity tests  with  that  measured  in  real-scale  fire  tests. 
A  first  set  of  experiments  finds  that  this  protocol  is  prac- 
ticable, and  that  the  NBS  toxicity  test  method  shows 
only  partial  correlation. 
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A  digital-image-based  model  of  the  microstructure  of 
cement  paste,  coupled  with  exact  transport  algorithms, 
is  used  to  study  the  diffusivity  of  portland  cement 
paste.  The  principal  preparation  and  material  variables 
are  watencement  ratio,  degree  of  cement  hydration, 
and  capillary  porosity.  Computational  methods  are  de- 
scribed in  some  detail,  and  diffusivity  results  are  pre- 
sented and  found  to  agree  within  experimental  error 
with  the  available  experimental  measurements.  Model 
cement  pastes  prepared  with  different  waterxement 
ratios,  and  having  different  degrees  of  cement  hydra- 
tion, are  found  to  have  diffusivities  that  lie  on  a  single 
master  curve  when  plotted  as  a  function  of  capillary 
porosity.  Using  percolation  ideas,  the  diffusivity  of  ce- 
ment paste  is  mapped  out  as  a  function  of  capillary  po- 
rosity for  any  waterxement  ratio  cement  paste. 
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Back-scattered  scanning  electron  microscopy,  along 
with  quantitative  image  analysis  techniques,  have 
clearly  demonstrated  tine  existence  of  a  highly  porous 
interfacial  region  between  the  aggregate  and  the  hard- 
ened cement  paste  mairix  in  ordinary  Portland  cement 
concrete.  This  paper  presents  the  results  of  a  digital- 
image-based  simulation  model  of  this  interfacial  zone. 
A  dissolution-diffusion-reaction  cycle  of  hydrating  ce- 
ment particles  is  directly  simulated  using  cement  par- 
ticles packed  around  a  simple  non-reactive  aggregate 
particle.  The  model  is  two-dimensional,  as  we  are  com- 
paring to  experimental  results  obtained  on  images  of 
polished  sections.  The  qualitative  features  seen  in  the 
experiment,  such  as  large  amounts  of  porosity  and  cal- 
cium hydroxide  in  the  interfacial  zone,  are  faithfully  re- 
produced. The  new  mechanism  of  one-sided  growth  is 
proposed,  along  with  the  usual  particle-packing  ideas, 
as  an  explanation  of  the  origin  of  the  characteristic  fea- 
tures of  the  interfacial  zone. 
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The  report  is  a  critical  review  of  fundamental  computer- 
simulation  models  that  have  been  applied  to  cement- 
based  materials,  to  relate  microstructure  to  properties. 
The  report  also  contains  a  significant  literature  survey. 
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A  recent  comparison  of  apparent  thermal  conductiv- 
ities measured  at  the  Oak  Ridge  National  Laboratory 
(ORNL),  Jim  Walter  Research  Corp  (JWRC),  Ten- 
nessee Technological  University  (TTU),  and  the  Na- 
tional Institute  of  Standards  and  Technology  (NIST) 
has  been  discussed  in  an  ORNL  Report.  The  four  lab- 
oratories used  equipment  built  and  operated  in  accord- 
ance with  ASTM  C  518,  and  used  different  calibration 
materials  and  procedures.  These  tests  are  discussed 
in  this  paper. 
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This  report  describes  the  fire  research  projects  per- 
formed in  the  Building  and  Fire  Research  Laboratory 
(BFRL)  and  under  its  extramural  grants  program  during 
Fiscal  Year  1993.  Included  are  research  performed 
both  with  funds  appropriated  to  the  BFRL  Fire  Re- 
search Program  and  under  contract  to  outside  organi- 
zations. The  BFRL  Fire  Research  Program  has  di- 
rected its  efforts  under  four  program  thrusts.  The  in- 
house  priority  projects,  extramural  grants,  and  exter- 
nally-funded efforts  thus  form  an  integrated,  focussed 
ensemble.  This  publication  is  organized  along  those 
lines:  (1)  Performance-based  Fire  Standards;  (2)  Fire 
Safe  Materials  and  Products;  (3)  Advanced  Fire  Sens- 
ing and  Suppression;  (4)  Large/Industrial  Fires.  For  the 
convenience  of  the  reader,  an  alphabetical  listing  of  all 
grants  is  contained  in  the  Part  2.0. 
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FPETOOL  is  a  computerized  package  of  relatively  sim- 
ple engineering  equations  and  models.  It  contains  en- 
gineering tools  useful  in  estimating  potential  fire  hazard 
and  the  response  of  the  space  and  fire  protection  sys- 
tems to  the  developing  hazard.  The  computations  use 
established  engineering  relationships,  which  are  dis- 
cussed in  this  paper  for  the  benefit  of  engineers  and 
others  interested  in  using  the  tools  in  the  package. 
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A  limitation  of  traditional  zone-type  compartment  fire 
modeling  concepts  identify;  namely,  the  inadequacy  of 
two-layer  quasi-steady-buoyant-plume  analyses  to 
simulate  the  fire-generated  environment  in  room  con- 
figurations with  large  height-to-span  ratios,  e.g.,  eleva- 
tor shafts  and  long,  vertical,  ventilation  shafts  and 
ducts.  A  possible  means  of  removing  this  limitation  is 
developed.  This  involves  a  method  of  analysis  and  as- 
sociated model  equations  that  can  be  implemented 
and  used  to  advance  zone-type  models.  The  model 
equations  simulate  time-dependent  flows  in  a  long, 
ventilated,  vertical  shaft/duct  with  an  arbitrary  vertical 
density  distribution,  including  one  or  more  intervals 
along  the  shaft/duct  length  where  the  vertical  distribu- 
tion of  the  average  cross-section  density  may  be 
unstably  stratified,  i.e.,  density  increasing  with  increas- 
ing elevation.  The  model  equations  are  partially  veri- 
fied by  favorable  comparisons  between  solutions  and 
previously  published  data  from  unsteady  experiments 
in  long  vertical  tubes  involving  initially  unstable  con- 
figurations: salt-water  over  fresh-water  and  heavy-gas 
over  light-gas.  Additional  verification  of  the  proposed 
equation  set  with  cold-air  over  hot-air  systems  and  with 
fire-driven  smoke  flows,  both  of  which  involve  gas-to- 
surface  heat  transfer,  is  required  before  this  model  can 
be  used  with  confidence  in  professional  practice. 
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Building  and  Fire  Research  Laboratory  Publications, 
1993  contains  references  to  the  publications  prepared 
by  the  members  of  the  Building  and  Fire  Research 
Laboratory  (BFRL)  staff,  by  other  National  Institute  of 
Standards  and  Technology  (NIST)  personnel  for 
BFRL,  or  by  external  laboratories  under  contract  or 
grant  from  the  BFRL  during  the  calendar  year  1993. 
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The  cement  paste  in  concrete  and  mortar  has  been 
shown  to  have  a  pore  size  distribution  different  than 
that  of  plain  paste  hydrated  without  aggregate.  For 
mortar  and  concrete,  additional  porosity  occurs  in  pore 
sizes  larger  than  the  plain  paste's  threshold  diameter 
as  measured  by  mercury  intrusion.  Based  on  the  as- 
sumption that  these  larger  pores  are  essentially 
present  only  in  the  interfacial  zones  surrounding  each 
aggregate,  an  experimental  program  was  designed  in 
which  the  volume  fraction  of  sand  in  a  mortar  was  var- 
ied in  a  systematic  fashion  and  the  resultant  pore  sys- 
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tem  probed  using  mercury  intrusion  porosimetry.  The 
intrusion  characteristics  were  observed  to  change 
drastically  at  a  critical  sand  content.  Similar  results  are 
observed  for  a  series  of  mortar  specimens  in  which  the 
cement  paste  contains  1 0%  silica  fume.  To  better  inter- 
pret the  experimental  results,  a  hard  core/soft  shell 
computer  model  has  been  developed  to  examine  the 
percolation  characteristics  of  these  interracial  zone 
pores.  Using  the  model,  interracial  zone  percolation  in 
concretes  is  also  examined.  Finally,  the  implications  of 
interfacial  zone  percolation  for  transport  properties  and 
durability  of  mortar  and  concrete  are  discussed. 
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Measurements  of  density  and  apparent  thermal  con- 
ductivity are  presented  for  specimens  cut  from  rigid 
polyisocyanurate  foam  co-blown  with 
trichlorofluoromethane  and  carbon  dioxide.  Eight 
specimens,  nominally  580  by  580  by  27  mm,  were  pre- 
pared from  two  boards  (1.2  by  2.4  m  by  50mm)  of  foam 
laminated  with  permeable  facers.  Four  specimens 
were  placed  in  an  ambient  condition  of  22  C  and  40% 
relative  humidity  (RH).  The  other  four  specimens  were 
each  placed  in  one  of  the  following  environments:  (1) 
60  C  and  less  than  10%  RH;  (2)  60  C  and  40%  RH; 
(3)  60  C  and  60%  RH;  and  (4)  60  C  and  75%  RH. 
Measurements  of  apparent  thermal  conductivity  at  24 
C  were  conducted  over  a  period  of  372  days  at  ap- 
proximately 50-day  intervals.  Curves  of  specimen 
mass,  volume,  density,  and  thermal  conductivity  ver- 
sus time  are  presented,  and  the  implications  of 
changes  in  these  properties  are  discussed. 
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A  laboratory  study  was  undertaken  to  examine  the  ef- 
fects of  adhesive  thickness,  open  time,  and  surface 
cleanness  on  T-peel  strength  of  EPDM  rubber  seam 
specimens.  Seam  specimens  bonded  with  butyl-based 
contact  adhesive  were  tested  after  a  2-week  cure  time. 
The  peel  strength  generally  showed  a  positive  depend- 
ency on  the  adhesive  thickness  except  that  it  tended 
towards  a  plateau  value  for  thick  adhesive  layers.  The 
leveling  of  peel  strength  at  large  thickness  might  result 
from  the  presence  of  small  voids  in  the  adhesive  layer. 
The  peel  strength  was  not  dependent  on  the  open 
times  used  in  this  study.  Increased  levels  of  surface 
contamination  lowered  the  peel  strength  and  changed 
the  failure  mode  from  cohesive  to  interfacial. 
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Measurements  of  apparent  thermal  conductivity  are 
presented  for  specimens  of  rigid  polyisocyanurate 
(PIR)  foam  cut  from  a  commercial  insulation  product 
and  aged  in  air  60  C  and  different  humidities.  Eight 
specimens,  nominally  600  by  600  mm,  were  prepared 
from  two  boards  (1.2  by  2.4  by  0.05  m)  of  rigid  PIR 
foam  blown  with  trichlorofluoromethane  and  having 
permeable  organic-inorganic  facers.  Facers  and  ex- 
cess foam  were  removed  by  sanding  the  specimens 
to  a  thickness  of  27.9  +  or  -  0.1  mm.  Four  specimens 
were  placed  in  ambient  conditions  of  22  C  and  40% 
relative  humidity  (RH).  Measurements  of  apparent 
thermal  conductivity  were  conducted  at  24  C  and  a 
temperature  difference  of  22  C  using  a  heat-flow-meter 
apparatus  conforming  to  ASTM  Test  Method  C  518. 
Measurements  were  conducted  for  a  period  of  357 
days  at  approximately  50-day  intervals.  Aging  curves 
of  specimen  mass,  volume,  density,  and  thermal  con- 
ductivity for  rigid  PIR  foam  are  presented  and  implica- 
tions of  changes  in  these  properties  are  discussed  in 
the  paper. 
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Thermal  conductivity  of  fumed-silica  insulation  board 
was  measured  using  the  National  Institute  of  Stand- 
ards and  Technology  1 -meter  Guarded  Hot  Plate. 
Measurements  were  conducted  for  the  following  range 
of  parameters:  bulk  density,  304.5  to  325.4  kg/cu  m, 
mean  temperature,  283.1  to  311.0  K;  and  barometric 
pressure,  97.51  to  103.43  KPa.  The  effect  of  moisture 
content  on  room-temperature  measurements  was 
minimized  by  prior  conditioning  of  the  specimen  at  100 
C  for  24  hours.  Seventy-five  samples  (600  by  600  by 
25.4  mm)  were  transferred  to  the  Office  of  Standard 
Reference  Materials  in  Gaithersburg,  Maryland,  USA. 
The  material  is  offered  as  a  Standard  Reference  Mate- 
rial having  a  low  thermal  conductivity  at  room  tempera- 
ture. 
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When  bench-scale  specimens  are  tested  for  heat  re- 
lease rate,  it  is  generally  of  interest  that  the  behavior 
of  the  specimen  simulate,  as  much  as  is  possible,  that 
of  a  real-scale  product  performing  in  a  real  fire.  A  num- 
ber of  issues  have  been  raised  recently  by  workers  try- 


ing to  understand  the  optimal  conditions  of  specimen 
preparation  and  mounting.  In  the  present  study  a  large 
number  of  materials  were  explored  in  the  Cone  Calo- 
rimeter to  determine  the  effect  of  edge  conditions  and 
edge  frames.  It  was  found  that  by  the  use  of  an  insu- 
lated edge  frame,  heat  release  rate  values  can  be  ob- 
tained which  are  slightly  closer  to  expected  true  values. 
The  testing  procedure,  however,  is  significantly  more 
complicated.  This  makes  the  insulated  edge  frame 
useful  for  collecting  specialized  data  for  fire  modeling, 
but  not  for  conducting  routine  reactions-to-fire  tests. 
For  routine  testing  use,  it  is  recommended:  (1)  that  no 
edge  frame  needs  to  be  used  unless  the  test  specimen 
presents  special  difficulties,  such  as  due  to  intumes- 
cence; (2)  that  in  those  cases  where  the  use  of  the 
steel  edge  frame  is  found  necessary,  the  results  should 
be  reported  on  the  basis  of  an  effective  exposure  area 
of  0.0081  sq  m.  When  reported  on  such  a  basis,  the 
heat  release  rate  results  do  not  show  a  systematic 
bias,  compared  to  results  with  no  edge  frame. 
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The  paper  presents  information  that  can  be  used  for 
predicting  smoke  movement  for  design  of  atrium 
smoke  management  systems.  NFPA  92B  (1991)  and 
the  smoke  control  design  book  by  Klote  and  Milke 
(1992)  define  smoke  as  the  airborne  solid  and  liquid 
particulates  and  gases  evolved  when  a  material  under- 
goes pyrolysis  or  combustion,  together  with  the  quan- 
tity of  air  that  is  entrained  or  otherwise  mixed  into  the 
mass.  In  recent  years,  approaches  to  smoke  manage- 
ment in  atria  have  been  introduced  into  codes  and  en- 
gineering guides  (BOCA;  UBC  1993;  NFPA  92B  1991; 
Klote  and  Milke  1992;  Hansel  and  Morgan  1994). 
While  these  basic  approaches  differ  in  many  respects, 
they  all  have  the  zone  fire  model  concept  as  a  common 
foundation  and  consist  of  a  collection  of  algebraic 
equations  intended  for  design  calculation.  For  simplic- 
ity, discussion  of  the  basic  approaches  is  limited  to 
those  of  NFPA  92B.  However,  much  of  this  applies  to 
the  other  approaches  as  well.  The  paper  explains  the 
physical  concepts  behind  NFPA  92B  including  system 
limitations.  The  conservative  nature  of  this  approach 
is  investigated,  and  the  unique  design  challenge  of  atri- 
um smoke  detection  is  discussed.  The  application  of 
zone  computer  fire  models  to  atrium  design  is  ad- 
dressed. This  paper  also  presents  a  computer  program 
entitled  Atria  Smoke  Management  Engineering  Tools 
(ASMET)  that  consists  of  a  set  of  equations  that  may 
be  of  help  for  conventional  applications.  Appendices 
C  and  D  describe  ASMET  including  brief  user  instruc- 
tions. 
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This  study  reports  on  the  characterization  of  seam 
samples  cut  from  EPDM  roof  systems.  The  availability 
of  data  on  seam  characteristics  and  failure  analysis  is 
beneficial  to  furthering  the  understanding  of  seam  per- 
formance and  to  developing  performance  criteria  for 
seams.  Forty-eight  samples  were  cut  from  EPDM  roofs 
whose  seams  were  rated  as  having  provided  satisfac- 
tory or  unsatisfactory  performance.  The  samples  were 
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subjected  to  laboratory  tests  which  included  identifica- 
tion of  the  adhesive,  measurement  of  adhesive  thick- 
ness, and  determination  of  the  strength  and  mode  of 
failure  in  peel.  Comparisons  were  made  between  the 
test  results  and  performance  ratings.  It  was  found  that 
the  majority  of  the  unsatisfactorily  performing  seams 
contained  neoprene-based  adhesives  and  were  ex- 
posed on  roofs  for  45  months  or  more  when  sampled. 
Of  the  samples  subjected  to  SEM  analysis,  the  majority 
showed  evidence  of  release  agent  on  the  rubber  and 
adhesive  surfaces  analyzed.  This  finding  provided  evi- 
dence that  a  field  method  to  judge  rubber  surface 
cleanness  before  application  of  the  adhesive  is  need- 
ed. 
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Rheology  provides  considerable  information  about  the 
microstructure  of  dense  particulate  suspensions,  and 
an  important  reason  for  studying  the  flow  behavior  of 
fresh  cement  paste  is  to  infer  the  extent  to  which  par- 
ticles are  flocculated,  how  densely  they  are  picked,  and 
how  their  microstructure  is  modified  by  hydration  reac- 
tions prior  to  set.  These  aspects  of  the  fresh  paste 
microstructure  influence  both  the  initial  flow  behavior 
and  the  ultimate  performance  of  concrete.  The  rheol- 
ogy of  fresh  cement  paste  and  other  dense  particulate 
suspensions  is  reviewed.  There  has  been  much 
progress  in  formulating  relationships  between  flow  be- 
havior and  microstructure  of  disperse  suspensions, 
and  recent  advances  in  dense,  flocculated  suspen- 
sions have  been  assisted  in  part  by  new  experimental 
techniques.  This  recent  understanding  offers  encour- 
agement as  well  as  promising  research  directions  in 
developing  direct  relationships  between  flow  behavior 
and  microstructure  for  flocculated  cement  particles  in 
fresh  paste. 
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The  scanning  electron  microscope  (SEM)  is  a  powerful 
tool  for  the  microstructural  and  chemical  characteriza- 
tion of  cement  and  concrete.  Imaging  techniques  such 
as  secondary  electron,  backscattered  electron,  and  X- 
ray  imaging  provide  information  about  surface  texture, 
microstructure,  aggregates,  and  the  air  void  system.  X- 
ray  microanalysis  is  useful  for  qualitative  and  quan- 
titative chemical  analysis  and  X-ray  mapping  of  ele- 
ment distribution.  Image  processing  and  analysis  is 
used  for  quantification  of  microstructural  features.  The 
linking  of  these  operations  will  provide  automated, 
quantitative,  and  consistent  analysis  of  portland  ce- 
ment and  concrete. 
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This  work  was  an  experimental  study  of  upward  flame 
spread  of  vertically  oriented  wall  material  with  external 
radiation.  Its  inherent  potentials  of  high  fire  growth  rate 
and  spreading  to  surrounding  materials  makes  this 
study  a  very  challenged  task.  An  existing  flame  heat 
transfer  fire  testing  apparatus  was  used  to  study  the 
upward  flame  spread  potential  of  two  kinds  of  wall  ma- 
terials: (1)  the  PMMA  (Polymethylmethacrylate)  and 
(2)  the  Douglas  Fir  Particle  Board.  PMMA  is  non-char- 
ring whereas  Douglas  Fir  Particle  Board  is  a  charring 
material.  Various  levels  of  external  radiant  heat  flux 
ranging  from  1 .8  W/sq  cm  to  3.4  W/sq  cm  were  im- 
posed on  to  the  wall  samples  for  carrying  out  the  series 
of  fire  tests.  Relevant  parameters  measured  were  fuel 
mass  burning  rate,  wall  fire  flame  height,  external  radi- 
ant heat  flux  level  and  flame  heat  transfer,  etc.  Obser- 
vations and  data  measurements  of  these  experimental 
results  were  employed  to  evaluate  flammability  charac- 
teristics of  wall  materials  as  well  as  validating  the  appli- 
cation of  ignition  and  flame  spread  theory  on  predicting 
material  performance. 
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This  paper  summarizes  results  of  a  study  to  develop 
an  ultrasonic  pulse-echo  method  for  evaluating  the  in- 
tegrity of  seams  of  single-ply  roofing  membranes.  A 
prototype  pulse-echo  apparatus  (the  field  scanner), 
which  was  designed  to  scan  across  seams  of  roofs 
while  maintaining  acoustic  coupling  to  the  seam  sur- 
face, was  developed.  Results  of  initial  laboratory  inves- 
tigations showed  that  voids  in  seams  could  be  distin- 
guished from  well-bonded  sections  using  the  intensity 
of  the  echo  from  the  adhesive  layer.  This  echo  was 
relatively  weak  for  well-bonded  seams,  and  relatively 
strong  for  voids.  Seams  of  existing  EPDM  single-ply 
membranes  were  examined  by  roof-top  scanning  to 
evaluate  the  performance  of  the  field  scanner  in  prac- 
tice. The  findings  indicated  that  the  field  scanner  was 
sensitive  to  detecting  micro-cavities  that  could  be  cre- 
ated in  the  adhesive  layer  at  the  time  of  seam  fabrica- 
tion, thus  resulting  in  false  positive  readings.  It  was 
concluded  that,  at  least  in  its  present  form,  the  field 
scanner  had  limited  applicability  to  resolving  micro- 
cavities  from  voids  and  delaminations  in  solvent-adhe- 
sive seams. 
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This  work  presents  a  model  to  predict  the  instanta- 
neous rate  of  convective  heat  transfer  form  fire  plume 
gases  to  the  overhead  ceiling  surface  in  a  room  of  fire 
origin.  The  room  is  assumed  to  be  a  rectangular 
parallelopiped  and,  at  times  of  interest,  ceiling  tem- 
peratures are  simulated  as  being  uniform.  Also  pre- 
sented is  an  estimate  of  the  convective  heat  transfer, 
due  to  ceiling-jet-driven  wall  flows,  to  both  the  upper 
and  lower  portions  of  the  walls.  The  effect  on  the  heat 
transfer  of  the  location  of  the  fire  within  the  room  is 


taken  into  account.  Finally  presented  is  a  model  of  the 
velocity  and  temperature  distributions  in  the  ceiling  jet. 
The  model  equations  were  used  to  develop  an  algo- 
rithm and  associated  modular  computer  subroutine  to 
carry  out  the  indicated  heat  transfer  calculations.  The 
subroutine  is  written  in  FORTRAN  77  and  called 
CEILHT.  The  algorithm  and  subroutine  are  suitable  for 
use  in  two-layer  zone-type  compartment  fire  model 
computer  codes.  The  subroutine  was  tested  for  a  vari- 
ety of  fire  environments  involving  a  10(exp  7)  W  fire 
in  a  8m  x  8m  x  4m  high  enclosure.  While  the  calculated 
results  were  plausible,  it  is  important  to  point  out  that 
CEILHT  simulations  have  not  been  experimentally  vali- 
dated. 
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Manufactured  Housing  Walls  That  Provide  Satis- 
factory Moisture  Performance  in  All  Climates. 

D.  M.  Burch,  C.  A.  Saunders,  and  A.  TenWolde.  Jan 
95,  36p,  NISTIR-5558. 

See  also  PB95-105136.  Prepared  in  cooperation  with 
Forest  Products  Lab.,  Madison,  Wl.  Sponsored  by  De- 
partment of  Housing  and  Urban  Development,  Wash- 
ington, DC.  Office  of  Policy  Development  and  Re- 
search. 

Keywords:  "Construction  materials,  "Walls, 
"Moistureproofing,  'Prefabricated  buildings,  Moisture, 
Diffusion,  Plywood,  Wallboard,  Cold  regions,  Mathe- 
matical models,  Humidity,  Thermal  insulation,  Per- 
meability, Hot  regions,  "Moisture  transfer. 

We  used  the  MOIST  Computer  Model  to  conduct  a  de- 
tailed analysis  of  the  moisture  performance  of  one  wall 
typical  of  current  construction  practice  in  manufactured 
housing,  and  two  new  alternative  wall  designs  with  po- 
tential for  better  moisture  performance  in  a  wider  vari- 
ety of  climates.  The  analysis  showed  that  the  current- 
practice  wall  with  an  interior  vapor  retarder  performed 
acceptably  in  a  cold  climate  (Madison,  Wl),  but  poorly 
in  a  hot  and  humid  climate  (Miami,  FL).  The  alternative 
wall  designs  both  exhibited  satisfactory  moisture  per- 
formance in  the  cold  climate  and  the  hot  and  humid 
climate,  even  with  moderately  severe  indoor  condi- 
tions. The  alternative  wall  designs  also  performed  sat- 
isfactorily in  a  mixed  climate  (Little  Rock,  AR).  These 
alternative  wall  designs  should  be  of  interest  to  the 
manufactured  housing  industry,  which  distributes 
homes  to  all  climatic  regions  of  the  United  States. 
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of  Fire  Phenomena. 

Final  rept. 
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1994,  9p. 

Pub.  in  Proceedings  of  International  Symposium  on 
Fire  Safety  Science  (4th),  Ottawa,  Ontario,  Canada, 
June  13-17,  1994,  p185-193. 

Keywords:  "Transport  properties,  "Convective  flow, 
"Computational  fluid  dynamics,  Computerized  simula- 
tion, Mathematical  models.  Finite  difference  theory, 
Combustion,  High  Reynolds  number,  Fires,  Buoyancy, 
Navier-Stokes  equations,  Reprints,  "Enclosure  fires. 

A  method  of  studying  the  large  scale  transport  of 
smoke  and  hot  gases  induced  by  fires  in  enclosures 
is  described.  The  approach  is  based  on  solving  the 
governing  equations  directly  (if  approximately)  by  de- 
composing the  fire-driven  flow  field  into  large  scale 
convective  and  small  scale  combustion  components. 
In  this  work,  results  involving  large  scale  convective 
transport  generated  by  flow  fields  associated  with  typi- 
cal fire  scenarios  are  presented.  The  large  scale  flow 
is  studied  using  finite  difference  techniques  to  solve 
large  eddy  simulations  of  the  Navier-Stokes  equations 
at  high  Reynolds  numbers. 
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Keywords:  'Concretes,  "Nondestructive  tests,  Ultra- 
sonic tests,  Statistical  analysis,  Test  methods,  Durabil- 
ity, Mechanical  properties,  Infrared  spectroscopy, 
Thermography,  Reprints. 

A  brief  history  of  nondestructive  testing  of  hardened 
concrete  over  the  past  50  years  is  presented.  The  con- 
tributions of  V.M.  Malhotra  towards  the  development 
and  promotion  of  nondestructive  testing  are  empha- 
sized. The  underlying  principles  and  inherent  limita- 
tions of  the  methods  are  reviewed,  and  historical  high- 
lights of  their  development  are  presented.  Test  meth- 
ods are  grouped  into  those  which  assess  in-place 
strength  and  those  which  evaluate  non-strength  char- 
acteristics, such  as  flaws  and  deterioration.  The  paper 
concludes  with  a  discussion  of  the  challenges  for  the 
21  st  century  in  the  area  of  nondestructive  testing. 
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Keywords:  'Thermal  insulation,  *Heat  meters, 
'Calibration,  Heat  transmission,  Errors,  Steady  state, 
Precision,  Measuring  instruments,  Reprints. 

Calibration  measurements  of  a  commercial  heat-flow- 
meter  apparatus  are  presented.  The  apparatus  has 
been  calibrated  using  the  same  speciment  of  high-den- 
sity fibrous-glass  board  over  a  period  of  four  years, 
from  1 989  to  1 993.  Seventy-three  tests  have  been  con- 
ducted, generally  at  ambient  conditions  of  24  C  with 
a  moderate  temperature  difference  of  either  15,  22,  or 
27  C  across  the  specimen.  Variations  within  a  set  of 
data  for  each  test  have  been  examined  to  verify  under- 
lying assumptions  of  randomness,  normal  frequency 
distribution  of  errors,  repeatability,  and  stability  of  the 
data.  Variations  between  test  data  indicate  a  small 
drift,  on  the  order  of  one  percent  over  four  years,  in 
the  calibration  factor  of  the  apparatus.  A  model  has 
been  developed  to  describe  the  small  drift  with  time. 
The  analysis  of  variations  between  test  data  has  also 
identified  intermittent  shifts  in  the  precision  of  the  cali- 
bration factor  of  the  apparatus. 
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Intra-Laboratory    Comparison    of    a  Line-Heat- 
Source  Guarded  Hot  Plate  and  Heat-Flow-Meter 
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R.  R.  Zarr.  1991,  18p. 

Sponsored  by  Department  of  Energy,  Washington,  DC. 
and  Oak  Ridge  National  Lab.,  TN. 
Pub.  in  Insulation  Materials:  Testing  and  Applications, 
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Keywords:  *Heat  meters,  'Thermal  insulation, 
'Thermal  conductivity,  Heat  transmission,  Heat  flux, 
Measuring  instruments,  Calibration,  Standards,  Thick- 
ness, Comparison,  Transducers,  Test  methods,  Test 
facilities,  Reprints,  'Line  heat  sources,  'Guarded  hot 
plate,  Standard  reference  materials,  Fibrous-glass 
board. 


The  apparent  thermal  conductivity  and  thermal  resist- 
ance of  several  building  insulations  were  determined 
at  the  National  Institute  of  Standards  and  Technology 
(NIST)  using  three  apparatus.  Reference  values  were 
determined  with  NIST's  1 -meter  Line-Heat-Source 
Guarded  Hot  Plate  (GHP).  The  other  two  apparatus 
were  heat-flow-meter  (HFM)  apparatus  calibrated  with 
a  Standard  Reference  Material  of  fibrous-glass  board. 
Deviations  from  reference  values  of  the  GHP  were  cal- 
culated for  the  HFM  apparatus.  The  apparatus,  test 
procedure,  and  analysis  of  the  deviations  are  de- 
scribed in  the  paper. 
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Effect  of  Environmentally  Exposures  on  the  Prop- 
erties of  Polyisocyanurate  Foam  Insulation:  Ther- 
mal Conductivity  Measurements. 

Final  rept. 

R.  R.  Zarr,  and  T.  Nguyen.  1991,  15p. 
Pub.  in  Proceedings  of  International  Workshop  on  the 
Long-Term  Thermal  Performance  of  Cellular  Plastics 
(2nd),  Ontario,  Canada,  June  5-7, 1991, 15p. 

Keywords:  'Thermal  conductivity,  'Thermal  insulation, 
'Aging(Materials),  'Test  methods,  Heat  meters, 
Thermophysical  properties,  Heat  transmission,  Humid- 
ity, Foams,  Measuring  instruments,  Expanded  plastics, 
Reprints,  'Polyisocyanurate,  ASTM  C  518. 

Measurements  of  apparent  thermal  conductivity  are 
presented  for  specimens  of  rigid  polyisocyanurate 
(PIR)  foam  conditioned  in  one  of  four  environments. 
Measurements  were  conducted  at  24  C  and  a  tem- 
perature difference  of  22  C  at  monthly  intervals  for  six 
months  using  a  heat-flow-meter  apparatus  (ASTM  Test 
Method  C  518).  Four  specimens  (nominally  610  by  610 
mm)  were  prepared  from  one  commercial  board  (nomi- 
nally 1.2  by  2.4  m)  of  rigid  PIR  foam  blown,  with  R11 
and  having  permeable  organic/inorganic  facers.  For 
the  six-month  period,  the  increase  in  apparent  thermal 
conductivity  for  the  four  specimens  ranged  from  11.5 
to  14.2%.  Aging  curves  of  thermal  conductivity  for  each 
specimen  are  described  in  the  paper. 
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Santa  Ana  Fire  Department  Experiment  at  1315 

South  Bristol,  July  14, 1994. 

A.  D.  Putorti,  W.  D.  Walton,  W.  H.  Twilley,  S.  Deal, 

and  J.  C.  Albers.  31  Aug  94,  23p,  FR-3995. 

Prepared  in  cooperation  with  Santa  Ana  City  Fire 

Dept.,  CA.  Fire  Safety  Div. 

Keywords:  'Residential  buildings,  'Fire  tests,  'Fire  pro- 
tection, 'Fire  detectors,  Sprinklers,  Flammability,  Con- 
struction materials,  Temperature  measurement,  Fire 
safety,  Smoke,  'Santa  Ana(California). 

The  Santa  Ana  Fire  Department  of  Santa  Ana,  Califor- 
nia conducted  a  series  of  fire  experiments  in  resi- 
dences on  South  Bristol  Street  in  the  City  of  Santa  Ana 
in  July,  1994.  The  National  Institute  of  Standards  and 
Technology  (NIST)  provided  technical  support,  con- 
sisting of  measurements  of  fire  phenomena,  to  the  fire 
department  during  these  experiments.  The  experiment 
addressed  in  this  report  occurred  on  July  14,  1994,  at 
1315  South  Bristol  Street.  The  measurements  in- 
cluded: temperatures  within  various  rooms,  the  velocity 
and  temperature  of  outflowing  gases,  smoke  detector 
activation  time,  sprinkler  activation  times,  and  time  to 
full  room  involvement.  Data  were  recorded  every  5 
seconds  with  a  computerized  acquisition  system. 


00,390 

PB95-188918       PC  A04/MF  A01 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Fire  Safety  Engineering  Div. 
Fire  Performance  of  an  Interstitial  Space  Construc- 
tion System. 

J.  R.  Lawson,  E.  Braun,  L.  DeLauter,  and  G. 
Roadarmel.  Feb  95,  67p,  NISTIR-5560. 
See  also  PB86-1 06002.  Sponsored  by  Office  of  the 
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struction materials,  Structural  members,  Fire  protec- 
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tems. 

An  interstitial  space  building  construction  assembly, 
consisting  of  a  walk-on  deck  suspended  from  above 
by  structural  steel  which  also  supported  a  functional 
floor,  reproduce  a  design  planned  for  use  in  a  new  hos- 
pital complex  at  Elmendorf  Air  Force  Base,  Alaska. 
This  interstitial  space  assembly  was  built  in  the  multi- 
story steel  test  structure  at  the  National  Institute  of 
Standards  and  Technology.  The  construction  assem- 
bly was  tested  by  the  same  protocol  used  to  evaluate 
the  Veteran's  Administration  interstitial  space  con- 
struction assembly,  tested  in  1984.  This  protocol  fol- 
lowed the  National  Fire  Protection  Association's  NFPA 
251  Fire  Tests  of  Building  Construction  and  Materials 
Standards,  1990  edition.  Fire  testing  of  the  interstitial 
space  system  was  carried  out  during  the  summer  of 
1994.  This  construction  assembly  met  the  require- 
ments for  a  2  hour  fire  endurance  rating.  The  maximum 


surface  temperature  on  the  unexposed  functional  floor 
above  the  interstitial  space  reached  33  C  (91  F)  at  the 
end  of  the  two  hour  period.  The  maximum  structural 
steel  temperature  inside  of  the  interstitial  space  was 
123  C  (253  F).  The  structural  assembly  was  evaluated 
for  a  total  of  2  hours  and  30  minutes  before  the  test 
was  terminated. 
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Heat  and  Moisture  Transfer  in  Wood-Based  Wall 

Construction:  Measured  versus  Predicted. 

Building  science  series. 

R.  R.  Zarr,  D.  M.  Burch,  and  A.  H.  Fanney.  Feb  95, 
92p,  NIST/BSS-173. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03325-1. 

Keywords:  'Walls,  'Heat  transfer,  'Moisture  content, 
'Wood,  Construction  materials,  Buildings,  Wall  tem- 
perature, Humidity,  Heat  flux,  Thermal  insulation, 
Wooden  structures,  Steady  state,  Thermodynamic 
properties,  MOIST  computer  program. 

This  report  describes  a  comprehensive  laboratory 
study  to  verify  the  accuracy  of  MOIST  for  12  different 
wall  specimens.  The  rate  of  heat  transfer  through  each 
of  the  12  wall  specimens  was  measured.  The  moisture 
content  of  the  exterior  construction  materials  was 
measured  for  eight  of  the  twelve  wall  specimens.  For 
the  remaining  four  walls,  the  relative  humidity  level  was 
measured  at  the  interior  side  of  the  exterior  sheathing. 
The  measured  heat  transfer  rates,  moisture  content 
levels  and  relative  humidities  were  compared  to  the 
predictions  of  MOIST.  In  general,  the  agreement  be- 
tween MOIST  and  the  experimental  measurements 
was  good.  The  moisture  content  predicted  by  MOIST 
was  within  one  percent  of  the  measured  valuer  for 
seven  of  the  eight  walls  that  contained  moisture  con- 
tent sensors.  The  measured  relative  humidities  for  two 
of  the  remaining  four  walls  agreed  well  with  the  MOIST 
predictions.  The  relative  humidity  measurements  from 
the  other  two  walls  could  not  be  compared  to  MOIST 
since  the  walls  were  constructed  with  vapor  retarder 
defects  that  introduced  two-dimensional  effects.  The 
heat  flux  predicted  by  MOIST  was  within  ten  percent 
of  the  values  measured  under  steady-state  conditions. 
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Optical  Performance  of  Commercial  Windows. 

S.  J.  Treado,  and  J.  W.  Bean.  Jan  92,  184p,  NISTIR- 
4711. 

Keywords:  'Windows,  'Absorptance,  'Privacy,  Con- 
trast, Window  glazing,  Visibility,  Performance. 

The  role  of  window  system  characteristics  on  privacy- 
related  issues  was  examined.  The  optical  characteris- 
tics of  various  window  materials  were  measured  and 
compared  to  determine  the  best  candidates  for  en- 
hancing building  occupant  privacy.  Strategies  for  in- 
ducing privacy  are  discussed,  along  with  related  per- 
formance characteristics  of  window  systems. 
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Keywords:  'Calorimeters,  'Burning  rate,  'Flames, 
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Thermoplastic  resins,  Polymethyl  methacrylate,  Fire 
tests,  Theses,  Black  Polycast  PMMA,  Cone  calorime- 
ter. 

Ignition  and  burning  rate  data  are  developed  for  thick 
(25  mm.)  black  Polycast  PMMA  in  a  Cone  Calorimeter 
heating  assembly.  The  objective  is  to  establish  a  test- 
ing protocol  that  will  lead  to  the  prediction  of  ignition 
and  burning  rate  from  Cone  data.  This  is  done  for  a 
thermoplastic  like  PMMA.  For  black  PMMA,  ignition 
temperatures  of  250  to  350  deg  C  and  vaporization 
temperatures  of  approximately  325  to  380  deg  C  were 
measured  over  irradiance  levels  of  15  to  65  kW/sq  m. 
The  incident  flame  heat  flux,  for  irradiation  levels  of  0 
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to  75  kW/sq  m,  is  found  to  be  approximately  37  kW/ 
sq  m  for  black  PMMA.  Its  constancy  is  shown  due  to 
the  geometry  of  the  Cone  flame. 
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A  model  describing  the  configuration  of  a  water  droplet 
evaporating  on  the  surface  of  a  radiantly  heated  semi- 
infinite  solid  is  developed.  A  shape  factor  and  the  solid- 
liquid-vapor  contact  angle  described  the  transient 
droplet  shape,  though  the  initial  value  of  the  latter  pa- 
rameter is  found  to  have  a  negligible  effect  on  the  drop- 
let's  evaporation.  The  droplet  shape  model  and  a  modi- 
fied radiation  heat  term  are  incorporated  into  a  pre- 
viously-developed computer  model  to  predict  the  evap- 
oration of  a  single  droplet  on  a  semi-infinite  solid  sub- 
jected to  radiant  heat  input.  The  code  predicts  transient 
temperature  profiles  that  agree  well  with  experiment. 
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During  the  past  year,  a  severe  odor  has  developed  in 
some  floors  of  the  Silver  Spring  Metro  Center  I  build- 
ing. The  odor  has  been  attributed  to  interactions 
among  a  self-leveling  compound,  carpet  adhesive,  and 
the  carpet.  The  owner  of  the  building,  General  Services 
Administration  (GSA),  wants  to  ascertain  if  by  remov- 
ing the  existing  self-leveling  compound  and  replacing 
it  with  a  compound  of  a  different  composition  will 
elminate  the  odor.  The  National  Institute  of  Standards 
and  Technology  (NIST)  was  asked  to  evaluate  the 
properties  of  selected  self-leveling  compounds  for  use 
at  the  Silver  Spring  Metro  Center  I  building.  Lightweight 
concrete  was  also  to  be  tested  for  possible  use  as  a 
substrate  for  the  self-leveling  compounds.  The  report 
gives  the  test  results  obtained  on  the  self-leveling  com- 
pounds alone  or  in  combination  with  regular  concrete 
or  lightweight  concrete.  It  also  gives  the  results  ob- 
tained on  lightweight  concrete  alone. 
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In  this  report  we  present  a  survey  of  the  current  knowl- 
edge of  the  transport  properties  of  concrete.  The  basic 
theory  and  measurement  methods  are  discussed.  Em- 
phasis is  placed  on  transport  properties,  such  as  diffu- 
sion, permeability,  and  capillary  flow,  that  may  play  a 
large  role  in  degradation  processes  in  high  perform- 
ance concrete.  It  is  concluded  that  standard  test  meth- 
ods used  to  predict  the  service  life  of  concrete  via 
measurement  of  transport  properties,  especially  in  high 
performance  concrete,  are  in  general,  inadequate  or 
need  further  development. 
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The  study  is  part  of  a  study  of  the  material  properties 
of  fly  ashes  and  other  mineral  admixtures  to  identify 
factors  that  control  the  performance  of  mineral  admix- 
tures in  concrete.  The  study  includes  the  determination 
of  the  kinetics  of  reactions,  development  of 
microstructure,  and  simulation  modelling.  The  develop- 
ment of  microstructure,  and  simulation  modelling.  The 
overall  goal  is  understanding  of  how  the  material  prop- 
erties of  fly  ash  affect  the  properties  and  durability  of 
concrete.  The  report  examines  the  composition  of  a  set 
of  fly  ashes  segregated  by  particle  size,  and  comments 
on  the  effects  of  compositional  and  physical  attributes 
on  the  performance  of  concrete. 
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Building  and  Fire  Research  Laboratory  Publications, 
1994  contains  references  to  the  publications  prepared 
by  the  members  of  the  Building  and  Fire  Research 
(BFRL)  staff,  by  other  National  Institute  of  Standards 
and  Technology  (NIST)  personnel  for  BFRL,  or  by  ex- 
ternal laboratories  under  contract  or  grant  from  the 
BFRL  during  the  calendar  year  1 994. 
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New  measurement  methods  recently  developed  at  the 
National  Institute  of  Standards  and  Technology  were 
used  to  measure  the  sorption  isotherm  and  permeabil- 
ity of  several  low-slope  roofing  materials  at  a  mean 
temperture  of  24  deg  C  (75  F).  The  materials  included: 
fireboard,  perlite  board,  exterior-grade  plywood, 
polyisocyanurate  board  insulation  with  glass-matt  fac- 
ers, and  glass-fiber  insulation  with  a  facer.  For  the 
sorption  isotherm  measurements,  the  materials  were 
placed  in  various  ambient  relative  humidities  ranging 
from  a  dry  to  a  saturated  state.  The  equilibrium  mois- 
ture content  plotted  versus  ambient  relative  humidity 
at  24  deg  C  (75  F)  gave  the  sorption  isotherm.  Sepa- 
rate sorption  isotherms  were  obtained  for  specimens 
initially  dry  (adsorption  isotherm)  and  specimens  ini- 
tially saturated  (desorption  isotherm).  For  the  per- 
meability measurements,  a  series  of  cup  measure- 
ments was  performed,  and  the  permeability  was  plot- 
ted as  a  function  of  the  mean  relative  humidity  across 
the  specimen. 
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NIST's  Building  and  Fire  Research  Laboratory  (BFRL), 
one  of  NIST's  eight  Laboratories,  enhances  the  com- 
petitiveness of  U.S.  industry  and  public  safety  through 
performances  prediction  and  measurement  tech- 
nologies and  technical  advances  that  improve  the  life 
cycle  quality  of  constructed  facilities.  BFRL's  efforts 
are  closely  coordinated  with  complementary  activities 
of  industry,  professional  and  trade  organizations,  aca- 
deme, and  other  agencies  of  government.  This  report 
summarizes  BFRL's  research  for  1995.  The  report  is 
arranged  by  its  research  programs;  structural  engi- 
neering, materials  engineering,  mechanical  and  envi- 
ronmental systems,  fire  safety  and  engineering,  fire 
science,  and  applied  economics.  Each  summary  lists 
the  project  title,  the  BFRL  point  of  contact,  sponsor, 
research,  and  recent  results. 
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A  multiple  step  method  was  developed  to  compare  the 
output  of  CFAST  simulations,  produced  either  by  the 
same  version  of  CFAST,  or  by  different  versions  of  the 
model.  Scenarios  to  be  compared  are  run  with  CFAST 
before  the  method  is  used,  producing  files  containing 
a  history  of  the  model  results.  The  first  step  of  the 
comparision  method  produces  a  text  file  of  important 
output  variables  from  each  of  these  history  files,  cor- 
responding to  significant  fire  phenomena  occuring  dur- 
ing the  course  of  each  fire  simulation.  The  next  step 
of  the  method  is  used  to  compare  two  such  text  files, 
and  store  their  differences.  Finally,  the  last  step  sum- 
marizes the  difference  information  found  in  one  or 
more  files  from  the  previous  step.  The  comparison 
method  can  be  used  to  find  differences  between 
CFAST  runs,  and  track  changes  in  the  CFAST  model 
and  detect  if  they  perform  as  anticipated. 
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The  disposal  of  ready  mixed  concrete  truck  wash  water 
and  returned  plastic  concrete  is  a  growing  concern  of 
the  ready  mixed  concrete  industry.  Recently,  extended 
set-retarding  admixtures,  or  stabilizers,  which  slow  or 
stop  the  hydration  of  portland  cement  have  been  intro- 
duced to  the  market.  In  a  statistically  designed  experi- 
ment, the  properties  of  blended  concrete  containing 
stabilized  plastic  concrete  were  evaluated.  The  vari- 
ables in  the  study  included  (1)  concrete  age  when  sta- 
bilized, (2)  stabilizer  dosage,  (3)  holding  period  of  the 
treated  (stabilized)  concrete  prior  to  blending  with  fresh 
ingredients,  and  (4)  amount  of  treated  concrete  in  the 
blended  batch.  The  setting  time,  strength,  and  drying 
shrinkage  of  the  blended  concretes  were  evaluated. 
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Methods  for  reconstructing  three-dimensional  porous 
media  from  two-dimensional  cross  sections  are  evalu- 
ated in  terms  of  the  transport  properties  of  the  recon- 
structed systems.  Two-dimensional  slices  are  selected 
at  random  from  model  three-dimensional 
microstructures,  based  on  penetrable  spheres,  and 
processed  to  create  a  reconstructed  representation  of 
the  original  system.  Permeability,  conductivity,  and  a 
critial  pore  diameter  are  computed  for  the  original  and 
reconstructed  microstructures  to  assess  the  validity  of 
the  reconstruction  technique.  A  surface  curvature  algo- 
rithm is  utilized  to  further  modify  the  reconstructed  sys- 
tems by  matching  the  hydraulic  radius  of  the  recon- 
structed three-dimensional  system  to  that  of  the  two- 
dimensional  slice.  While  having  only  minor  effects  on 
conductivity,  this  modification  significantly  improves 
the  agreement  between  permeabilities  and  critical  di- 
ameters of  the  original  and  reconstructed  systems  for 
porosities  in  the  range  of  25-40%.  For  lower  porosities, 
critical  pore  diameter  is  unaffected  by  the  curvature 
modification  so  that  little  improvement  between  original 
and  reconstructed  permeabilities  is  obtained  by  match- 
ing hydraulic  radii. 
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Over  the  past  twenty  years  there  has  been  much  de- 
bate concering  the  interaction  of  sprinklers  and  draft 
curtains  in  large  storage  facilities.  At  issue  is  whether 
or  not  the  two  fire  protection  systems  are  mutually  ben- 
eficial. Draft  curtains  inhibit  the  spread  of  hot  gases 
near  the  ceiling.  In  some  cases  this  may  accelerate  the 
activation  of  sprinklers  and  in  others  it  could  delay  the 
activation  of  sprinklers  needed  to  suppress  the  fire. 
The  intent  is  not  necessarily  to  simulate  in  detail  the 
two  phase  interaction  of  droplets  and  air  from  a  single 
sprinkler,  nor  to  predict  the  suppression  of  the  fire  it- 
self, but  rather  to  study  the  effect  of  dozens  of  sprin- 
klers on  a  fire-driven  flow  field  in  enclosures  up  to  60 
meters  on  a' side  and  10  meters  high.  The  sprinkler 
spray  serves  to  cool  the  upper  layer  hot  gases  by  me- 
chanical mixing  with  cooler  gases  below  and  absorp- 
tion of  heat  by  the  droplets. 
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A  design  procedure  is  presented  to  compute  the  maxi- 
mum (plastic)  moment,  and  the  story  drift  capacities 
of  a  hybrid  precast  moment-resisting  beam-to-column 
connection.  The  hybrid  connections  consist  of  mild 
steel  which  is  used  to  dissipate  energy  by  yielding  and 
high  strength  prestressing  steel  which  is  used  to  pro- 
vide the  shear  resistance  through  friction  developed  at 
the  beam-column  interface  by  the  post-tensioning 
force.  The  design  procedure  is  based  on  three  1/3- 
scale  hybrid  precast  beam-to-column  connections  test- 
ed at  the  National  Institute  of  Standards  and  Tech- 
nology (NIST).  The  simplified  procedure  relies  on  the 
stess-strain  behavior  of  mild  steel  up  to  its  ultimate 
strength  and  is  based  on  equilibrium  equations  at  the 
beam-column  joint.  The  appendices  include  a  pro- 
posed evaluation  criteria  for  this  hybrid  connection, 
sample  calculations  using  the  design  procedure,  and 
other  calculations  used  to  develop  the  design  criteria. 
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As  multi-phase  composites,  cement-based  materials 
have  physical  properties  that  are  strongly  influenced 
by  the  volume  fractions  and  topologies  of  the  individual 
phases.  Because  of  their  inherent  random  nature, 
these  materials  often  defy  a  simple  geometrical  de- 
scription. The  use  of  digital-image-based  models  al- 
lows one  to  realistically  represent  this  class  of  mate- 
rials, as  resultant  microstructures  can  be  quickly  quan- 
tified with  respect  to  the  volume  fraction  and 
interconnectivity  or  percolation  of  each  phase  or  any 
combination  of  phases.  In  addition,  physical  properties 
such  as  diffusivity  and  permeability  can  be  conven- 
iently computed  using  finite-difference  or  finite-element 
techniques.  These  computer  modelling  techniques  will 
be  demonstrated  for  microstructural  models  of  these 
materials  at  two  scales:  hydrated  cement  past  at  the 
micrometer  level  and  calcium  silicate  hydrate  gel  at  the 
nanometer  level.  The  properties  computed  for  the  gel 
at  the  nanometer  level  can  be  used  as  input  for  the 
micrometer-level  model. 
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Exposure  conditions  such  as  location,  orientation,  ven- 
tilation, and  proximity  to  other  materials  can  influence 
the  fire  performance  of  the  material,  so  these  param- 
eters must  be  addressed  by  the  models  and/or  the 
flammability  characteristics  measurements.  Before  the 
combination  of  fire  models  and  bench  scale  measure- 
ment methods  become  universally  accepted  as  tools 
for  assessing  the  fire  safety  suitability  of  materials  for 
specific  aplication,  the  models  must  be  shown  to  be 
valid,  some  of  the  shortcomings  in  the  measurement 
methods  need  to  be  addressed  and  a  usable  data  base 
needs  to  be  assembled. 
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Intumescence  is  a  property  of  an  important  class  of 
fire-resistant  materials.  In  the  presence  of  fire,  a  suc- 
cession of  chemical  reactions  results  in  melting,  the 
generation  of  multiple  tiny  bubbles  causing  the  material 
to  swell,  and  solidification  into  a  thick  multicellular  char 
layer.  An  intumescent  coating  protects  the  underlying 
substrate  from  the  fire  through  two  mechanisms:  heat 
is  absorbed  by  the  endothermic  chemical  reactions 
that  produce  the  bubbles,  and  the  low  thermal  con- 
ductivity of  the  bubbles  provides  an  insulating  layer. 


The  chemical  mechanism  causes  a  plateau  in  the  plot 
of  substrate  temperature  vs.  time,  and  the  decreased 
effective  thermal  conductivity  slows  the  temperature  in- 
crease with  time  for  the  final  char  layer. 
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A  model  was  developed  previously  for  calculating  com- 
bined buoyancy-  and  pressure-driven  (i.e.,  forced)  flow 
through  a  shallow,  circular,  horizontal  vent  where  the 
vent-connected  spaces  are  filled  with  fluids  of  different 
density  in  an  unstable  configuration  (density  of  the  top 
fluid  is  larger  than  that  of  the  bottom).  In  this  paper  the 
model  equations  are  summarized  and  then  applied  to 
the  problem  of  steady  burning  in  a  ceiling-vented  en- 
closure where  normal  atmospheric  conditions  charac- 
terize the  upper  space  environment.  Such  fire  sce- 
narios are  seen  to  involve  a  zero-to-relatively-mod- 
erate cross-vent  pressure  difference  and  bi-directional 
exchange  flow  between  the  enclosure  and  the  upper 
space.  A  general  solution  to  the  problem  is  obtained. 
This  relates  the  rate  of  energy  release  of  the  fire  to 
the  area  of  the  vent  and  to  the  temperature  and  oxygen 
concentration  of  the  upper  portion  of  the  enclosure  en- 
vironment. The  solution  is  seen  to  be  consistent  with 
previously-published  data  involving  ceiling-vented  fire 
scenarios. 
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International  Mechanical  Engineering  Congress  and 

Exhibition,  Chicago,  IL.,  November  6-11,  1994,  Jnl.  of 

Heat  Transfer,  v1 1 7  p659-667  Aug  95. 

Keywords:  'Vents,  'Airflow,  'Buoyancy,  'Flame propa- 
gation, Boundary  conditions,  Reprints,  Fire  protection, 
Buildings,  Mathematical  models,  Flow  rate,  Boundary 
value  problems. 

Combined  buoyancy  and  pressure-driven  (i.e.,  forced) 
flow  through  a  horizontal  vent  is  considered  where  the 
vent-connected  spaces  are  filled  with  fluids  of  different 
density  in  an  unstable  configuration  (density  of  the  top 
is  larger  than  that  of  the  bottom).  With  zero-to-mod- 
erate cross-vent  pressure  difference,  delta  p,  the  insta- 
bility leads  to  bidirectional  exchange  flow  between  the 
two  spaces,  e.g.,  as  in  the  emptying  from  the  bottom 
of  a  liquid-filled  can  with  a  single  vent  opening.  For  rel- 
atively large  delta  p,  the  flow  through  the  vent  is 
unidirectional,  from  the  high  to  the  low-pressure  space, 
e.g.,  as  is  the  case  when  the  can  has  a  large  enough 
second  vent  at  the  top.  Problems  of  a  commonly  used 
unidirectional  orifice  vent  flow  model,  with  Bernoulli's 
equation  and  a  constant  flow  coefficient,  Cd,  are  dis- 
cussed. 


00,411 

PB96-193651        PC  A03/MF  A01 
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Warping  of  Terrace  Pavers  at  the  U.S.  Capitol 

Building. 

C.  F.  Ferraris,  P.  Stutzman,  and  J.  Clifton.  May  96, 
26p,  NISTIR-5847. 

Keywords:  Construction  materials,  Aggregates,  Ce- 
ments, Concretes,  Alkali  aggregate  reactions,  Con- 
crete durability,  Chemical  reactivity,  Composition,  Sili- 
con dioxide,  Environmental  effects,  Expansion,  Shrink- 
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'United  States  Capitol,  "Warping,  Alkali-silica  reac- 
tions. 

The  terraces  of  the  U.S.  Capitol  are  covered  with  ce- 
ment-based pavers  designed  to  emulate  the  granite 
pavers  used  elsewhere  on  the  Capitol  grounds.  These 
pavers  are  composed  of  two  layers;  an  upper,  decora- 
tive white-cement-based  mortar  with  crushed  mica- 
ceous quartz  aggregate  supported  by  a  base  of  con- 
ventional concrete.  Field  inspection  and  laboratory 
testing  indicates  that  warping  is  probably  due  to  the 
high  cement  content,  environmental  exposure  condi- 
tions, and  possibly  differences  in  hydraulic  length 
changes  of  two  layers  comprising  the  pavers.  Alkali- 
silica  reactivity  (ASR)  tests  indicate  that  the  base  layer 
aggregate  is  marginally  reactive  and  the  upper  layer 
aggregate  is  non-reactive. 
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PB96-1 93693       PC  A04/MF  A01 
National  Inst,  of  Standards  and  Technology  (BFRL), 
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Room-Temperature  Thermal  Conductivity  of  Ex- 
panded Polystyrene  Board  for  a  Standard  Ref- 
erence Material. 

R.  R.  Zarr,  M.  W.  Davis,  and  E.  H.  Anderson.  May 
96,  45p,  NISTIR-5838. 

Keywords:  "Thermal  insulation,  "Standards, 
"Polystyrene,  Building  materials,  Tests,  SRMfStandard 
Reference  Material). 

Thermal  conductivity  measurements  at  room  tempera- 
ture are  presented  as  the  basis  for  certified  values  of 
SRM  1453,  expanded  polystyrene  board.  The  meas- 
urements have  been  conducted  in  accordance  with  a 
randomized  full  factorial  experimental  design  with  two 
variables,  bulk  density  and  temperature,  using  NIST's 
one-meter  line-heat-source  guarded  hot  plate  appara- 
tus. Uncertainties  of  the  measurements,  consistent 
with  current  ISO  guidelines,  have  been  prepared.  The 
thermal  conductivity  measurements  were  conducted 
over  a  range  of  bulk  density  of  37.4  to  45.8  km/cu  m 
and  mean  temperature  of  281  to  31 3  K.  Statistical  anal- 
yses of  the  physical  properties  of  the  SRM  are  pre- 
sented and  include  variations  between  boards,  as  well 
as  within  boards.  Measurements  of  the  foam's  com- 
pressive properties  and  microstructure  are  presented. 
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National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD. 

NIST  Construction  Automation  Program  Report 
No.  2.  Proceedings  of  the  NIST  Construction  Auto- 
mation Workshop.  Held  in  Gaithersburg,  Maryland 
on  March  30-31, 1995. 

W.  C.  Stone.  May  96,  159p,  NISTIR-5856. 

Keywords:  "Meetings,  "Buildings,  "Automation, 
"Robotics,  "Construction,  Excavation,  Data  exchange, 
Laser  metrology,  Global  positioning  system,  Telem- 
etry, Virtual  reality,  Display  systems,  Wireless  commu- 
nications, Optical  detectors,  Standards,  "Helmet 
mounted  displays. 

A  two-day  workshop  on  Construction  Automation  was 
hosted  at  NIST  from  March  30-31,  1995.  Research 
programs  actively  underway  at  NIST  in  this  area  in- 
clude the  development  of  sensing  systems,  hardware, 
and  software  algorithms  for  advanced  real-time  con- 
struction site  metrology;  wide  band  telemetry  and  data 
acquisition  (the  ability  to  track  many  sensors  at  once 
through  wireless  communications);  virtual  site  simula- 
tion and  object  representation  standards  (development 
of  robust  virtual  reality  models  for  construction  site  ob- 
jects and  machines);  person-in-loop  systems  including 
head-up  displays,  virtual  simulators,  tele-operations 
workstations,  and  portable  database  interrogators 
which  provide  information-on-demand  to  construction 
site  personnel;  and  semi-autonomous  machine  oper- 
ations. These  topics,  and  the  need  for  database  and 
machine  interfacing  standards,  were  discussed  by 
workshop  participants  representing  industry,  govern- 
ment, and  academe.  Specific  invited  presentations  in- 
cluded laser  distancing,  non-line-of-sight  and  kine- 
matic GPS  metrology,  automated  data  exchange 
standards,  real-time  kinematic  modeling,  military  hel- 
met-mounted displays,  virtual  reality  displays,  con- 
struction robotics,  automated  excavation,  virtual  site 
representation,  and  automated  building  construction. 
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National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD.  Building  Materials  Div. 


Measurement  of  Rheological  Properties  of  High 
Performance  Concrete:  State  of  the  Art  Report. 

C.  F.  Ferraris.  Jul  96,  41  p,  NISTIR-5869. 

Keywords:  "Concretes,  "Rheological  properties,  Test 
methods,  Viscosity,  Cements,  Slumping,  Workability. 

The  rheology  or  flow  properties  of  concrete  in  general 
and  of  high  performance  concrete  (HPC)  in  particular, 
is  important,  because  many  factors  such  as  ease  of 
placement,  consolidation,  durability,  and  strength  de- 
pend on  the  flow  properties.  This  report  gives  an  over- 
view of  the  flow  properties  of  a  fluid  or  a  suspension, 
followed  by  a  critical  review  of  the  most  often  used 
tests  for  concrete  rheology.  Particular  attention  is  given 
to  tests  that  could  be  used  for  HPC.  Tentative  defini- 
tions of  terms  such  as  workability,  consistency,  and 
rheological  parameters  are  provided.  An  overview  of 
the  most  promising  tests  and  models  for  cement  paste 
is  given. 
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PB97-1 1 1 892       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD.  Building  Environment  Div. 

Test  Procedures  for  Advanced  Insulation  Panels. 

Final  rept. 

A.  H.  Fanney,  C.  A.  Saunders,  and  S.  D.  Hill.  1995, 
13p. 

Pub.  in  Superinsulations  and  the  Building  Envelope, 
Washington,  DC,  November  14,  1995,  p149-161. 

Keywords:  "Panels,  "Thermal  insulation,  "Heat  trans- 
fer, "Test  methods,  Wallboard,  Calorimeters, 
Flowmeters,  Moisture  proofing,  Humidity,  Procedures, 
Reprints. 

The  National  Institute  of  Standards  and  Technology 
(NIST)  has  undertaken  a  research  program  to  develop 
thermal  measurement  techniques  appropriate  for  ad- 
vanced insulation  panels.  The  paper  describes  the  de- 
sign of  a  calorimetric  apparatus,  compares  the 
calorimetric  results  to  measurements  made  using  a 
heat  flow  meter  apparatus  for  homogenous  materials, 
and  describes  the  procedure  used  to  determine  the 
thermal  resistance  of  an  advanced  insulation  panel.  Fi- 
nite-element modeling  results  are  presented  which 
show  the  effect  of  various  physical  parameters  on  the 
overall  thermal  resistance  of  a  metal-clad  powder-filled 
vacuum  insulation  system. 
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PB97-111991       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Building  Environment  Div. 
Empirical  Validation  of  a  Transient  Computer 
Model  for  Combined  Heat  and  Moisture  Transfer. 
Final  rept. 

C.  Rode,  and  D.  M.  Burch.  1995,  13p. 
Pub.  in  'Thermal  VI'  Thermal  Performance  of  the  Exte- 
rior Envelopes  of  Buildings  VI,  Clearwater  Beach,  FL., 
December  4-8,  1996,  p283-295  1995. 

Keywords:  "Wallboards,  "Heat  transfer,  "Moisture  con- 
tent, "Computer  models,  Panels,  Building  materials, 
Water  vapor,  Condensation,  Diffusion,  Transient  re- 
sponse, Transfer  functions,  Reprints. 

A  computer  program  for  transient  modeling  of  com- 
bined heat  and  moisture  transfer  in  building  construc- 
tions is  introduced.  The  model's  predictions  are  com- 
pared against  moisture  content  and  heat  flux  data  ob- 
tained for  six  typical  North  American  lightweight  wall 
constructions  that  have  been  exposed  to  climatic  con- 
ditions in  a  calibrated  hot  box.  The  experiment,  and 
thus  the  validation,  was  restricted  to  diffusive  transport 
mechanisms  taking  place  in  the  hygroscopic  region. 
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PB97-1 18996       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (BFRL), 
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Line-Heat-Source  Guarded-Hot-Plate  Apparatus. 

Final  rept. 

R.  R.  Zarr,  and  M.  H.  Hahn.  1995,  32p. 
See  also  PB95-181202. 

Pub.  in  Line-Heat-Source  Guarded-Hot-Plate  Appara- 
tus, ASTM  C  1043,  32p  Dec  95. 

Keywords:  "Design,  "Construction,  Heat  meters,  Ther- 
mal insulation,  Thermal  conductivity,  Heat  trans- 
mission, Thermodynamic  properties,  Thermal  meas- 
urement, Reprints,  "Line  heat  sources,  "Guarded  hot 
plate. 

The  adjunct  describes  the  line-heat-source  guarded- 
hot-plate  apparatus  fabricated  by  the  National  Institute 


of  Standards  and  Technology.  It  is  intended  as  a  guide 
in  the  design  and  construction  of  a  guarded  hot  plate 
having  circular  line  heat  sources.  The  essential  re- 
quirements for  steady-state  testing  of  heat  insulators 
are  described  in  ASTM  Test  Method  C  177  and  the 
essential  requirements  for  the  design  of  guarded  hot 
plates  having  circular  line-heat  sources  are  covered  in 
ASTM  Practice  C  1043. 
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PB97-121339       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD.  Building  Materials  Div. 

Computer  Simulations  of  Binder  Removal  from  2- 

D  and  3-D  Model  Particulate  Bodies. 

Final  rept. 

J.  A.  Lewis,  M.  A.  Galler,  and  D.  P.  Bentz.  1996, 
12p. 

Pub.  in  Jnl.  of  the  American  Ceramic  Society,  v79  n5 
p1 377-1 388  1996. 

Keywords:  "Binders,  "Thermoplastic  resins, 
"Particulates,  "Removal,  Plasticizers,  Microstructure, 
Liquid  phases,  Porosity,  Transport  properties,  Iso- 
thermal processes,  Two  dimensional  models,  Three  di- 
mensional models.  Computerized  simulation,  Reprints. 

A  series  of  computer  simulations  were  developed  to 
investigate  the  removal  of  multicomponent,  thermo- 
plastic binders  from  two-  and  three-dimensio  lal  model 
particulate  bodies.  Monosized  particles  with  varying  di- 
ameters were  randomly  placed  in  such  systems,  and 
all  unoccupied  pixels  were  assigned  to  the  binder 
phase  at  ratios  of  1:9,  1:2,  or  1:1  plasticizer  (volatile) 
to  polymeric  (nonvolatile)  species.  Simulations  were 
carried  out  under  isothermal  conditions  to  study  the  in- 
fluence of  liquid-phase  transport  processes,  i.e.,  plasti- 
cizer diffusion  in  the  binder-filled  pore  network  and 
capillary-driven  redistribution  of  the  binder  phase,  on 
plasticizer  removal  rates.  Plasticizer  diffusion  was 
modeled  by  a  random-walk  algorithm,  and  nonplanar 
pore  development  arising  from  capillary-driven  binder 
redistribution  was  modeled  by  an  invasion  percolation 
algorithm.  For  comparison,  simulations  were  also  car- 
ried out  on  systems  in  which  binder  redistribution  was 
not  permitted. 
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PB97-1 22535       Not  available  NTIS 
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Parametric  Study  of  Wall  Moisture  Contents  Using 
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Transfer  Model. 
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G.  Tsongas,  D.  Burch,  C.  Roos,  and  M. 
Cunningham.  1995,  13p. 

Pub.  in  'Thermal  VI'  Thermal  Performance  of  the  Exte- 
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Keywords:  "Relative  humidity,  "Moisture  content, 
"Walls,  Water  vapor,  Wallboards,  Panels,  Condensa- 
tion, Diffusion,  Heat  transfer,  Building  materials,  Win- 
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prints, "Indoor  environments,  Moisture  transfer,  MOIST 
computer  model. 

The  authors  modified  the  model  to  calculate  the  hourly 
indoor  relative  humidity  during  the  heating  season  as 
a  function  of  outdoor  weather  conditions,  indoor  air 
temperature,  building  size  and  airtightness,  and  indoor 
moisture  generation  rate.  This  enhanced  version  of 
MOIST  was  subsequently  used  to  investigate  moisture 
accumulation  in  a  5-cm  by  15-cm  (2-in.  by  6-in.)  wood- 
framed  wall  exposed  to  a  number  of  different  winter 
climates.  Predictions  with  a  constant  indoor  relative  hu- 
midity were  compared  to  those  with  a  'floating'  or  vari- 
able indoor  relative  humidity.  In  addition,  the  variable 
indoor  relative  humidity  program  was  used  to  analyze 
the  effect  of  building  airtightness,  the  indoor  moisture 
generation  rate,  and  the  existence  of  exfiltration.  The 
need  for  an  interior  vapor  retarder  in  walls  exposed  to 
cold  climates  also  was  examined.  Moreover,  the  ef- 
fects of  exterior  insulating  sheathing  and  an  exterior 
vapor  retarder  were  modeled.  Results  and  findings  are 
presented  along  with  pertinent  conclusions  regarding 
appropriate  building  construction  techniques  in  winter 
heating  climates. 
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L.  T.  Phan.  Oct  90,  62p,  NISTIR-4419. 
Contract  GSA/PBS-87-03 

Sponsored  by  Public  Buildings  Service,  Washington, 
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Keywords:  'Federal  buildings,  'Earthquake  engineer- 
ing, US  GSA,  Seismic  design.  Dynamic  structural  anal- 
ysis, Instruments,  Computerized  simulation, 
Portland(Oregon),  Long  Beach(California). 

Two  existing  GSA  buildings,  one  in  Long  Beach,  Cali- 
fornia, and  one  in  Portland,  Oregon,  were  subjected 
to  low-level  vibration  tests  to  determine  their  dynamic 
properties  and  response  frequencies.  The  measured 
dynamic  properties  of  the  buildings  were  incorporated 
into  the  computer  models  of  the  buildings  and  time-his- 
tory analyses  using  these  models  were  performed.  The 
purpose  of  the  analyses  is  to  reveal  building  response 
under  these  realistic  earthquake  excitations,  so  that 
logical  seismic  instrumentation  schemes  can  be  devel- 
oped for  these  buildings.  The  results  of  the  analyses 
suggest  that  the  response  of  the  Portland  building  is 
influenced  more  by  torsional  and  rocking  motions, 
while  the  response  of  the  Long  Beach  building  is  influ- 
enced mainly  by  translational  modes.  From  the  ob- 
served behavior  of  the  buildings,  a  seismic  instrumen- 
tation scheme  is  developed  for  each  building,  and  a 
general  guideline  for  seismic  instrumentation  in  exist- 
ing building  is  recommended. 
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National  Inst,  of  Standards  and  Technology  (BFRL), 
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Northridge   Earthquake,   1994.   Performance  of 

Structures,  Lifelines  and  Fire  Protection  Systems. 

D.  Todd,  N.  Carino,  R.  M.  Chung,  W.  D.  Walton,  H. 

S.  Lew,  and  A.  W.  Taylor.  Mar  94,  176p,  NISTIR- 

5396. 

Keywords:  'Earthquakes,  'Damage  assessment, 
'California,  Buildings,  Bridges(Structures),  Office 
buildings,  Freeways,  Apartment  buildings,  Los 
Angeles(California),  Northridge(California). 

A  magnitude  6.8  (MS)  earthquake  centered  under  the 
community  of  Northridge  in  the  San  Fernando  Valley 
shook  the  entire  Los  Angeles  metropolitan  area  at  4:31 
a.m.  local  time  Monday,  January  17,  1994.  Moderate 
damage  to  the  built  environment  was  widespread;  se- 
vere damage  included  collapsed  buildings  and  high- 
way overpasses.  A  total  of  58  deaths  were  attributed 
to  the  earthquake  by  the  Los  Angeles  Coroner.  About 
1,500  people  were  admitted  to  hospitals  with  major  in- 
juries; another  1 6,000  or  so  were  treated  and  released. 
Estimates  indicated  that  this  will  be  the  United  States' 
most  costly  natural  disaster  ever.  A  multi-agency  team, 
organized  under  the  auspices  of  the  Interagency  Com- 
mittee on  Seismic  Safety  in  Construction  and  headed 
by  the  National  Institute  of  Standards  and  Technology, 
arrived  at  the  earthquake  site  within  days  of  the  event 
to  document  the  effects  of  the  earthquake.  The  team 
focused  on  the  effects  to  the  built  environment,  with 
the  goal  of  capturing  perishable  data  and  quickly  identi- 
fying situations  deserving  in-depth  study.  The  report  in- 
cludes a  summary  of  the  team's  observations.  While 
most  structural  damage  occurred  in  buildings  and 
bridges  of  construction  type  and  vintage  known  to  be 
vulnerable  to  earthquake  shaking,  there  were  some 
unexpected  failures.  Notable  among  these  were  the 
collapses  of  relatively  modern  parking  structures  and 
a  bridge  that  appeared  to  be  adequate  by  today's 
standards.  Recommendations  are  made  for  further 
studies  of  the  Northridge  earthquake  that  can  lead  to 
improved  mitigation  of  earthquake  effects. 
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H.  W.  Shenton.  Feb  94,  33p,  NISTIR-5345. 

See  also  PB92-1 39732. 

Keywords:  'Vibration  isolators,  'Buildings, 
'Earthquake  engineering,  Seismic  design,  Quality  con- 
trol, Design  criteria,  Tests,  Lateral  forces. 


Seismic  isolation  systems  designed  according  to  the 
1991  Uniform  Building  Code,  or  the  1991  AASHTO 
Guide  Specification  for  Seismic  Isolation  Design  are 
required  to  undergo  a  series  of  prototype  and  quality 
control  tests  before  being  installed  in  the  structure.  At 
the  present  time  standards  do  not  exist  for  conducting 
these  tests  and  results  are  subject  to  unknown  varia- 
bility. The  document  represents  the  initiation  of  the 
process  to  develop  standards  for  quality  control  testing 
of  seismic  isolation  systems  built  in  the  U.S.  The  guide- 
lines are  devoted  specifically  to  quality  control  testing 
of  elastomeric  systems.  The  guidelines  address  mate- 
rial and  component  tests  to  be  conducted  during  pro- 
duction, and  tests  on  completed  isolation  units. 
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The  Building  and  Fire  Research  Laboratory  of  the  Na- 
tional Institute  of  Standards  and  Technology  is  devel- 
oping a  draft  guideline  for  testing  and  evaluation  of 
seismic  base  isolation  systems.  This  is  a  multi-year  ef- 
fort with  the  goal  being  the  adoption  of  the  guidelines 
by  model  code  organizations  and  the  Interagency 
Committee  on  Seismic  Safety  in  Construction  (ICSSC). 
A  five  member  Oversight  Committee  has  been  formed 
to  guide  NIST  in  the  development  of  the  guidelines. 
The  committee  includes  individuals  from  the  research 
and  private  sectors  with  expertise  in  the  design,  fab- 
rication and  testing  of  seismic  isolation  components 
and  hardware,  and  in  the  design  of  structures  which 
incorporate  seismic  isolation.  The  draft  guideline  is  in- 
tended to  be  general  and  comprehensive;  it  will  be  ap- 
plicable to  an  isolation  system  regardless  of  the  super- 
structure; it  will  be  applicable  to  all  viable  systems, 
whether  they  be  elastomeric,  sliding  or  hybrid;  and  will 
be  applicable  to  systems  which  consist  of  multiple 
isolator  units,  or  incorporate  different  components  that 
are  distributed  throughout  the  isolation  interface.  It  will 
cover  all  pertinent  structural  evaluation  tests  of  the  iso- 
lation device.  The  objective  and  scope  of  the  effort  are 
described,  along  with  a  preliminary  multi-year  sched- 
ule. Progress  to  date  is  summarized. 

00,424 

PB94-176278       PC  A08/MF  A02 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD. 

Evaluation  and  Strengthening  Guidelines  for  Fed- 
eral Buildings:  Identification  of  Current  Federal 
Agency  Programs. 

Final  rept. 
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The  National  Institute  of  Standards  and  Technology 
(NIST),  by  order  of  the  President,  is  developing  seismic 
evaluation  and  strengthening  guidelines  (Guidelines 
for  Federal  Buildings)  for  federally  owned  and  leased 
buildings.  The  project  is  overseen  by  the  Interagency 
Committee  on  Seismic  Safety  in  Construction  (ICSSC) 
and  funded  by  the  Federal  Emergency  Management 
Agency  (FEMA).  The  report  develops  Task  1,  the  iden- 
tification of  seismic  mitigation  programs.  The  report  in- 
cludes a  detailed  work  plan  and  schedule  for  the  entire 
project,  a  list  of  ICSSC  member  contacts,  the  results 
of  telephone  conversations  with  all  ICSSC  committee 
members  to  identify  existing  seismic  strengthening 
programs,  the  results  of  detailed  meetings  with  seven 
federal  agencies  and  four  private  sector  organizations 
selected  for  in-depth  study,  and  summaries  of  the  per- 
formance objectives  for  all  agencies  and  organizations. 
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Evaluation  and  Strengthening  Guidelines  for  Fed- 
eral Buildings:  Assessment  of  Current  Federal 
Agency  Evaluation  Programs  and  Rehabilitation 
Criteria  and  Development  of  Typical  Costs  for  Seis- 
mic Rehabilitation. 
Final  rept. 

C.  D.  Poland,  W.  T.  Holmes,  J.  R.  Soulages,  and  D. 
L.  Provencher.  Mar  94,  162p,  NIST/GCR-94/650. 
Prepared  in  cooperation  with  Degenkolb  (H.J.)  Associ- 
ates, San  Francisco,  CA.  Sponsored  by  Federal  Emer- 
gency Management  Agency,  Washington,  DC. 

Keywords:  'Federal  buildings,  'Earthquake  engineer- 
ing, 'Design  standards,  Seismic  design,  Public  Law 
101-614. 

The  National  Institute  of  Standards  and  Technology 
(NIST),  in  accordance  with  Public  Law  101-614,  is  de- 
veloping seismic  evaluation  and  strengthening  guide- 
lines (Guidelines  for  Federal  Buildings)  for  federally- 
owned  and  leased  buildings.  The  project  is  overseen 
by  the  Interagency  Committee  on  Seismic  Safety  in 
Construction  (ICSSC)  and  funded  by  the  Federal 
Emergency  Management  Agency  (FEMA).  The  report 
develops  Task  2,  (see  Appendix  A  for  complete  scope 
of  work)  assessment  of  current  federal  agency  evalua- 
tion programs  and  rehabilitation  criteria  and  Task  3, 
development  of  typical  costs  for  seismic  rehabilitation. 
Part  I  of  the  Task  2  report  includes  a  qualitative  and 
quantitative  comparison  of  six  federal  agency  pro- 
grams to  the  most  recent  versions  of  the  NEHRP  Eval- 
uation Handbook  and  the  NEHRP  Techniques  Hand- 
book. 
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Shear  strength,  Earthquake  engineering,  Displace- 
ment, Dynamic  response,  Infilled  walls. 

Empirical  equations  were  developed  for  estimations  of 
ultimate  lateral  shear  strength,  story  drift  ratio  at  ulti- 
mate load,  and  ductility  factor  of  existing  lightly  rein- 
forced concrete  frames  (bare  frames),  existing  mono- 
lithic shear  walls,  and  reinforced  concrete  frames 
strengthened  either  by  cast-in-place  infilled  walls  or  by 
single  or  multiple  precast  concrete  panels.  These 
equations  were  derived  based  on  experimental  results 
of  many  independently  conducted  test  programs.  Esti- 
mations of  the  ultimate  shear  stress,  ultimate  story  drift 
ratio  (story  drift  at  ultimate  load  divided  by  story 
height),  and  ductility  factor  using  the  empirical  equa- 
tions compared  favorably  with  the  experimental  re- 
sults. The  estimations  confirm  many  observations 
made  independently  in  individual  test  programs.  The 
empirical  expressions  also  provide  benchmark  values 
or  ranges  for  these  important  parameters  and  thus  pro- 
vide a  useful  means  for  quick  estimations  of  seismic 
capacity  of  bare,  monolithic,  and  strengthened  lightly 
reinforced  concrete  frames. 


00,427 

PB94-1 99981       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Structures  Div. 
Dynamic  Characteristics  of  Five  Tall  Buildings  dur- 
ing Strong  and  Low-Amplitude  Motions. 
Final  rept. 

M.  Celebi,  L.  T.  Phan,  and  R.  D.  Marshall.  1993, 
15p. 

Pub.  in  Structural  Design  of  Tall  Buildings  2,  p1-15 
1993. 

Keywords:  'Structural  vibration,  "Buildings,  "Dynamic 
response,  'Seismic  effects,  'Soil-structure  inter- 
actions, Earthquake  damage,  Earthquake  engineering, 
Dynamic  structural  analysis,  Data  acquisition, 
Accelerometers,  Earth  movements,  Reprints. 

The  objectives  of  the  paper  are  to  present  (1)  a  com- 
parison of  dynamic  characteristics  of  five  buildings  de- 
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termined  from  recorded  strong-motion  response  data 
and  from  low-amplitude  (ambient  vibration)  tests,  and 
(2)  a  description  of  the  low-amplitude  ambient  testing 
and  PC-based  data-acquisition  approach  that  is  inte- 
grated with  the  permanent  strong-motion  instrumenta- 
tion in  the  five  buildings.  All  five  buildings  are  within 
the  San  Francisco  Bay  area  and  the  strong-motion  dy- 
namic characteristics  are  extracted  from  the  October 
17,  1989  Loma  Prieta  earthquake  response  records. 
Ambient  vibration  tests  on  the  same  five  buildings  were 
conducted  in  September  1990.  Analyses  of  strong-mo- 
tion response  and  low-amplitude  test  data  have  been 
performed  by  many  investigators.  The  present  study 
differs  from  numerous  previous  investigations  because 
(1)  in  the  study,  accelerometers  in  the  five  perma- 
nently-instrumented buildings  were  used  during  the 
low-amplitude  testing,  and  (2)  rapid  screening  of  the 
strong-motion  response  data  was  achieved  with  a  con- 
certed use  of  system  identification  software.  The  re- 
sults show  for  all  cases  that  the  fundamental  periods 
and  corresponding  percentages  of  critical  damping  de- 
termined from  low-amplitude  tests  are  appreciably 
lower  than  those  determined  from  strong-motion  re- 
sponse records. 
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Limited  wind  speed  measurements  obtained  during 
landfall  of  Hurricane  Andrew  in  south  Florida  and  wind 
speed  estimates  obtained  from  a  computer-based 
model  and  from  analyses  are  summarized  and  com- 
pared with  code-specified  design  speeds  for  the  af- 
fected area.  Published  reports  of  wind  damage  to  man- 
ufactured homes  and  to  conventional  wood-framed 
dwellings  are  reviewed  to  identify  modes  of  failure  and 
intensity  of  damage.  In  general,  manufactured  homes 
which  were  built  subsequent  to  issuance  of  the  Manu- 
factured Home  Construction  and  Safety  Standards 
(MHCSS)  suffered  less  damage  than  did  units  built 
prior  to  issuance  of  the  MHCSS. 
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Surface  wind  speeds  during  the  passage  of  Hurricane 
Hugo  through  the  U.S.  Virgin  Islands  and  Puerto  Rico 
are  described.  Although  damage  to  the  affected  areas 
was  extensive,  an  assessment  of  relevant  data  indi- 
cates that  the  actual  wind  speeds  were  far  lower  than 
those  reported  by  the  news  media.  The  consequences 
of  overstating  the  wind  speeds  are  examined  and  ac- 
tions to  improve  the  accuracy  of  measuring  and  report- 
ing wind  speeds  are  outlined. 
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Most  reinforced  concrete  (RC)  frame  structures  in  the 
mid-western  and  eastern  regions  of  the  United  States 
are  built  mainly  for  gravity  loads  without  proper  seismic 
design,  and  thus  are  vulnerable  to  severe  damage  in 
the  event  of  a  major  earthquake  in  these  regions.  While 
the  need  to  retrofit  these  RC  frame  structures  is  recog- 
nized and  different  strengthening  techniques  have 
been  laboratory-tested  and  applied  in  practice  world- 
wide, ability  to  assess  the  relative  merits  of  different 
strengthening  schemes  or  to  predict  the  improved  per- 
formance of  a  strengthened  structure  is  still  lacking. 
The  paper  describes  the  development  of  experimental- 
based  hysteresis  models  of  unstrengthened  and 
strengthened  concrete  frames  by  using  the  system 
identification  method.  The  analytical  models  are  vali- 
dated by  comparing  the  analytical  results  with  results 
of  experiments  on  strengthened  RC  frames. 
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These  seismic  evaluation  and  mitigation  standards, 
Standards  of  Seismic  Safety  for  Existing  Federally 
Owned  or  Leased  Buildings  and  Commentary,  were 
developed  for  use  by  the  Federal  government  by  the 
Interagency  Committee  on  Seismic  Safety  in  Construc- 
tion (ICSSC)  in  conjunction  with  the  National  Institute 
of  Standards  and  Technology  (NIST).  The  project  was 
funded  by  the  Federal  Emergency  Management  Agen- 
cy (FEMA).  The  intent  of  this  document  is  to  provide 
Federal  agencies  with  minimum  standards  for  the  eval- 
uation and  mitigation  of  seismic  hazards  in  their  build- 
ing inventories. 
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The  report  describes  a  continuation  of  earlier  studies 
carried  out  by  the  National  Institute  of  Standards  and 
Technology  (NIST)  at  the  request  of  the  Department 
of  Housing  and  Urban  Development  (HUD)  following 
the  devastation  caused  by  Hurricane  Andrew  in  south 
Florida  on  August  24,  1992.  In  the  earlier  work,  dam- 
age to  manufactured  homes  was  examined  in  light  of 
the  probable  maximum  wind  speeds  in  the  affected 
area,  and  the  wind  load  provisions  of  selected  codes 
and  standards  used  for  structural  design  in  hurricane- 
prone  regions  were  compared.  On  the  basis  of  that 
work,  it  was  recommended  that  ASCE  7-88  (Minimum 
Design  Loads  for  Buildings  and  Other  Structures) 
should  be  the  primary  resource  document  for  updating 
and  improving  the  wind  load  provisions  of  the  Manufac- 
tured Home  Construction  and  Safety  Standards 
(MHCSS). 
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Wind  and  Seismic  Effects.  Proceedings  of  the  U.S.- 
Japan Cooperative  Program  in  Natural  Resources 
Panel  on  Wind  and  Seismic  Effects  (26th).  Held  in 
Gaithersburg,  Maryland  on  May  17-20, 1994. 
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The  publication  is  the  Proceedings  of  the  26th  Joint 
Meeting  of  the  U.S. -Japan  Panel  on  Wind  and  Seismic 
Effects.  The  Proceedings  include  the  program,  list  of 
members,  panel  resolutions,  task  committee  reports, 
and  45  technical  papers.  The  papers  were  presented 
under  five  themes:  (1)  Wind  Engineering,  (2)  Earth- 
quake Engineering,  (3)  Storm  Surge  and  Tsunamis,  (4) 
Joint  Cooperative  Research  Program,  and  (5) 
Northridge  Southern  California  and  Hokkaido  Nansei- 
Oki  Earthquakes. 
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Public  Law  101-614  requires  the  Interagency  Commit- 
tee on  Seismic  Safety  in  Construction  to  develop 
'standards  for  assessing  and  enhancing  the  seismic 
safety  of  existing  buildings  constructed  for  or  leased 
by  the  Federal  Government.'  The  paper  describes  the 
process  that  is  being  used  to  develop  the  standards; 
presents  the  results  of  an  Issues  Workshop  held  for 
potentially  affected  Federal  agencies,  at  which  philo- 
sophical and  administrative  concerns  were  addressed; 
and  describes  the  anticipated  content  of  the  standard. 
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The  tendency  of  both  governments  and  engineers  to 
form  acronyms  seems  to  reach  an  apex  in  the  U.S. 
earthquake  engineering  community.  The  paper  defines 
organization  acronyms  and  presents  short  idiomatic 
and  official  titles  of  earthquake-related  documents.  The 
text  uses  a  description  of  the  Federal  earthquake  pro- 
gram, the  world  of  building  codes,  and  the  history  of 
the  NEHRP  Recommended  Provisions  to  illustrate  how 
many  of  these  organizations  and  documents  are  relat- 
ed. 
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Losses  of  property  approaches  $10  billion,  losses  of 
62  lives,  and  severe  disruption  of  human  activities  from 
the  October  17,  1989,  Loma  Prieta,  California,  earth- 
quake reminded  the  United  States  of  the  severe 
threats  posed  by  great  earthquakes.  Unless  enhanced 
efforts  are  made  to  reduce  earthquake  hazards,  a  large 
earthquake  close  to  a  major  metropolitan  area  can  kill 
tens  of  thousands  of  people,  cause  tens  of  billions  of 
dollars  of  direct  property  losses,  and,  through  con- 
sequent losses,  severely  disrupt  economic  activity  for 
the  whole  nation.  46  of  the  50  states  are  vulnerable 
to  strong  earthquakes.  In  the  eastern  half  of  the  coun- 
try, the  area  that  would  be  affected  by  an  earthquake 
could  be  10  times  as  large  as  for  a  similar  earthquake 
in  California. 
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The  issues  of  what  students  should  learn  about  struc- 
tural analysis  and  how  it  should  be  taught  are  explored 
considering  the  purposes  of  structural  analysis  in  engi- 
neering practice  and  the  motivation  of  structural  engi- 
neering students.  Structural  analysis  is  considered  to 
be  the  process  by  which  the  structure  and  its  environ- 
ment are  modeled  to  predict  structural  response. 
Structural  analysis  is  addressed  as  a  process  linked 
integrally  to  professional  responsibilities  such  as  de- 
sign, review  for  safety  and  serviceability,  construction, 
condition  assessment  of  existing  structures,  perform- 
ance investigations,  modification  and  renovation. 
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Experimental  results  of  eight  1/3-scale  model  precast 
concrete  beam-to-column  connections  are  presented. 
The  test  specimens  consisted  of  interior  connections 
designed  in  accordance  with  the  1 985  Uniform  Building 
Code  provisions  for  Seismic  Zones  2  and  4.  These 
tests  constitute  the  second  and  third  phases  of  a  multi- 
year  test  program  being  conducted  at  the  National  In- 
stitute of  Standards  and  Technology.  The  objective  of 
the  test  program  is  to  develop  guidelines  for  an  eco- 
nomical precast  beam-to-column  connection  for  re- 
gions of  high  seismicity.  Variables  considered  in  the 
research  program  include  location  of  the  post-tension- 
ing  steel,  the  use  of  post-tensioning  bars  vs. 
prestressing  strands  and  fully  bonded  vs.  partially 
bonded  strands.  Specimens  were  subjected  to  re- 
versed cyclic  loading  according  to  a  prescribed  dis- 
placement history.  Comparison  of  results  with  the  mon- 
olithic test  specimens  indicates  that  the  post-tensioned 
precast  concrete  specimens  had  comparable  connec- 


tion strengths,  higher  ultimate  displacement  ductilities 
and  total  energy  dissipation  to  failure,  but  lower  energy 
dissipation  per  cycle. 
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The  experimental  test  results  from  three  1/3-scale 
model  precast  concrete  beam-to-column  connections 
is  summarized.  These  tests  are  part  of  a  multi-phased 
test  program  being  conducted  at  the  National  Institute 
of  Standards  and  Technology.  The  objective  of  the  test 
program  is  to  develop  guidelines  for  an  economical 
precast  beam-to-column  connection  for  regions  of  high 
seismicity.  The  test  specimens  were  interior  connec- 
tions designed  using  the  Uniform  Building  Code  (ICBO, 
1985  and  1988)  criteria  for  seismic  Zones  2  and  4  as 
design  guidelines.  Partially  debonded  strands  were 
employed  in  two  of  the  specimens  and  while  the  third 
combined  low  strength  steel  with  post-tensioning  steel. 
Specimens  were  subjected  to  reversed  cyclic  loading 
according  to  a  prescribed  displacement  history.  Com- 
parisons are  made  between  the  behavior  of  these  pre- 
cast specimens  with  previous  precast  and  monolithic 
specimens  which  were  tested  earlier.  The  comparisons 
were  based  on  connection  strength,  connection  ductil- 
ity, and  energy  absorption  characteristics. 
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The  experimental  test  program  being  conducted  at  the 
National  Institute  of  Standards  and  Technology  on  1/ 
3-scale  model  precast  concrete  beam-to-column  con- 
nections is  summarized.  The  objective  of  the  test  pro- 
gram is  to  develop  guidelines  for  an  economical  pre- 
cast beam-to-column  connection  for  regions  of  high 
seismicity.  The  test  specimens  were  interior  connec- 
tions designed  using  the  Uniform  Building  Code  (ICBO, 
1985  and  1988)  criteria  for  seismic  Zones  2  and  4  as 
guidelines.  To  date,  fifteen  specimens  have  been  test- 
ed. Variables  in  the  study  include  location  of  the  post- 
tensioning  steel,  the  use  of  post-tensioning  bars  versus 
prestressing  strands,  fully  bonded  versus  partially 
bonded  strands,  and  the  combination  of  low  strength 
steel  and  post-tensioning.  Specimens  were  subjected 
to  reversed  cyclic  loading  according  to  a  prescribed 
displacement  history.  Comparisons  are  made  between 
the  behavior  of  these  precast  specimens  with  previous 
precast  and  monolithic  specimens.  The  comparisons 
were  based  on  connection  strength,  connection  ductil- 
ity, and  energy  absorption  characteristics. 
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In  the  past  twenty  years  a  vast  new  body  of  extreme 
value  theory  was  developed,  referred  to  as  'peaks  over 
threshold  modeling.'  This  theory  allows  the  use  in  the 
analysis  of  all  data  exceeding  a  sufficiently  high  thresh- 
old, a  feature  that  may  result  in  improved  extreme 
value  estimates.  The  application  of  the  theory  depends 
upon  the  performance  of  methods  for  estimating  the 
distribution  parameters  corresponding  to  any  given  set 
of  extreme  data.  We  present  a  comparative  assess- 
ment of  the  performance  of  three  such  methods.  The 
assessment  is  based  on  Monte  Carlo  simulations  from 
populations  with  four  distributions:  Gumbel,  Weibull, 
generalized  Pareto,  and  normal.  The  simulation  results 
showed  that  the  de  Haan  and  the  Conditional  Mean 
Exceedance  (CME)  methods  performed  consistently 
better  than  the  Pickands  method  (NIST  implementa- 
tion). For  the  distributions,  parameter  values,  and 
mean  recurrence  intervals  assumed  in  this  work,  the 
CME  method  outperformed  the  de  Haan  method  only 
when  the  percent  estimation  errors  were  about  one 
percent  or  smaller,  a  case  unlikely  to  be  encountered 
in  wind  engineering  practice. 
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The  Loma  Prieta,  California  earthquake  (LPE)  of  Octo- 
ber 17,  1989,  has  had  profound  influence  on  both  poli- 
cies and  practices  for  earthquake  hazards  reduction  in 
the  United  States.  The  paper  describes  lessons  in  pub- 
lic policy  as  well  as  those  in  earth,  engineering  and  soil 
sciences  and  practices  resulting  from  the  earthquake. 
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The  magnitude  6.8  January  1 7,  1 994  Northridge  Earth- 
quake was  centered  under  the  densely  populated  San 
Fernando  Valley  northeast  of  Los  Angeles,  California. 
At  the  request  of  the  Department  of  Housing  and  Urban 
Development  (HUD),  the  Building  and  Fire  Research 
Laboratory  (BFRL)  of  the  National  Institute  of  Stand- 
ards and  Technology  (NIST)  conducted  field  observa- 
tions of  multi-family  residences  three  stones  or  more 
in  height  in  the  affected  area  for  the  purposes  of  identi- 
fying common  damage  states  in  residential  construe- 
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tion.  Sixty-nine  HUD-affiliated  sites,  totalling  425  build- 
ings and  over  10,000  living  units,  were  visually  exam- 
ined from  the  exterior  and  interior.  By  collecting  infor- 
mation primarily  on  damaged  buildings,  it  was  possible 
to  identify  typical  types  and  degrees  of  damage  to  resi- 
dential buildings. 
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Test  results  of  four  hybrid  post-tensioned  concrete 
beam-to-column  connections  are  presented.  The  ob- 
jective of  the  test  program  is  to  develop  guidelines  for 
the  design  of  moment  resistant  precast  connections  in 
regions  of  high  seismicity.  The  hybrid  connections  con- 
sist of  mild  steel  used  as  energy  dissipators  and  post- 
tensioning  steel  used  to  provide  the  required  shear  re- 
sistance. Variables  examined  were  different  amounts 
and  type  of  mild  steel.  The  amount  of  post-tensioning 
steel  was  kept  constant.  The  specimens  were  sub- 
jected to  reversed  cyclic  loading  in  accordance  with  a 
prescribed  displacement  history.  The  performances  of 
the  connections  were  evaluated  based  on  compari- 
sons of  energy  dissipation  capacity,  connection 
strength,  and  drift  capacity  with  previous  NIST  tests. 
The  results  show  that  a  hybrid  precast  connection  can 
be  designed  so  that  it  matches  the  performance  of  a 
monolithic  connection  in  terms  of  energy  dissipation, 
strength,  and  drift  capacity. 
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A  review  is  presented  on  the  factors  affecting  the 
measured  compressive  strength  of  concrete  speci- 
mens, with  particular  emphasis  on  the  testing  of  high- 
strength  concrete.  A  full  factorial  experiment  was  de- 
signed to  examine  the  effects  of  cylinder  size,  end 
preparation,  stress  rate  and  type  of  testing  machine  on 
the  measured  compressive  strength.  Two  concrete 
mixtures  (45  MPa  and  90  MPa)  were  used  to  deter- 
mine whether  there  were  interactions  between  strength 
level  and  the  other  factors.  In  addition,  a  65-MPa  mix- 
ture was  required  to  allow  testing  four  combinations  of 
specimen  size  and  testing  machine.  The  cylinder  sizes 
were  100  x  200  mm  and  150  x  300  mm.  The  ends  of 
the  cylinders  were  either  capped  with  sulfur  mortar  or 
ground  flat.  The  stress  rate  was  either  0.14  MPa/s  or 
0.34  MPa/s,  which  are  limits  currently  specified  in 
ASTM  C  39  (AASHTO  T  22).  Besides  the  main  test 
series,  supplementary  tests  were  done  to  investigate 
the  effects  of  a  defective  spherically-seated  bearing 
block.  The  defective  bearing  block  had  a  concave  de- 
pression within  the  central  100  mm.  The  maximum 
value  of  the  depression  was  more  than  0.2  mm,  com- 
pared with  the  value  of  0.025  mm  currently  allowed  by 
ASTM  C  39  (AASHTO  T  22).  Comparative  tests  with 
68-MPa  concrete  showed  no  difference  in  mean 
strength  due  to  the  defective  bearing  block.  Analysis 
of  dispersion  showed  that  the  100-mm  cylinders  had 
higher  within-test  variability,  but  the  differences  were 
not  statistically  significant.  Recommendations  for 
modifications  to  testing  standards  and  future  research 
are  provided. 


00,446 

PB95-180469       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD.  Structures  Div. 

Gust  Factors  Applied  to  Hurricane  Winds. 

Final  rept. 

W.  R.  Krayer,  and  R.  D.  Marshall.  1992,  7p. 

Pub.  in  Bulletin  of  the  American  Meteorological  Society 

73,  n5  p61 3-61 7  May  92. 

Keywords:  "Wind  loads,  "Hurricanes,  "Structural  analy- 
sis, "Buildings,  "Gust  loads,  Structural  engineering, 
Stress  analysis,  Dynamic  response,  Wind  pressure, 
Statistical  analysis,  Wind  velocity,  Reprints,  "Gust  fac- 
tors. 

An  important  consideration  in  the  design  of  structures 
is  their  response  to  extreme  winds.  This  is  especially 
true  in  regions  affected  by  hurricanes.  In  this  research, 
gust  factors  derived  from  hurricane  wind-speed 
records  are  compared  with  those  derived  by  Durst  and 
others  from  open-scale  records  obtained  in  well-devel- 
oped, extratropical  storms.  Based  on  records  obtained 
from  four  hurricanes  and  11  different  recording  sta- 
tions, it  is  concluded  that  an  upward  adjustment  of  the 
Durst  gust  factors  for  the  estimation  of  hurricane  gust 
speeds  may  be  in  order.  Anomalously  high  gust  factors 
observed  for  hurricane  winds  in  inland  areas  suggest 
the  need  for  additional  study.  Also,  it  is  concluded  that 
a  reexamination  of  the  statistics  of  gust  factors  ob- 
tained from  extratropical  storm  data  would  be  useful 
in  clearly  identifying  the  appropriate  probability  dis- 
tribution function. 
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A  proposed  Executive  order  titled  'Seismic  Safety  of 
Existing  Federally  Owned  or  Leased  Buildings'  sets 
forth  an  initial  program  aimed  at  laying  the  foundation 
of  achieving  the  long-term  goal  of  seismic  safety  in  all 
Federal  buildings.  This  paper  identifies  direct  costs  as- 
sociated with  adoption  of  the  proposed  Executive 
Order  and  develops  an  estimate  of  those  costs.  It  does 
not  consider  the  value  of  the  benefits  associated  with 
adopting  the  proposed  order.  The  estimated  costs  rep- 
resent the  aggregate  impact  on  the  Federal  budget. 
Note  that  the  estimate  of  that  is  presented  in  this  paper 
does  not  include  the  costs  of  continuing  already-exist- 
ing seismic  rehabilitation  programs,  but  considers  only 
costs  that  would  be  newly  imposed  on  the  Federal 
budget. 
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This  report  presents  findings  and  recommendations 
developed  at  a  workshop  on  research  needs  in  wind 
engineering.  Representatives  from  universities,  the  pri- 
vate sector,  and  Federal  agencies  presented  program 
overviews  and  participated  in  working  group  sessions 
addressing  various  aspects  of  wind  engineering  re- 
search and  wind  disaster  mitigation.  Research  needs 
and  topics  for  technology  transfer  were  identified  and 
prioritized.  It  was  concluded  that  current  funding  of 
wind  engineering  research  in  the  United  States  falls  far 
short  of  what  is  needed  to  effectively  address  the  prob- 
lem of  spiraling  losses  due  to  wind  damage.  There  is, 
however,  considerable  wind  engineering  knowledge 


now  available  for  implementation  by  the  model  building 
codes  and  by  the  building  industry  in  general. 

00,449 

PB95-203428       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD.  Structures  Div. 

World  of  Building  Codes. 

Final  rept. 

D.  Todd.  1992,  3p. 

Pub.  in  Phonomenal  News  3,  n3  p1  -3  Apr  92. 

Keywords:  "Building  codes,  "Design  standards, 
"Earthquake  resistant  structures,  Earthquake  engi- 
neering, Structural  engineering,  Design  criteria,  Struc- 
tural design,  Reprints,  "Seismic  design. 

Improvements  to  the  seismic  provisions  of  the  legally 
enforceable  building  codes  implemented  by  states, 
counties,  and  localities  derive  from  improvements  to 
the  three  major  model  building  codes.  The  model 
codes  draw  from  national  standards  and  resource  doc- 
uments for  improvements.  The  NEHRP  Rec- 
ommended Provisions  and  the  SEAOC  Blue  Book  are 
the  two  major  resource  documents  for  seismic  design 
and  construction  in  this  country.  Both  documents  are 
periodically  updated  to  include  new  research  and  in- 
vestigation results. 
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Keywords:  "Site  characterization,  "Soil-structure  inter- 
actions, "Ground  motion,  "Seismic  waves,  Seismic  ve- 
locity, Seismic  effects,  Soil  dynamics,  Soil  mechanics, 
Shear  waves,  Shear  strain,  Shear  stress,  Seis- 
mographs, Accelerometers,  Seismological  station, 
Spectrum  analysis,  Subsurface  investigations,  Yerba 
Buena  Island,  California,  "San  Francisco  Airport, 
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The  Loma  Prieta  earthquake  occured  on  October  17, 
1989  at  5:04  pm  Pacific  daylight  time  along  a  45-km 
long  segment  of  the  San  Andreas  fault  in  the  Santa 
Cruz  Mountains.  The  earthquake  triggered  by  far  the 
largest  number  of  instruments  ever  triggered  by  an 
earthquake  and  recordings  were  obtained  at  well  over 
200  locations,  including  free-field  stations,  small  build- 
ings, high  rise  structures  and  dams.  The  records  ob- 
tained from  the  free-field  stations  are  summarized  in 
Appendix  A  of  this  report.  These  include  31  stations 
at  rock  sites,  nine  stations  at  soft  soil  sites  and  48  sta- 
tions at  other  soils  sites.  The  results  of  subsurface  in- 
vestigations at  Treasure  Island  site  and  at  the  San 
Francisco  Airport  site  were  used  in  the  study  to  cal- 
culate the  horizontal  components  of  site  reponse  at 
these  two  sites  and  to  assess  the  procedures  used  for 
conducting  such  response  calculations. 
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The  January  1994  Northridge  earthquake  caused  un- 
expected widespread  damage  to  steel  moment-resist- 
ing frame  (MRF)  buildings  throughout  greater  Los  An- 
gles. The  report  presents  results  of  a  survey  of  MRF's 
inspected  for  connection  damage  since  the  earth- 
quake. The  survey  is  intended  to  provide  an  overall 
view  of  the  greater  Los  Angeles  steel  frame  population, 
as  well  as  a  single-source  building-specific  record  of 
observed  conditions.  A  computerized  database  was 
developed  to  track  submittals,  compile  basic  survey 
data,  and  generate  summary  tables.  Principal  conclu- 
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sions  from  the  survey  data  support  the  observation  that 
MRF  connection  damage  is  not  well  correlated  to  any 
single  structural  characteristic.  On  the  contrary,  the 
survey  data  show  that  connection  performance  may  be 
best  understood  in  probabilistic,  not  deterministic, 
terms  with  emphasis  on  construction  and  inspection 
quality. 
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An  existing  computer  code,  IDARC,  is  enhanced  to 
permit  the  modeling  of  steel  moment-resisting  frames 
(SMRFs)  with  the  potential  for  weld  failures  at  beam- 
to-column  connections.  The  steel  member  model  is  de- 
rived from  flexibility  formulations  in  order  to  allow  com- 
plex degrading  hysteresis  behavior  to  be  incorporated. 
A  panel  zone  element  is  developed  to  account  for  in- 
elastic shear  deformations  in  the  beam-to-column  con- 
nection region.  Finally,  a  new  conceptual  hysteresis 
model  is  developed  to  represent  the  force-deformation 
characteristics  at  a  welded  connection,  before  and 
after  weld  failure.  The  results  of  the  study  indicate  that 
the  enhanced  program,  referred  to  as  IDASS,  is  capa- 
ble of  adequately  reproducing  observed  behavior  of 
SMRFs  and  can  be  used  as  an  effective  tool  to  inves- 
tigate the  effects  of  weld  failure  in  steel  structures 
under  earthquake  loading. 
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On  January  17,  1994,  a  magnitude  6.8  earthquake 
struck  Northridge,  California,  in  the  northeast  suburbs 
of  Los  Angeles.  This  report  summarizes  information 
collected  by  the  Interagency  Committee  on  Seismic 
Safety  in  Construction  (ICSSC)  on  the  performance  of 
federally-owned  buildings  in  the  Northridge  earth- 
quake. Ten  agencies  reported  that  they  owned  build- 
ings in  the  affected  area.  Collectively,  over  4000  feder- 
ally-owned buildings  were  shaken;  approximately  100 
were  damaged  by  the  quake.  Only  two  sites  suffered 
major  damage;  most  damage  was  minor. 
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A  study  of  the  sensitivity  of  the  behavior  of  lightly  rein- 
forced concrete  frames  strengthened  using  the  infill 
wall  method  to  certain  variables  was  conducted.  These 
variables  include  the  infill  wall  type  (cast-in-place  and 
precast),  wall  thickness,  and  the  amount  of  anchor 


area  and  anchor  type.  The  hysteretic  behavior  of  the 
frames  were  predicted  using  three  parameters  and 
equations  proposed  in  previous  NIST  work.  Both 
quasi-static  and  transient  dynamic  analyses  were  per- 
formed using  the  program  IDARC.  General  design 
guidelines  are  proposed  based  on  these  analyses  and 
on  observations  gathered  from  existing  experimental 
tests. 
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Chapter  1  is  an  introduction  that  includes  definitions, 
cladding  panel  configurations,  details  of  architectural 
precast  concrete  cladding  systems  in  the  U.S.A.,  New 
Zealand,  Japan,  and  Canada.  Chapter  2  describes  the 
current  practice  for  seismically  isolated  precast  con- 
crete cladding  panels  and  connections,  including  U.S. 
codes  and  their  interpretation  and  foreign  codes. 
Chapter  3  offers  information  on  the  structural  utilization 
of  precast  concrete  cladding  panels  and  connections, 
including  a  historical  overview,  levels  of  contribution  in 
seismic  response,  architectural  implications  for  struc- 
tural cladding,  conditions  for  effective  structural  clad- 
ding, and  issues  of  responsibility.  Chapter  4  contains 
abstracts  and  informational  highlights  from  research  on 
the  structural  utilization  of  precast  concrete  cladding 
panels  and  connections,  including  eleven  sets  of  re- 
search projects  from  the  U.S.A.,  one  project  from  Can- 
ada, and  one  project  from  Japan.  Chapter  5  outlines 
other  cladding  materials  for  heavy  panels,  including 
prefabricated  panel  systems,  GFRC  panels,  new  types 
of  reinforcement,  a  new  type  of  RC  sandwich  panels, 
and  steei  and  steel  alloy  panels. 
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A  full  factorial  experimental  design  was  used  to  inves- 
tigate the  effects  of  the  following  variables  on  cylinder 
strength:  end  preparation  (sulfur  capping  versus  grind- 
ing), cylinder  size  (1 00  versus  1 50  mm  diameter),  type 
of  testing  machine  (1.33-MN  capacity  versus  a  4.45- 
MN  capacity),  and  nominal  stress  rate  (0.14  versus 
0.34  Mpa/s).  Two  levels  of  strength  were  used  (45  and 
90  Mpa),  and  three  replicates  were  tested  for  each  run. 
Specific  gravities  were  measured  to  check  on  the  con- 
sistency of  cylinder  fabrication.  Statistical  analyses  in- 
dicated that  all  the  factors  had  significant  effects  on  the 
measured  compressive  strength.  There  were  signifi- 
cant interactions  among  the  factors,  so  that  the  effects 
were  greater  than  the  average  values  for  particular  fac- 
tor settings.  For  example,  the  effect  of  end  preparation 
depended  on  the  strength  level.  Recommendations  for 
modifications  to  testing  standards  are  provided. 
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Structural  response  characteristics  of  five  existing 
buildings  in  the  San  Francisco  bay  area,  obtained  from 
ambient  vibration  testing  conducted  after  the  Loma 
Prieta  earthquake  (LPE),  are  compared  with  the  re- 
sponse characteristics  observed  during  the  LPE.  The 
purpose  is  to  provide  an  assessment  of  the  applicabil- 
ity of  ambient  vibration  testing  as  a  means  to  obtain 
dynamic  properties  for  use  in  earthquake  design.  The 
comparisons  show  that,  for  all  five  buildings,  the  re- 
sponse frequencies  measured  from  ambient  vibration 
testing  are  higher  than  those  obtained  from  the  LPE, 
and  damping  estimates  computed  from  ambient  vibra- 
tion response  records  are  smaller  than  those  from  the 
LPE  response  records. 
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Recorded  hurricane  wind  speeds,  uncorrected  for  in- 
strument height,  averaging  time  or  local  wind  expo- 
sure, can  be  very  misleading.  This  is  particularly  true 
when  such  records  are  used  to  assess  the  perform- 
ance of  structures  exposed  to  extreme  winds.  Only 
when  proper  corrections  are  applied  can  the  true  dis- 
tribution of  surface  wind  speeds  in  a  hurricane  be 
ascertained.  Recent  improvements  to  adjustment  pro- 
cedures and  resulting  corrections  to  wind  speed 
records  from  some  notable  hurricanes  are  described. 
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In  this  guidance  document,  the  Interagency  Committee 
on  Seismic  Safety  in  Construction  (ICSSC)  rec- 
ommends appropriate  approaches  for  Federal  depart- 
ments and  agencies  to  use  in  implementing  the 
inventorying  and  cost  estimating  requirements  of  Exec- 
utive Order  12941.  The  ICSSC  recommends  that  all 
Federally-owned  buildings  be  included  in  an  electronic 
inventory  database  of  specified  format.  Buildings  are 
to  be  identified  as  either  exempt  or  non-exempt  from 
the  seismic  standards  adopted  by  the  order.  All  excep- 
tionally high  risk  buildings  are  to  be  seismically  evalu- 
ated, and  estimates  of  the  cost  of  their  rehabilitation 
developed.  Additionally,  agencies  are  to  perform  seis- 
mic evaluations  on  a  representative  sample  of  their 
non-high-risk,  non-exempt  buildings,  and  use  this  infor- 
mation to  estimated  the  vulnerability  of  that  population 
and  the  cost  of  achieving  adequate  seismic  safety. 
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Recommended  Performance-Based  Criteria  for  the 
Design  of  Manufactured  Home  Foundation  Sys- 
tems to  Resist  Wind  and  Seismic  Loads. 

R  D.  Marshall,  and  F.  Y.  Yokel.  Aug  95,  77p, 

NISTIR-5664. 
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"Prefabricated  buildings,  "Building  codes,  "Design  cri- 
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This  report  addresses  the  issue  of  tornado  wind 
speeds  as  a  basis  for  the  design  of  manufactured 
homes  and  compares  base  shears  due  to  earthquake 
excitation  with  base  shears  due  to  wind  loading  for  var- 
ious seismic  and  wind  zones.  In  view  of  the  accepted 
probabilities  of  attaining  or  exceeding  design  limit 
states  for  ordinary  buildings,  it  is  concluded  that  torna- 
does should  not  be  a  part  of  the  wind  load  design  cri- 
teria for  manufactured  homes.  Also,  it  is  concluded  that 
base  shears  due  to  wind  loading  will  always  govern  the 
design  of  anchor  and  tiedown  systems  in  the  direction 
normal  to  the  axis  for  a  manufactured  home,  regard- 
less of  seismic  zone.  There  are  several  alternative  sys- 
tems on  the  market  or  under  development  that  show 
considerable  promise  for  providing  the  required  resist- 
ance to  wind  and  earthquake  loads.  Finally,  a  set  of 
performance-based  criteria  for  anchoring  manufac- 
tured homes  against  wind  and  earthquake  loads  is  pro- 
posed. 
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This  document  supplements  'ICSSC  guidance  on  Im- 
plementing Executive  Order  12941  on  Seismic  Safety 
of  Existing  Fede  ally  Owned  or  Leased  Buildings' 
(RP5).  This  Handoook  offers  two  additional  levels  of 
guidance  beyound  that  presented  in  RP5:  (1)  detailed 
methodologies  for  fulfilling  the  RP5  recommendations 
for  inventorying  and  cost  estimating,  which  can  be  fol- 
lowed as  default  procedures  by  agencies  which  do  not 
have  agency-sperific  programs  in  place  and  which  do 
not  wish  to  develo)  agency-specific  programs,  and  (2) 
detailed  specifications  for  preparing  and  submitting  the 
cost  estimate  and  supporting  documentation  called  for 
in  the  Executive  Order.  While  the  first  type  of  guidance, 
presented  in  Sections  1  -4  of  this  Handbook,  is  optional, 
the  second  type,  presented  in  Section  5,  is  to  be  con- 
sidered mandatory  in  order  to  ensure  uniform  report- 
ing. 
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The  1994  edition  of  the  National  Earthquake  Hazard 
Reduction  Program  (NEHRP)  Recommended  Provi- 
sions for  the  Development  of  Seismic  Regulations  for 
New  Buildings  takes  a  step  toward  becoming  a 
microzonation-based  design  guideline  by  including 
soils  factors  in  its  design  control  factors  (triggers).  This 
paper  discusses  the  effect  of  the  changes  adopted  in 
the  1994  edition  of  the  NEHRP  Recommended  Provi- 
sions, and  examines  the  impact  of  full  conversion  to 
soils-factor-based  control  factors. 
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Keywords:  "Vibration  isolators,  "Earthquake  resistant 
structures,  "Building  codes,  "Test  methods,  "Meetings, 
Seismic  design,  Quality  control.  Earthquake  engineer- 
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The  Building  and  Fire  Research  Laboratory  (BFRL)  of 
the  National  Institute  of  Standards  and  Technology 
(NIST)  has  published  comprehensive  draft  guidelines 
for  testing  and  evaluating  seismic  isolation  systems. 
The  procedures  outlined  in  the  guidelines  encompass 
all  the  required  tests  of  the  isolation  systems,  from  the 
early  stages  of  development  to  final  production  tests. 
The  principal  mechanism  for  soliciting  feedback  on  the 
draft  guidelines  was  a  workshop  held  on  July  25,  1 994 
in  San  Francisco.  The  purpose  of  the  workshop  was 
to  provide  a  forum  for  review  and  discussion  of  the 
draft  guidelines.  This  report  is  a  summary  of  the  work- 
shop discussions.  Topics  which  received  the  most  at- 
tention in  the  discussions  were  scale  model  testing, 
performance  criteria,  quality  control  testing,  factors  of 
safety,  aging  of  isolation  systems,  and  the  sustained 
compression  test  for  elastomeric  systems.  Rec- 
ommendations were  made  regarding  third  party  in- 
spection of  the  test  procedure,  a  test  to  evaluate  the 
re-centering  capability  of  the  isolation  system,  a  direct 
shear  test  for  elastomeric  systems,  and  fire  rating. 
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We  propose  the  development  of  computer-based  mod- 
els of  standards,  and  of  knowledge-based  and  proce- 
dural systems  to  be  incorporated  in  or  used  in  conjunc- 
tion with  such  models.  Pilot  projects  should  dem- 
onstrate the  significant  potential  for  inprovement  in  de- 
sign and  construction  productivity  inherent  in  such  a 
new  generation  of  standards.  Wind  loading  examples 
are  used  for  illustration. 
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Work  by  the  Interagency  Committee  on  Seismic  Safety 
in  Construction  (ICSSC)  is  expected  to  lead  to  the 
eventual  development  of  a  systematic  program  of  seis- 
mic upgrading  for  Federally  owned  buildings.  Steps 
that  have  been  taken  to  date  include  (1)  the  develop- 
ment of  seismic  evaluation  and  rehabilitation  stand- 
ards, (2)  the  drafting  of  an  Executive  Order  which 
adopts  the  technical  standards  and  calls  for  a  seismic 
inventory  and  cost  estimate,  and  (3)  the  issuance  of 
guidance  on  how  to  efficiently  and  consistently  inven- 
tory Federally  owned  buildings  and  how  to  estimate  the 
costs  of  mitigating  unacceptable  seismic  risks. 
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An  analytical  method  for  evaluating  the  inelastic  dy- 
namic structural  response  of  lightly  reinforced  concrete 
(RC)  frames  strengthened  by  infilled  shear  walls  was 
developed.  This  method  involved  the  development  of 
hysteresis  failure  models  for  existing  and  strengthened 
RC  frames  and  the  incorporation  of  the  models  into  the 
computer  program  IDARC  for  analysis.  The  hysteresis 
models  were  developed  in  terms  of  the  stiffness  deg- 
radation parameter,  the  strength  degradation  param- 
eter, and  the  pinching  parameter.  The  results  of  the 
analyses  showed  that  (1)  hysteresis  models  developed 
using  one-story,  one-bay  frames  can  be  incorporated 
into  IDARC  for  the  analysis  of  frames  with  more  than 
one-story  height,  and  (2)  reasonable  predictions  of 
structural  behavior,  both  in  terms  of  ultimate  load  ca- 
pacity and  in  absorbed  energy  on  a  per  cycle  basis, 
can  be  determined  using  the  hysteresis  models. 
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This  paper  summarizes  dynamic  characteristics  of  five 
buildings  within  the  San  Francisco  Bay  area.  The  dy- 
namic characteristics  are  extracted  from  the  October 
17,  1989  Loma  Prieta  earthquake  response  records 
and  from  ambient  tests  conducted  in  November  1990. 
Dynamic  characteristics  determined  for  two  of  the  five 
buildings  prior  to  the  Loma  Prieta  earthquake  are  also 
included  for  comparison.  The  preliminary  results  show, 
in  some  cases,  that  low-level  test  are  useful  and,  in 
other  cases,  they  show  considerable  differences  with 
those  determined  from  strong-motion  response 
records. 
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Extreme  Winds  Estimation  by  'Peaks  Over  Thresh- 
old' and  Epochal  Methods. 
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sure, Wind  profiles,  Data  analysis,  Statistical  analysis, 
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With  a  view  to  applying  the  'peaks  over  threshold' 
method  to  the  estimation  of  extreme  wind  speed  data, 
we  perform  Monte  Carlo  simulations  for  which  the  pa- 
rameters of  the  population  distributions  were  estimated 
from  sets  of  actual  extreme  wind  speed  data.  We  sum- 
marize results  concerning  (1)  the  relative  efficiency  of 
several  estimation  procedures  used  in  such  methods, 

(2)  the  optimal  threshold  for  any  given  set  of  data,  and 

(3)  estimates  based  on  the  'peaks  over  threshold' 
method  as  compared  to  estimates  based  on  the  ep- 
ochal approach. 

00,469 

PB96-1 59694       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD.  Structures  Div. 

Modeling  of  Extreme  Loading  by  'Peaks  Over 

Threshold'  Methods. 

Final  rept. 

J.  L.  Gross,  N.  A.  Heckert,  J.  A.  Lechner,  and  E. 

Simiu.  1993,  8p. 

See  also  PB96-1 59686. 

Pub.  in  Dynamic  Response  and  Progressive  Failure  of 
Special  Structures,  Charlottesville,  VA.,  June  6-9, 
1993,  p135-147. 

Keywords:  'Wind  loads,  'Extreme-value  problems. 
'Statistical  analysis,  Wind  effects,  Wind  velocity,  Wind 
profiles,  Wind  pressure,  Gumbel  distribution,  Weibull 
distribution,  Estimation,  Monte  Carlo  method,  Mathe- 
matical models,  Reprints,  Peaks  over  threshold  meth- 
ods, Extreme  winds,  Load  factors. 

In  this  work,  we  seek  to  apply  the  'peaks  over  thresh- 
old' theory  to  the  estimation  of  extreme  wind  speeds. 
The  studies  presented  are  based  on  Monte  Carlo  sim- 
ulations for  which  the  parameters  of  the  population  dis- 
tributions were  estimated  from  sets  of  actual  extreme 
wind  speed  data.  Results  are  presented  concerning  (1) 
the  relative  efficiency  of  several  estimation  procedures 
used  in  such  methods,  (2)  the  optimal  threshold  for  any 
given  set  of  data,  and  (3)  estimates  based  on  the 
'peaks  over  threshold'  method  as  compared  to  esti- 
mates based  on  the  epochal  approach  using  largest 
yearly  wind  speeds. 
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The  purpose  of  this  workgroup  was  to  demonstrate, 
clarify,  and  discuss  the  current  capabilities  and  limita- 
tions of  contemporary  plastic  hinge-based  methods  for 
advanced  analysis  and  design  of  steel  frames.  The  ap- 
proach taken  was  to  discuss  and  comment  on  whether 
capabilities  of  current  methods  are  essential  to  ad- 
vanced analysis,  beneficial  (and  under  what  cir- 
cumstances), or  whether  there  is  insufficient  informa- 
tion for  immediate  application  of  the  capability.  Some 
capabilities  were  assumed  to  be  beyond  the  present 
scope  and  were  not  addressed. 
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We  report  results  that  lend  support  to  the  hypothesis 
that  extreme  hurricane  wind  speeds  are  described  pre- 
dominantly by  reverse  Weibull  distributions,  which 
have  limited  upper  tails.  The  results  are  based  on  the 
analysis  of  hurricane  wind  speed  data  obtained  in  an 
earlier  project  and  used  for  the  development  of  the 
ASCE  7-83  and  ASCE  7-93  Standard  wind  speed  map. 
According  to  our  results,  wind  load  factors  should  be 
larger  in  hurricane-prone  regions  than  the  load  factor 
specified  in  current  standard  provisions.  However,  the 
requisite  increases  are  smaller  than  would  be  the  case 
in  the  distributions  were  assumed  to  have  infinite  upper 
tails,  as  has  been  done  so  far  in  all  principal  studies 
of  hurricane  winds  in  the  United  States. 
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This  study  presents  a  modification  to  two  linear  optimal 
control  algorithms,  namely  classical  and  instanta- 
neous, to  achieve  a  greater  reduction  in  structural  dis- 
placements and  control  forces.  The  modification  con- 
sists of  building  a  library  of  gain  matrices  and  selecting 
the  gain  matrix  that  would  result  in  the  maximum  con- 
trol force  without  exceeding  the  control  system  capac- 
ity. The  modification  was  used  to  compute  the  re- 
sponse of  several  single-degree-of-freedom  (MDOF) 
system,  and  a  base  isolated  structure.  The  study 
shows  that  the  external  excitation  influences  the  selec- 
tion of  the  control  system  parameters  such  as  control- 
ler capacity  and  gain  matrices.  These  parameters, 
therefore,  should  be  determined  according  to  the  seis- 
mic excitation  intensity  expected  at  the  site. 
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The  optimum  parameters  of  tuned  mass  dampers 
(TMD)  that  result  in  considerable  reduction  in  the  re- 
sponse of  structures  to  seismic  loading  are  presented. 
The  criterion  used  to  obtain  the  optimum  parameters 
is  to  select,  for  given  mass  ratio,  the  frequency  (tuning) 
and  damping  ratios  that  would  result  in  equal  and  larg- 
er modal  damping  in  the  first  two  modes  of  vibration. 
The  parameters  are  used  to  compute  the  response  of 
several  single  and  multi-degree-of-freedom  structures 
with  TMDs  to  different  earthquake  excitations.  The  re- 
sults indicate  that  the  use  of  the  proposed  parameters 


reduces  the  displacement  and  acceleration  responses 
significantly.  It  is  shown  that  as  a  result  of  selecting 
the  parameters  as  proposed  in  this  paper,  significant 
reduction  in  the  response  of  tall  buildings  can  be 
achieved. 
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The  'peaks  over  threshold'  method  is  used  to  estimate 
ratios  of  wind-induced  loads  with  various  long  mean 
recurrence  intervals  to  loads  with  a  50-year  mean  re- 
currence interval.  The  results  support  the  conclusion 
that  the  load  factor  value  of  1.3  specified  in  the  ASCE 
Standards  7-93  and  7-95  is  adequate  for  extratropical 
storm  regions.  However,  for  hurricane-prone  regions, 
the  results  imply  that  the  standard  value  of  the  load 
factor  (even  after  being  augmented  by  an  importance 
factor  specified  in  the  standards)  leads  to  nominal  ulti- 
mate wind  loads  with  considerably  shorter  mean  recur- 
rence intervals  than  is  the  case  for  extratropical  re- 
gions. This  suggests  that  the  1.3  load  factor  value 
specified  in  the  ASCE  Standards  7-93  and  7-95  is  inad- 
equate for  wind-sensitive  structures  in  hurricane-prone 
regions. 
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ings, Public  utilities,  Gas  utilities,  Pipelines,  Subways, 
Transportation  sector,  Harbors,  Electric  power,  Sewer 
systems,  Water  treatment  plants.  Sewage  treatment 
plants,  Steel  structures,  Reinforced  concrete,  Fires, 
Liquefaction,  'Hyogoken-Nanbu  Earthquake, 
Kobe(Japan),  Communication  links,  Lifelines,  Wood 
structures. 

The  National  Institute  of  Standards  and  Technology's 
Building  and  Fire  Research  Laboratory  (BFRL)  dis- 
patched an  advance  team  of  three  BFRL  members,  fol- 
lowed by  a  larger  team  of  1 8  members  made  up  of  indi- 
viduals from  a  number  of  federal  agencies  and  others 
affiliated  with  national  earthquake  engineering  re- 
search centers.  The  teams  were  to  observe,  docu- 
ment, and  summarize  important  lessons  from  this 
earthquake. 

00,476 

PB97--104376       PC  A99/MF  A06 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD. 

Wind  and  Seismic  Effects:  Proceedings  of  the 
Joint  Meeting  of  the  U.S. -Japan  Cooperative  Pro- 
gram in  Natural  Resources  Panel  on  Wind  and 
Seismic  Effects  (28th).  Held  in  Gaithersburg,  Mary- 
land on  May  14-17, 1996. 
Special  pub. 

N.  J.  Raufaste.  Aug  96.  648p.  NIST/SP-904. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 

03424-0.  See  also  PB95-147385. 

Keywords:  'Seismic  effects,  'Wind  effects,  'Structural 
engineering,  'Dynamic  structural  analysis,  'Meetings, 
Earthquake  engineering,  Geotechnical  engineering, 
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Design  standards,  Design  criteria,  Research  pro- 
grams, Dynamic  loads,  Structural  vibration,  Wind  pres- 
sure, Wind  loads,  Earthquakes,  Tsunamis,  Storm 
surges,  Risk  assessment,  Foundations(Structures), 
Highway  engineering,  Bridges,  Dams,  Repairing,  Ret- 
rofitting, Earthquake  resistant  structures,  Wind  engi- 
neering, Lifelines. 

This  publication  is  the  Proceedings  of  the  28th  Joint 
Meeting  of  the  U.S. -Japan  Panel  on  Wind  and  Seismic 
Effects.  The  Proceedings  include  the  program,  list  of 
members,  panel  resolutions,  task  committee  reports, 
and  the  46  technical  papers  written  for  this  joint  meet- 
ing. The  papers  were  presented  within  five  themes:  (1) 
Storm  Surge  and  Tsunamis,  (2)  Earthquake  Engineer- 
ing, (3)  Joint  Cooperative  Research  Program,  (4)  Wind 
Engineering,  and  (5)  Summaries  of  Task  Committee 
Workshop  Reports  (oral  presentations  only). 


00,477 

PB97-1 13245       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Structures  Div. 
Dynamics  of  Multi-DOF  Stochastic  Nonlinear  Sys- 
tems. 
Final  rept. 

T.  M.  Whalen.  1996,  4p. 

Pub.  in  Proceedings  of  the  Specialty  Conference  on 
Probabilistic  Mechanics  and  Structural  Reliability, 
Worchester,  MA.,  August  7-9, 1996,  p82-85. 

Keywords:  "Column  buckling,  "Multidimensional  sys- 
tems, Building  technology,  Chaos,  Feedback  control, 
Gaussian  noise,  Reprints,  "Melnikov's  method. 

Melnikov's  method  for  finding  necessary  conditions  for 
homoclinic  chaos  is  extended  to  stochastically  forced 
multi  degree  of  freedom  nonlinear  systems.  The 
stochastic  forcing  induces  a  stochastic  Melnikov  proc- 
ess, from  which  information  can  be  obtained  on  prob- 
abilities of  escape  and  mean  exit  rates  from  regions 
of  phase  space  as  well  as  parameter  bounds  for  non- 
chaotic  motion.  Applications  are  presented  to  the 
dyhnamics  of  a  feedback  controlled  buckled  column. 
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PB94-173002       Not  available  NTIS 
National    Inst,    of    Standards    and  Technology, 
Gaithersburg,  MD.  Program  Office. 
Functions  of  Technology  Infrastructure  in  a  Com- 
petitive Economy. 
Final  rept. 

G.  Tassey.  1991,  17p. 

Pub.  in  Research  Policy  20,  p345-361  1 991 . 

Keywords:  "Economic  models,  "Technology  innova- 
tion, Economic  growth,  Economy,  Competition,  Re- 
search and  development,  Laboratories,  Government 
policies,  Standards,  US  NIST,  Reprints, 
"Infrastructure. 

Governments  of  industrialized  nations  play  varied  but 
important  roles  in  providing  the  diverse  technology  in- 
frastructure that  supports  a  modern,  competitive  econ- 
omy. The  required  technology  infrastructure  policy 
model  is  derived  from  a  microeconomic  model  of  the 
typical  technology-based  industry.  Existing  national 
strategies  have  demonstrated  the  importance  of  effi- 
ciency at  the  production  and  market  development 
stages  as  well  as  at  the  R&D  stage,  but  the  trend  is 
towards  promoting  simultaneous  efficiency  at  all  these 
stages.  That  is,  the  model  and  the  derived  infrastruc- 
ture functions  must  cover  all  stages  and  interfaces  in 
the  technology  and  related  product  life  cycles. 

00,479 

PB94-210150       PC  A04/MF  A01 

National  Inst,  of  Standards  and  Technology  (TS), 

Gaithersburg,  MD.  Office  of  Standards  Services. 


Survey  on  the  Implementation  of  ISO/IEC  Guide  25 
by  National  Laboratory  Accreditation  Programs. 

Final  rept. 

M.  Breitenberg.  Jul  94,  51  p,  NISTIR-5473. 

Keywords:  International  organizations,  Laboratories, 
Test  methods,  Calibration,  Standards,  Meetings,  Sur- 
veys, "ISO/IEC  guide  25,  "Laboratory  accreditation, 
"Accreditation,  NVLAP  Program. 

The  International  Organization  for  Standardization/ 
International  Electrotechnical  Commission  (ISO/IEC) 
Guide  25,  'General  requirements  for  the  competence 
of  calibration  and  testing  laboratories,'  has  been  used 
by  many  laboratory  accreditation  programs  worldwide 
to  establish  accreditation  requirements  designed  to 
promote  confidence  in  the  calibrations  and  testing  re- 
sults of  laboratories  which  conform  to  the  guide's  re- 
quirements. National  delegations  to  the  International 
Laboratory  Accreditation  Conference  (ILAC),  an  inter- 
national conference  of  national  organizations  inter- 
ested in  laboratory  accreditation,  were  surveyed  to  col- 
lect information  on  the  implementation  and 
supplementation  of  the  requirements  of  ISO/IEC  Guide 
25  within  the  context  of  their  countries'  laboratory  ac- 
creditation programs.  This  report  summarizes  the  re- 
sults of  that  survey.  The  report  also  includes  a  biblio- 
graphic list  of  publications  concerned  with  ISO/IEC 
Guide  25  implementation  compiled  from  the  informa- 
tion submitted  by  the  national  delegations. 


00,480 

PB94-219102       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (NCSL), 

Gaithersburg,  MD.  Systems  and  Network  Architecture 

Div. 

Analyzing  Electronic  Commerce. 

Special  pub. 

L.  Gebase,  and  S.  Trus.  Jun  94,  43p,  NIST/SP-500/ 
218. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03270-1. 

Keywords:  "Commerce,  "Telecommunication,  "Data 
management,  Electronic  mail,  Data  processing  secu- 
rity, Models,  Computer  networks,  Man  machine  sys- 
tems, Data  base  management  systems,  Distributed 
computer  systems,  "Electronic  commerce, 
EDI(Electronic  Data  Interchange). 

This  report  begins,  after  citing  some  important  techno- 
logical advances,  by  defining  electronic  commerce  and 
identifying  the  scope  of  issues  to  be  addressed  within 
this  paper.  It  then  proceeds  to  examine  some  ways  in 
which  electronic  commerce  is  presently  being  con- 
ducted, most  notably  with  Electronic  Data  Interchange 
(EDI).  An  architectural  model  for  supporting  services 
necessary  to  conduct  electronic  commerce  is  then  de- 
fined. The  chapters  that  follow  provide  further  detail  on 
the  model's  components.  The  final  chapter  draws 
some  conclusions  about  the  benefits  of  deploying  elec- 
tronic commerce. 


00,481 

PB96-1 89444       PC  A07/MF  A02 
National  Research  Council,  Washington,  DC.  Commis- 
sion on  Engineering  and  Technical  Systems. 
Financing  Tomorrow's  Infrastructure:  Challenges 
and  Issues.  Proceedings  of  a  Colloquium.  Held  in 
Washington,  DC.  on  October  20, 1 995. 
C1996,  115p,  ISBN-0-309-05543-1. 
Grant  NSF-CMS-9505733 

Library  of  Congress  catalog  card  no.  96-69107.  Spon- 
sored by  Economic  Development  Administration, 
Washington,  DC,  National  Science  Foundation,  Ar- 
lington, VA.  and  National  Inst,  of  Standards  and  Tech- 
nology, Gaithersburg,  MD. 

Keywords:  "Meetings,  "Finance,  Financing,  Invest- 
ments, Economic  development,  United  States, 
"Infrastructure. 

The  colloquium  was  an  attempt  to  explore  these  issues 
in  a  social,  political,  and  fincancial  context,  to  examine 
models  for  successfully  financing  infrastructure 
projects,  and  to  discuss  new  and  innovative  ways  of 
dealing  with  contemporary  realities. 
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National  Inst,  of  Standards  and  Technology  (TS), 
Gaithersburg,  MD.  National  Voluntary  Lab.  Accredita- 
tion Program. 

National  Voluntary  Laboratory  Accreditation  Pro- 
gram 1994  Directory. 

Special  pub. 

V.  R.  White.  Mar  94,  161p,  NIST/SP-810-ED-1994. 
Supersedes  PB93-1 56644.  Also  available  from  Supt. 
of  Docs,  as  SN003-003-03259-0. 

Keywords:  "Laboratories,  "Directories,  Acoustic  meas- 
urement, Computer  applications,  Construction  mate- 
rials, Electromagnetic  compatibility,  Thermal  insula- 
tion, Lighting  equipment,  Seals(Stoppers),  Asbestos, 
Carpets,  Dosimetry,  Paints,  Paper,  Plastics,  Plumbing, 
Sealers,  Telecommunication,  States(United  States), 
Tests,  "National  Voluntary  Laboratory  Accreditation 
Program,  NVLAP  program,  Product  testing. 

The  Directory  is  published  annually  and  provides  a  list- 
ing of  laboratories  accredited  by  the  National  Institute 
of  Standards  and  Technology,  National  Voluntary  Lab- 
oratory Accreditation  Program  (NVLAP).  Approxi- 
mately 700  laboratories  in  20  fields  of  accreditation  are 
included  in  the  1994  edition.  The  Directory  lists  the 
name,  address,  contact  person,  phone  number,  ac- 
creditation renewal  data  and  scope  of  accreditation  for 
each  accredited  laboratory.  A  brief  description  of  the 
NVLAP  program,  a  summary  of  laboratory  participa- 
tion, and  user  instructions  are  provided.  The  Directory 
consists  of  four  indexes  which  are  cross-referenced  by 
NVLAP  Lab  Code:  Index  A,  Listing  by  Laboratory 
Name;  Index  B,  Listing  by  Field  of  Accreditation;  Index 
C,  Listing  by  State/Country;  and  Index  D,  Listing  by 
NVLAP  Lab  Code.  A  listing  of  the  test  methods  (Scope 
of  Accreditation)  is  provided  for  each  laboratory  in 
Index  D. 


00,483 

PB95-174454       PC  A08/MF  A02 
National  Inst,  of  Standards  and  Technology  (TS), 
Gaithersburg,  MD.  National  Voluntary  Lab.  Accredita- 
tion Program. 

National  Voluntary  Laboratory  Accreditation  Pro- 
gram 1995  Directory. 

Special  pub. 

V.  R.  White,  and  C.  L.  Monti.  Jan  95,  165p,  NIST/SP- 
810-ED-1995. 

Supersedes  PB94-1 78969.  Also  available  from  Supt. 
of  Docs,  as  SN003-003-03315-4. 

Keywords:  "Laboratories,  "Directories,  Asbestos,  Cali- 
brating, Computer  applications,  Dosimetry,  Electro- 
magnetic compatibility,  Standards,  Tests, 
States(United  States),  "National  Voluntary  Accredita- 
tion Program,  "National  Institute  of  Standards  and 
Technology,  NVLAP  Program,  Product  testing. 

The  Directory  is  published  annually  and  provides  a  list- 
ing of  laboratories  accredited  by  the  National  Institute 
of  Standards  and  Technology,  National  Voluntary  Lab- 
oratory Accreditation  Program  (NVLAP).  Over  700  lab- 
oratories in  17  fields  of  accreditation  are  included  in 
the  1995  edition.  The  Directory  lists  the  name,  ad- 
dress, contact  person,  phone  number,  accreditation  re- 
newal date  and  scope  of  accreditation  for  each  accred- 
ited laboratory.  A  brief  description  of  the  NVLAP  pro- 
gram, a  summary  of  laboratory  participation,  and  user 
instructions  are  provided.  The  Directory  consists  of 
four  indexes  which  are  cross-referenced  by  NVLAP 
Lab  Code:  Index  A,  Listing  by  Laboratory  Name;  Index 
B,  Listing  by  Field  of  Accreditation;  Index  C,  Listing  by 
State/Country;  and  Index  C,  Listing  by  State/County; 
and  Index  D,  Listing  by  NVLAP  Lab  Code.  A  listing  of 
the  test  methods  (Scope  of  Accreditation)  is  provided 
for  each  laboratory  in  Index  D. 


00,484 

PB95-182226       PC  A04/MF  A01 
National  Inst,  of  Standards  and  Technology  (TS), 
Gaithersburg,  MD.  Weights  and  Measures  Program. 
Checking  the  Net  Contents  of  Packaged  Goods  as 
Adopted  by  the  79th  National  Conference  on 
Weights  and  Measures,  1994,  Third  Edition,  Sup- 

Rlement  4. 
andbook. 

C.  S.  Brickenkamp,  K.  Butcher,  and  T.  Coleman.  Oct 
94,  64p,  NIST/HB-133-ED-3-SUP-4,  ISBN-0-16- 
045384-4. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03299-9.  See  also  PB93-1 24956. 

Keywords:  "Packaging,  "Commodities,  "Labels,  Hand- 
books, Revisions,  Requirements,  Sampling,  Tests, 
Procedures,  Changes,  US  NIST,  Handbook  133. 

Only  minor  additions  and  revisions  to  the  National  Insti- 
tute of  Standards  and  Technology  (NIST)  Handbook 
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133,  Third  Edition,  'Checking  the  Net  Contents  of 
Packaged  Goods,'  were  adopted  by  the  79th  National 
Conference  on  Weights  and  Measures  in  1994.  A  few 
editorial  changes  have  also  been  made.  This  docu- 
ment consists  of  change  pages  to  be  added  to  Hand- 
book 1 33,  Third  Edition,  as  amended  by  the  1 993  Sup- 
plement. 


00,485 

PB96-162714       PC  A10/MF  A03 
National  Inst,  of  Standards  and  Technology  (TS), 
Gaithersburg,  MD.  National  Voluntary  Lab.  Accredita- 
tion Program. 

National  Voluntary  Laboratory  Accreditation  Pro- 
gram 1996  Directory. 

Special  pub. 

V.  R.  White.  Jan  96,  193p.  NIST/SP-810-ED-1996. 
Supersedes  PB95-1 74454.  Also  available  from  Supt. 
of  Docs,  as  SN003-003-03388-0. 

Keywords:  'Laboratories,  'Directories,  Asbestos,  Cali- 
brating, Computer  applications,  Dosimetry,  Electro- 
magnetic compatibility.  Standards,  Tests,  United 
States,  Acoustic  measurement,  "National  Voluntary 
Laboratory  Accredition  Program(NVLAP), 
*NVLAP(National  Voluntary  Laboratory  Accredition 
Program),  'National  Institute  of  Standards  and  Tech- 
nology Product  Testing. 

The  Directory  is  published  annually  and  provides  a  list- 
ing of  laboratories  accredited  by  the  National  Institute 
of  Standards  and  Technology,  National  Voluntary  Lab- 
oratory Accreditation  Program  (NVLAP).  Approxi- 
mately 700  laboratories  in  19  fields  of  accreditation  are 
included  in  the  1996  edition.  The  Directory  lists  the 
name,  address,  contact  person,  phone  and  fax  num- 
bers, accreditation  renewal  date,  and  scope  of  accredi- 
tation of  each  accredited  laboratory.  The  Directory  con- 
tains a  description  of  the  NVLAP  program,  a  summary 
of  laboratory  participation,  and  user  instructions,  fol- 
lowed by  five  laboratory  indexes  which  are  cross-ref- 
erenced by  NVLAP  Lab  Code:  Index  A.  Listing  by  Lab- 
oratory Name;  Index  B,  Listing  by  Field  of  Accredita- 
tion; Index  C,  Listing  by  State/  Country;  Index  D.  Listing 
of  Testing  Laboratories  by  NVLAP  Lab  Code;  Index  E, 
Listing  of  Calibration  Laboratories  by  NVLAP  Lab 
Code.  The  Scopes  of  Accreditation  are  provided  for 
testing  and  calibration  laboratories  in  Indexes  D  and 
E,  respectively.  Current  accreditation  statuses  of  par- 
ticipating laboratories  may  be  verified  by  calling  or  writ- 
ing NVLAP. 
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PB97-1 10183       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (TS), 

Gaithersburg,  MD. 

Evaluation  and  Accreditation  of  State  Calibration 
Laboratories. 

Final  rept. 

G.  L.  Harris.  1993,  16p. 

Pub.  in  National  Conference  of  Standards  Laboratories 
Managing  Quality  to  Improve  Profitability  Workshop 
and  Symposium,  Albuquerque,  NM.,  July  25-29  1993, 
P395-410. 

Keywords:  'Calibration,  'Laboratory  accreditation. 
Measurement  control,  Metrology  training, 
Interlaboratory  testing,  Accreditation,  Assessments, 
Reprints. 

The  primary  function  of  any  accreditation  process 
should  be  the  evaluation  of  laboratory  competency. 
Can  the  laboratory  do  what  it  claims.  However,  the  as- 
sessment process  should  also  evaluate  the  degree  of 
proficiency  (skill)  that  the  laboratory  demonstrates.  As- 
sessment of  laboratory  facilities  is  usually 
straighforward  when  using  documented  criteia  and 
checklists.  Since  accuracy  of  measurements  is  an  im- 
portant attribute  of  any  laboratory,  how  do  we  evaluate 
measurement  accuracy.  We  often  use  the  phrase, 
'traceable  to  NIST  standards'  to  convey  accuracy  rel- 
ative to  national  standards,  but  how  do  we  verify  meas- 
urement traceability. 
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PB94-168390       PC  A19/MF  A04 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD.  Advanced  Systems  Div. 


Design  and  Development  of  an  Information  Re- 
trieval System  for  the  EAMATE  Data.  Volume  2  of 
2.  Appendices. 

N.  Willman,  and  L.  L.  Downey.  Apr  94,  448p, 
NISTIR-5394. 

Sponsored  by  Social  Security  Administration,  Balti- 
more, MD. 

Keywords:  'Information  retrieval,  'Wages,  "Optical 
disks,  Records  management,  Automation,  Systems 
engineering,  Man  machine  systems,  Prototypes,  Com- 
puter programs,  'EAMATE  system. 

The  Social  Security  Administration  maintains  records 
of  wages  earned  by  every  person  who  has  a  social  se- 
curity number.  Currently,  all  reports  are  converted  to 
and  maintained  on  microfilm.  When  a  person's  wage 
record  must  be  verified,  the  process  is  cumbersome 
as  the  film  is  difficult  to  read  and  employees  are  listed 
in  no  particular  order.  The  EAMATE  system  automates 
this  manual  process  through  the  use  of  cost  effective 
optical  disk  technology.  The  volume  contains  the  ap- 
pendices to  the  report  on  the  information  retrieval  sys- 
tem for  EAMATE.  It  includes  user  instructions,  installa- 
tion and  configuration,  system  error  messages,  listing 
of  the  code,  scout  comments  from  EAMATE  testing, 
and  preliminary  employer  report  statistics. 

00,488 

PB95-111514       PC  A05/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

NIST  Industrial  Impacts:  A  Sampling  of  Successful 
Partnerships. 

Special  pub. 

Sep  94,  77p,  NIST/SP-872. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03293-0. 

Keywords:  "Industries,  "Technical  assistance. 
"Government/industry  relations,  Organizational  struc- 
ture, Technology  innovation,  Manufacturing,  Labora- 
tories, Corporations,  Businesses,  "US  NIST,  Malcolm 
Baldrige  National  Quality  Awards. 

The  National  Institute  of  Standards  and  Technology 
(NIST)  has  a  mission  to  work  in  partnership  with  indus- 
try toward  the  shared  goal  of  strengthening  the  nation's 
technological  and  economic  bases.  This  booklet  briefly 
chronicles  recent  cases  in  which  U.S.  companies  and 
NIST  have  crossed  paths  to  their  mutual  benefit.  It  in- 
cludes: Organizational  Contacts,  Advanced  Tech- 
nology Program  Impacts,  Manufacturing  Extension 
Partnership  Impacts,  Laboratory  Impacts,  Malcolm 
Baldrige  National  Quality  Award  Impacts,  Index  of 
Companies,  and  Index  of  Applications. 
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PB95-209193       PC  A05/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

NIST  Industrial  Impacts:  A  Sampling  of  Successful 
Partnerships  (Revision,  March  1995). 

Special  pub. 

Mar  95,  89p,  NIST/SP-872-REV-1-95. 
See  also  PB95-1 11514. 

Keywords:  "Industries,  "Technical  assistance, 
"Government/industry  relations,  Organizational  struc- 
ture, Technology  innovation,  Manufacturing,  Labora- 
tories, Corporations,  Businesses,  "US  NIST,  Malcolm 
Baldridge  National  Quality  Awards. 

The  National  Institute  of  Standards  and  Technology 
(NIST)  has  a  mission  to  work  in  partnership  with  indus- 
try toward  the  shared  goal  of  strengthening  the  nation's 
technological  and  economic  bases.  It  includes:  Organi- 
zational Contacts;  Advanced  Technology  Program  Im- 
pacts; Manufacturing  Extension  Partnership  Impacts; 
Laboratory  Impacts;  Baldrige  National  Quality  Program 
Impacts;  Index  of  Companies. 
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PB95-219325       PC  A08/MF  A02 
New  Jersey  Inst,  of  Tech.,  Newark.  Center  for  Manu- 
facturing Systems. 

Network  Brokers  Handbook:  An  Entrepreneurial 
Guide  to  Cooperative  Strategies  for  Manufacturing 
Competitiveness. 

C.  R.  Hatch.  Jan  95,  164p,  NIST/GCR-94/663. 
Grant  NIST-70NANBIH1 146 

Sponsored  by  National  Inst,  of  Standards  and  Tech- 
nology, Gaithersburg,  MD.  Manufacturing  Extension 
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Dramatic  changes  are  occurring  in  the  international 
markets  that  form  the  background  for  U.S.  standards 
and  conformity  assessment  activities.  Last  year  the 
United  States  exported  about  $700  billion  worth  of 
goods  and  services.  These  goods  and  services  were 
sold  into  an  increasingly  competitive  global  market 
containing  many  barriers  to  trade.  Having  a  large  do- 
mestic market,  good  quality  and  reasonable  prices  are 
not  longer  guarantees  of  market  access  for  a  product. 
Technical  barriers  to  trade  (TBTs)  almost  always  must 
be  overcome  or  dealt  with  constructively  to  gain  access 
to  a  market  before  any  product  can  be  traded.  Trade 
experts  have  indicated  that  additional  exports  worth 
$20  to  $40  billion  could  be  produced  right  now  if  we 
could  overcome  all  technical  barriers  to  trade. 
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This  letter  comments  on  the  article,  'Regional  Develop- 
ment, European  Style.'  It  expresses  agreement  that 
the  U.S.  can  learn  from  European  programs  and  expe- 
riences in  technically  oriented  economic  development 
and  describes  several  new  activities  at  the  National  In- 
stitute of  Standards  and  Technology. 
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A  U.S.  manufacturer  of  connector  hoses  for  gas  appli- 
ances has  encountered  a  series  of  difficulties  in  re- 
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maining  in  European  markets  as  a  consequence  of 
shifting  interpretations  of  an  EU  Directive  and  the  appli- 
cability of  the  standards  and  conformity  assessment 
requirements  of  individual  European  nations.  Critical 
issues  include  the  European  use  of  design,  rather  than 
performance,  standards  and  lack  of  access  to  the  Eu- 
ropean technical  committees  and  working  groups.  The 
staff  of  the  U.S.  Mission  to  the  European  Union,  includ- 
ing the  NIST  standards  expert,  are  assisting  American 
manufacturers  and  exporters  to  resolve  standards-re- 
lated trade  barriers. 
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The  components  of  global  electronic  commerce  and 
the  matrix  of  concepts  underlying  its  feasibility  are  elu- 
cidated. Some  of  the  issues  and  choices  facing  deci- 
sion-makers on  the  direction  of  its  development  are 
discussed.  Electronic  commerce  has  implications  for 
the  way  business  is  conducted,  and  may  in  the  long 
run  affect  the  ability  of  nations  to  compete  effectively 
in  international  trade.  It  is  proposed  that  government- 
private  sector  coordination  may  help  provide  a  sound 
basis  for  U.S.  representation  in  forums  deciding  the  fu- 
ture of  global  electronic  commerce.  Many  of  these  fo- 
rums are  multi-governmental;  they  concern  technical 
standards  and  the  administration  of  international  trade. 
An  aim  of  such  representation  would  be  to  maximize 
the  probability  of  outcomes  at  such  forums  favorable 
for  U.S.  competitiveness. 
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9000,  US  NIST,  Registration. 

The  report  provides  information  on  the  development, 
content  and  application  of  the  ISO  9000  standards  to 
readers  who  are  unfamiliar  with  these  aspects  of  the 
standards.  It  attempts  to  answer  some  of  the  most 
commonly  asked  questions  on  quality;  quality  systems; 
the  content,  application  and  revision  of  the  ISO  9000 
standards;  quality  system  approval/registration;  Euro- 
pean Community  requirements  for  quality  system  ap- 
proval/registration; and  sources  for  additional  help. 
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Keywords:  "Russian  Federation,  "Standards,  Proceed- 
ings, Metrology,  Standardization,  International  trade. 
Automobile  industry,  Commerce,  Intergovernmental 
relations,  Commercial  development,  Certification, 
ASME(American  Society  of  Mechanical  Engineers), 
Gosstandart,  Harmonization. 

The  fourth  meeting  of  the  U.S. -Russia  Business  Devel- 
opment Committee's  Standards  Working  Group  took 
place  on  March  27-29,  1995  in  New  York  City,  New 
York  hosted  by  the  American  Society  of  Mechanical 
Engineers  International  (ASME),  and  on  March  30-31, 
1995  in  Northbrook,  Illinois  hosted  by  Underwriters 
Laboratories,  Inc.  (UL).  The  Russian  delegation  con- 
sisted of  representatives  of  the  Committee  of  the  Rus- 
sian Federation  for  Standardization,  Metrology  and 
Certification  (GOSSTANDART).  The  U.S.  delegation 
included  representatives  from  government  agencies 
and  the  private  sector,  including  testing  and  certifi- 
cation bodies,  individual  companies,  and  trade  asso- 
ciations. The  meeting  resulted  in  an  exchange  of  infor- 
mation regarding  standards  and  conformity  assess- 
ment programs  and  practices  in  areas  of  mutual  inter- 
est, such  as  Boilers  and  Pressure  Vessels,  occupa- 
tional and  food  and  drug  safety,  automotive  and  tele- 
communications standards,  and  electrical  and  fire 
safety  of  consumer  and  industrial  products.  Of  particu- 
lar significance  was  the  signing  of  a  Joint  Statement 
on  Conformity  Assessment  between  GOSSTANDART 
and  ASME  International,  a  Joint  Statement  of  Informa- 
tion Exchange  between  GOSSTANDART  and  FDA, 
and  a  working  statement  between  GOSSTANDART 
and  UL. 
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ments, "Standards,  Governments,  Regulations,  For- 
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ment on  Tariffs  and  Trade). 

This  report  describes  the  General  Agreement  on  Tar- 
iffs and  Trade  (GATT)  Standards  Code  activities  con- 
ducted by  the  National  Institute  of  Standards  and  Tech- 
nology (NIST),  for  calendar  year  1994.  NIST  received 
and  processed  508  notifications  of  proposed  technical 
regulations;  reported  67  proposed  U.S.  technical  regu- 
lations to  the  GATT  Secretariat;  respond  to  409  inquir- 
ies for  GATT  notification  information;  participated  in 
various  bilateral  and  multilateral  standards-related 
trade  discussions;  and  responded  to  inquiries  on  the 
existence,  source  and  availability  of  standards-related 
trade  discussions;  and  responded  to  inquiries  on  the 
existence,  source  and  availability  of  standards  and 
standards-related  information. 
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Keywords:  "Standards,  "Regulations,  "International 
agreements,  Conformity,  Competition,  Global,  Market 
analysis,  ISO,  European  Communities,  Reprints,  Com- 
petitiveness, IEC(lnternational  Electrotechnical  Com- 
mission), GATT(General  Agreement  on  Tariffs  and 
Trade). 

Increasing  global  trade  and  technological  integration 
raise  important  issues  concerning:  (1)  existing  infra- 
structures and  their  efficacy  for  developing  internation- 
ally accepted  standards;  (2)  the  interaction  of  conform- 
ity assessment  activities  and  systems  among  market- 
led  economies;  and  (3)  the  changing  prerogatives  of 
governments.  As  a  basis  for  world  trade,  manufactures 
and  processors  are  demanding  single  globally  accept- 
able technical  standards  and  conformance  tests.  How- 
ever, national  governments  must  accommodate  do- 
mestic health,  safety  and  environmental  goals  that 
often  differ  dramatically  between  countries  and  re- 
gions. 
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Keywords:  "International  trade,  "Barriers,  "Standards, 
"Multilateral  agreements,  Conformity,  Consumer  prod- 
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This  report  describes  the  World  Trade  Organization 
(WTO)  Agreement  on  Technical  Barriers  to  Trade  (TBT 
Agreement)  activities  conducted  by  the  National  Insti- 
tute of  Standards  and  Technology  (NIST),  for  calendar 
year  1995.  NIST  received  and  processed  378  notifica- 
tions of  proposed  technical  regulations;  reported  20 
proposed  U.S.  technical  regulations  to  the  WTO  Sec- 
retariat; responded  to  329  inquiries  for  notification  in- 
formation; participated  in  various  bilateral  and  multilat- 
eral standards-related  trade  discussions;  and  re- 
sponded to  inquiries  on  the  existence,  source  and 
availability  of  standards  and  standards-related  infor- 
mation. In  1995,  NIST  also  served  as  the  U.S.  inquiry 
point  under  the  Agreement  on  the  Application  of  Sani- 
tary and  Phytosanitary  Measures  (SPS  Agreement). 
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Consider  measuring  instruments  that  respond  to  a  sin- 
gle-component experimental  material  with  a  function 
having  a  single  peak.  In  the  experimental  optimization 
of  such  instruments,  one  task  is  the  minimization  of 
peak  width.  This  paper  presents  an  approach  to  this 
task  based  on  Hermite  function  approximation  of  the 
peaks  observed  under  various  instrument  configura- 
tions. The  approach  requires  at  least  two  experimental 
materials  with  different  peak  locations  and  at  least  two 
different  strengths  (concentrations)  of  each  material  so 
that  both  the  horizontal  and  vertical  scale  of  the  instru- 
ment response  can  be  adjusted  in  the  comparison  of 
instrument  configurations.  The  approach  is  applied  to 
the;  optimization  of  an  aerosol  generator  that  nebulizes 
polystyrene  latex  spheres  with  nearly  identical  sizes. 
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In  the  experiment,  the  size  distribution  of  the  particles 
in  the  resulting  aerosol  is  measured  with  a  laser  par- 
ticle counter.  The  results  show  that  the  size  distribution 
in  the  aerosol  changes  with  time  and  that  various 
nebulizer  adjustments  have  an  important  effect  on  the 
peak  width  observed  after  the  nebulizer  has  run  for 
some  period. 
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prints, Patenting. 

The  major  patents  issued  in  the  field  of  supercritical 
fluid  technology  between  1982  and  1989  are  summa- 
rized. In  each  case,  the  title,  the  names  of  the  inven- 
tors, the  critical  dates  and  the  assignee  are  provided. 
The  abstract  of  each  patent  is  also  supplied. 
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The  results  of  international  comparisons  of  density 
measurements  are  reported.  Participants  include  na- 
tional laboratories  of  Australia,  the  Federal  Republic  of 
Germany,  Italy,  Japan,  the  United  Kingdom,  and  the 
United  States,  as  well  as  the  Bureau  International  des 
Poids  et  Mesures.  The  comparisons  involved  hydro- 
static density  determinations  of  samples  made  of  sin- 
gle-crystal silicon  and  samples  made  of  stainless  steel. 
Agreement  among  laboratories  is  generally  better  for 
samples  of  silicon  than  for  samples  of  stainless  steel. 
Overall  discrepancies  do  not,  however,  appear  to  be 
serious  with  respect  to  scientific  and  metrological 
needs. 
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Basic  concepts  of  mass  and  density  measurements 
are  presented  as  well  as  a  survey  of  practical  tech- 
niques. Ample  references  are  provided  for  the  inter- 
ested reader  to  find  the  basic  work  in  a  given  area  and 
a  sampling  of  recent  uses  of  the  technigues  discussed. 
Emphasis  is  placed  on  the  suitability  of  each  method 
for  specific  problems,  the  major  experimental  difficul- 
ties, and  the  accuracy  which  can  be  obtained.  The 
presentation  is  aimed  at  advanced  undergraduates 
and  graduate  students  in  chemistry  and  related 
sciences. 
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This  paper  describes  a  research  project  of  building  a 
prototype  expert  system  called  'Automated  Advisor.' 
This  expert  system  conducts  dialog  with  the  engineers 
and  recommends  a  list  of  data  sources  from  chemical 
information  databases. 
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This  report  is  a  summary  outcome  statement  for  the 
Industrial  Applications  of  Scanned  Probe  Microscopy 
(SPM)  workshop  which  was  held  at  National  Institute 
of  Standards  and  Technology  (NIST)  Gaithersburg  on 
March  24-25,  1994.  The  meeting,  co-sponsored  by 
NIST,  SEMATECH,  ASTM  E42.14,  and  the  American 
Vacuum  Society,  was  attended  by  over  one  hundred 
SPM  users,  suppliers,  researchers  and  program  man- 
agers from  industry,  government,  and  academia.  The 
focus  of  the  workshop  was  on  fostering  a  common  un- 
derstanding of  the  roles  of  each  of  these  groups  in  evo- 
lution of  applied  SPM,  to  achieve  a  consensus  view 
on  standard  practices  of  SPM-based  measurements, 
and  to  establish  the  basic  features  reguired  of  future 
generations  of  commercially  available  SPMs  reguired 
for  quantitative  measurement.  This  report  assesses 
the  effectiveness  of  the  workshop  format  and  con- 
cludes with  specific  recommendations  for  a  second, 
follow-up  workshop. 


00.507 

PB95-210225  PC  A08/MF  A02 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Process  Measurements  Div. 
NIST  Workshop  on  Gas  Sensors:  Strategies  for  Fu- 
ture Technologies.  Proceedings  of  a  Workshop. 
Held  in  Gaithersburg,  Maryland  on  September  8-9, 
1993. 

Special  pub. 

S.  Semancik.  Dec  94,  172p,  NIST/SP-865. 
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This  Proceedings  issue  describes  a  Workshop  on  gas 
sensing  held  in  Gaithersburg,  MD,  September,  8-9, 
1993.  Future  gas  sensors  with  improved  response 
characteristics,  higher  reliability,  and  lower  cost  can  be 
expected  to  have  increased  application  in  diverse 
areas,  including  environmental  monitoring,  process 
control,  and  personal  safety.  This  Workshop  brought 
together  gas  sensor  manufacturers,  present  and  po- 
tential users,  and  researchers  to  explore  ways  to  incor- 
porate research  discoveries  and  emerging  tech- 
nologies more  efficiently  into  new,  high-performance 
sensors.  The  Proceedings  includes  publications  on  in- 
vited and  contributed  presentation,  reports  on  discus- 
sions of  Emerging  Technologies  and  Commercializa- 
tion and  Standards  issues,  and  reports  summarizing 
breakout  sessions. 
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The  document  contains  the  description  of  NIST  SRM 
Program  and  comprehensive  listing  of  all  1 300+  Stand- 
ard Reference  Materials  (SRMs)  and  Reference  Mate- 
rials (RMs)  developed,  certified  and  distributed  by 
NIST. 
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Summary  Report:  Workshop  on  Industrial  Applica- 
tions of  Scanned  Probe  Microscopy  (2nd).  A  Work- 
shop Co-Sponsored  by  NIST,  SEMATECH,  ASTM 
E42.14,  and  the  American  Vacuum  Society.  Held  in 
Gaithersburg,  Maryland  on  May  2-3, 1 995. 
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See  also  PB95-1 70387.  Prepared  in  cooperation  with 
SEMATECH,  Austin,  TX.,  Texas  Univ.  at  Austin.  Dept. 
of  Physics,  and  Naval  Research  Lab.,  Washington, 
DC. 

Keywords:  'Microscopy,  'Industries,  'Technology  utili- 
zation, 'Meetings,  Magnetic  recording,  Polymers, 
Coatings,  Semiconductor  devices,  Tools.  Standards, 
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The  Second  Workship  on  Industrial  Applications  of 
Scanned  Probe  Microscopy  (IASPM)  was  held  at  the 
National  Institute  of  Standards  and  Technology  (NIST) 
Gaithersburg,  MD  on  May  2-3,  1995.  The  meeting,  co- 
sponsored  by  NIST,  SEMATECH,  the  American  Soci- 
ety for  Testing  and  Materials  (ASTM)  E.42.14  Sub- 
committee, and  the  Manufacturing  Science  and  Tech- 
nology Group  of  the  American  Vacuum  Society,  was 
attended  by  approximately  one  hundred  scanned 
probe  microscopy  (SPM)  users,  suppliers,  and  re- 
searchers from  industry,  government,  and  academia. 
This  Summary  Report  presents  an  overview  of  indus- 
trial applications  of  SPM  in  the  areas  of  magnetic  re- 
cording technology,  polymers  and  coatings,  and  semi- 
conductors, and  reviews  recent  progress  on  SPM 
standardization  and  tool  development. 
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Surface  enhanced  Raman  spectra  of  bovine  insulin, 
adsorbed  on  the  silver  electrode  from  aqueous  solu- 
tions of  micromolar  concentrations,  are  presented  for 
the  potential  range  -0.2  to  -1.2  V/AgCI.  The  data  sug- 
gest that  insulin  is  bound  to  silver  through  ionized  tyro- 
sine residues  and  carboxy  terminal  groupings.  Disul- 
fide linkages  are  reduced  sequentially  upon  increasing 
negative  potential:  A7-B7  at  -0.3  to  -0.5  V,  and  A20- 
B19  at  -0.5  to  -0.6  V.  Rupture  of  disulfide  bonds  in- 
creased the  portion  of  beta/disordered  conformation  at 
the  expense  of  the  alpha  helix. 
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Feasibility  of  Fluorescence  Detection  of  Tetra- 
cycline in  Media  Mixtures  Employing  a  Fiber  Optic 
Probe. 

Final  rept. 

S.  A.  Glazier,  and  J.  J.  Horvath.  1995,  18p. 

Pub.  in  Analytical  Letters,  v28  n15  p2607-2624  1995. 

Keywords:  "Fiber  optics,  "Fluorescence,  "Tetracycline, 
"Fermentation,  Media,  Reprints. 

The  work  assesses  the  feasbility  of  fluorescence  de- 
tection of  tetracycline  in  very  optically  dense  mixtures 
of  highly  fluorescent  media  ingredients  used  in  tetra- 
cycline production  by  fermentation.  The  fluorescence 
measurements  are  accomplished  with  a  fiber  optic 
probe.  Seven  difference  mixtures  were  examined  in 
this  study.  Each  one  contained  a  nonfluorescent  based 
on  nutrients  and  salts  along  with  one  of  the  following 
media  ingredients  at  5  g/100  mL:  cottonseed  flour,  corn 
gluten  meal,  soybean  flour,  distiller's  grains  and 
solubles,  corn  steep  liquor,  brewer's  yeast,  and  molas- 
ses. The  concentration  of  tetracycline  was  varied  in 
each  mixture  and  flourescence  measurements  were 
made  at  every  concentration  step.  Excitation  light  of 
390  nm  was  used  to  probe  the  samples,  and  emission 
spectra  were  obtained  over  the  wavelength  range  from 
400  to  600  nm.  In  most  of  the  samples  studied,  the 
fluorescence  intensity  in  the  wavelength  range  cor- 
responding to  background  media  fluorescence  (420- 
480  nm)  decreased  as  the  tetracycline  concentration 
increased.  The  decreases  in  the  short  wavelength 
range  might  be  explained  by  the  absorption  by  tetra- 
cycline of  390  nm  excitation  light  (in  competition  with 
absorption  by  the  media)  and/or  by  absorption  of  back- 
ground media  fluorescence  by  tetracycline.  Frequently, 
the  maximum  emission  of  the  mixtures  shifted  to  longer 
wavelengths.  The  maximum  approached  that  of  tetra- 
cycline (approximately  520  nm).  Plots  of  integrated  flu- 
orescence intensity,  in  the  emission  wavelength  re- 
gions of  420-480  nm  and  500-560  nm,  versus  tetra- 
cycline hydrochloride  concentration  reflect  these  shifts. 
The  authors  have  found  that  the  changes  in  fluores- 
cence intensity  in  these  two  wavelength  regions  during 
tetracycline  addition  depend  on  the  indentity  of  the 
media  component  in  the  mixture. 
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Electrochemical  immunoassays  are  often  complicated 
by  the  presence  of  electroactive  interferences  which 
cause  high  current  backgrounds.  The  authors  are 
studying  a  method  to  correct  for  background  currents 
in  homogeneous  immunoassays.  The  assays  are  con- 
ducted with  an  immunosensor  employing  9,10- 
anthraquinone  derivatives  as  electroactive  labels  for 
the  model  analyte,  procainamide.  Anthraquinones 
have  the  ability  to  be  photochemically  reduced  by  light 
to  their  hydroquinone  analogues.  In  the  assay,  back- 
ground correction  may  possibly  be  achieved  by  sub- 
tracting the  oxidation  current  of  a  sample  containing 
the  anthraquinone-procainamide  conjugate  from  the 
current  obtained  after  photoreduction.  This  scheme  re- 
lies of  preferential  reduction  of  the  anthraquinone  by 
proper  wavelength  selection,  and  the  greater 
electroactivity  of  the  hydroquinone  form  at  oxidative 
potentials  relative  to  the  parent  anthrquinone. 
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Brominated  fire  suppressants  are  effective  and  widely 
used.  Due  to  their  destruction  of  stratospheric  ozone, 
however,  the  production  of  these  chemicals  was  halted 
in  January  1994.  Although  testing  and  development  of 
possible  substitutes  is  occurring,  a  replacement  with 
all  of  the  desirable  properties  of  CF3Br  (the  most  com- 
mon fire  suppressant)  has  yet  to  be  identified.  Con- 
sequently, the  Fire  Science  Division  at  the  National  In- 
stitute of  Standards  and  Technology  (NIST)  is  conduct- 
ing research  to  identify  new  chemical  inhibitors,  under- 
stand the  mechanisms  of  inhibition  of  known  or  widely 
used  agents,  and  evaluate  the  performance  of  pro- 
posed agents. 
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Some  of  the  proposed  replacements  for  CF3Br,  the 
fluorinated  hydrocarbons,  are  required  in  higher  con- 
centrations to  extinguish  fires  and  contain  more  halo- 
gen atoms  per  molecule.  Since  they  decompose  in  the 
flame,  they  produce  correspondingly  more  hydrogen 
fluoride  than  CF3Br  when  suppressing  a  fire.  Recent 
laboratory  experiments  with  burners  using  heptane, 
propane,  and  methane  have  indicated  that  the  amount 
of  HF  formed  in  steady  state  can  be  estimated  within 
about  a  factor  of  two  for  diffusion  flames  and  within 
10%  for  premixed  flames  based  on  equilibrium  thermo- 
dynamics. In  this  model  for  HF  formation,  the  inhibitor 
molecule  is  transported  to  the  reaction  zone  by  con- 
vection and  diffusion  and  is  consumed  in  the  flame 
sheet  to  form  the  most  stable  products  (usually  HF, 
C02,  and  COF2).  In  the  present  work,  the  equilibrium 
model  is  used  to  estimate  the  upper  limit  of  HF  forma- 
tion in  suppressed  fires.  The  effects  of  fuel  and  agent 
type,  fuel  consumption  rate,  and  agent  injection  rate 
are  included  in  the  model,  as  are  room  volume,  humid- 
ity, and  concentration  of  inhibitor  necessary  to  extin- 
guish the  fire. 
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Measurements  of  the  molar  heat  capacity  at  constant 
volume  Cv  for  air  were  conducted  with  an  adiabatic  cal- 
orimeter. Temperatures  ranged  from  67  to  300  K,  and 
pressures  ranged  up  to  35  MPa.  Measurements  were 
conducted  at  17  densities  which  ranged  from  gas  to 
highly  compressed  liquid  states.  In  total,  227  Cv  values 
were  obtained.  The  air  sample  was  prepared  gravi- 
metrically  from  research  purity  gases  resulting  in  a 
mole  fraction  composition  of  0.781 12  N2  +  0.20966  02 
+  0.00922  Ar.  The  primary  sources  of  uncertainty  are 
the  estimated  temperature  rise  and  the  estimated 
quantity  of  substance  in  the  calorimeter.  Overall,  the 
uncertainty  of  the  Cv  values  is  estimated  to  be  less 
than  plus  or  minus  2%  for  the  gas  and  plus  or  minus 
5%  for  the  liquid. 
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This  paper  reviews  the  search  and  analysis  software 
packages  QUEST3D  and  VISTA,  also  the  database- 
building  program  Pre  Quest.  The  relationship  between 
the  CSD  and  the  Protein  Data  Bank  is  discussed  and 
development  plans  are  outlined. 
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The  Protein  Data  Bank  (PDB)  is  an  archive  of  experi- 
mentally determined  three-dimensional  structures  of 
proteins,  nucleic  acids,  and  other  biological 
macromolecules  with  a  25  year  history  of  service  to  a 
global  community.  PDB  is  being  replaced  by  3DB,  the 
Three-Dimensional  Database  of  Biomolecular  Struc- 
tures that  will  continue  to  operate  from  Brookhaven  Na- 
tional Laboratory.  3DB  will  be  a  highly  sophisticated 
knowledege-based  system  for  archiving  and  accessing 
structural  information  that  combines  the  advantages  of 
object  oriented  and  relational  database  systems. 
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The  Nucleic  Acid  Database  is  a  relational  database 
containing  information  about  three-dimensional  nucleic 
acid  structures.  The  methods  used  for  data  processing, 
structure  validation,  database  management  and  infor- 
mation retrieval,  as  well  as  the  various  services  avail- 
able via  the  World  Wide  Web,  are  described.  Plans  for 
the  future  include  greater  reliance  on  the 
Macromolecular  Crystallographic  Information  File  for 
both  data  processing  and  data  management. 
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Several  studies  that  used  the  Cambridge  Structural 
Database  to  elucidate  principles  of  packing  in  molecu- 
lar crystals  are  described.  Some  possible  sources  of 
bias  in  the  statistical  distributions  are  discussed. 
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Ruthenium  oxide  and  iridium  oxide  have  outstanding 
resistance  to  corrosion.  These  oxides  are  also  excel- 
lent electrical  conductors  and  have  been  used  as 
biochemical  charge  injection  electrodes.  Their  unique 
electrical  and  electrochemical  properties  have  also  led 
to  their  consideration  as  high  temperature  pH  elec- 
trodes. Thin  films  are  the  most  useful  form  for  these 
applications  as  they  permit  the  miniaturization  of  fast 
response  sensors  and  electrodes.  The  study  was  used 
to  characterize  the  thermoelectric  and  electrical  con- 
ductance parameters  of  ruthenium  and  iridium  oxide 
sputtered  thin  films.  The  electric  and  thermoelectric 
properties  of  the  thin  films  were  found  to  be  sensitive 
to  the  annealing  temperature  of  the  sputtered  oxides. 
The  properties  of  the  film  are  related  to  the 
microstructure,  stoichiometry  and  crystal  structure  as 
determined  by  x-ray  diffraction.  Heat  treatments  were 
used  to  stabilize  the  thermoelectric  response  and  the 
thermal  coefficient  of  resistivity. 
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Aqueous  solutions  containing  ferric  ions  and  chloro-  or 
fluoroacetates  were  photolyzed  by  light  with  wave- 
lengths greater  than  300  nm.  Significant  variation  in  the 
extent  of  reaction  was  observed,  with  the  totally  halo- 
genated  acetates  degraded  very  little  in  the  course  of 
the  experiments.  The  relative  rates  of  degradation 
were  found  to  correlate  very  well  with  the  relative  rates 
of  reaction  of  the  haloacetate  with  the  hydroxyl  radical. 
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Work  in  improvement  of  ultrasensitive  (RIMS)  tech- 
niques, RIS  schemes  and  atomic  data,  and  develop- 
ment of  isotopic  ratio  standards  and  standards  for 
ultratrace  analysis  is  reported. 
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Standards  for  Ultratrace  Analysis.  Progress  Re- 
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I:  Work  focused  on  converting  the  VG  SIMS  system 
into  a  dual  purpose  instrument  for  analysis  in  SIMS  or 
SIRIS  mode,  and  on  a  glow  discharge  source  for  the 
NIST  magnetic  sector  mass  spectrometer.  Ionization 
efficiencies  and  selectivities  are  being  studied.  II:  The 


first  two  groups  of  10  elements  each  have  been  pub- 
lished; draft  data  sheets  have  been  completed  for  a 
third  group  of  5  elements;  the  data  base  of  published 
and  unpublished  RIS  work  has  been  expanded.  Ill:  Di- 
lution checks  are  being  performed  on  the  (sup  36)CI 
standard. 
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R.  Colle,  and  J.  W.  L.  Thomas.  1993,  25p. 
Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v98  n6  p653-677  Nov/ 
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A  consortium  of  accelerator-mass-spectrometry  (AMS) 
laboratories  recently  prepared  a  series  of  (36)CI/CI  iso- 
topic ratio  AMS  standards  by  an  eight-step  serial 
gravimetric  dilution  scheme.  Of  the  resulting  nine  solu- 
tions, only  the  latter  six  could  be  assayed  by  AMS  to 
confirm  the  gravimetric  dilution  factors.  The  paper  pro- 
vides the  results  of  relative  radioactivity  measurements 
on  the  first  four  solutions  to  verify  the  first  three  dilution 
factors.  The  fourth  solution  was  the  only  dilution  capa- 
ble of  being  directly  measured  by  both  AMS  and 
radionuclidic  metrology  of  (36)CI,  and  therefore  its 
assay  by  radioactivity  counting  was  deemed  of  consid- 
erable importance. 
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The  analysis  of  asbestos  by  transmission  electron  mi- 
croscopy (TEM)  is  important  for  the  determination  of 
the  cleanliness  of  air  or  water  and  for  research  pur- 
poses. Counting  rules  are  used  to  determine  the 
amount  of  asbestos  observed  by  TEM.  This  method 
describes  a  high  precision  set  of  counting  rules.  For 
this  method,  all  qualifying  particles  are  counted  as  one 
structure;  the  number  of  asbestos  fibrils  within  a  par- 
ticle does  not  affect  the  number  of  structures  assigned 
to  the  particle. 
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The  analysis  of  asbestos  by  transmission  electron  mi- 
croscopy is  important  for  determination  of  the  cleanli- 
ness of  air  or  water  and  for  research  purposes.  Verified 
analysis  provides  a  method  for  determining  the  quality 
of  the  analyses.  Verified  analysis  is  a  procedure  in 
which  a  grid  opening  is  independently  analyzed  for  as- 
bestos by  two  or  more  transmission  electron  micro- 
scope (TEM)  operators  and  in  which  a  comparison  and 
evaluation  of  the  correctness  of  the  analyses  are  made 
by  a  verifying  analyst.  Detailed  information  -  including 
absolute  or  relative  location,  a  sketch,  orientation, 


sized  (length,  width),  morphology,  analytical  informa- 
tion and  structure  identification  -  is  recorded  for  each 
observed  asbestos  structure.  Comparisons  of  the  anal- 
yses are  made  on  a  structure-by-structure  basis  and 
the  percentage  of  true  positives,  false  positives  and 
false  negatives  are  determined  for  each  TEM  operator. 
Verified  analyses  can  be  used  as  part  of  a  quality  as- 
surance program  for  asbestos  analyses  and  as  a  train- 
ing procedure.  This  report  describes  a  method  for  con- 
ducting a  verified  analysis.  The  method  is  reported  in 
ASTM  format.  This  version  contains  a  revised  proce- 
dure, examples  and  flow  charts. 
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Both  at  IRI  and  at  NIST,  Local  Area  Networks  (LANs) 
are  being  used  to  acquire  and  process  data  from  mul- 
tiple gamma-ray  spectrometers.  In  this  paper,  dif- 
ferences and  similarities  between  three  systems  are 
discussed,  resulting  in  recommendations  for  new  sys- 
tems to  be  set  up. 
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Despite  the  fact  that  instrumental  analysis  has  rightfully 
assumed  an  overwhelmingly  major  role  in  the  analyt- 
ical laboratory,  there  remains  a  limited,  although  impor- 
tant, need  for  classical  analysis.  Instrumental  analysis 
is  most  useful  for  elemental  determinations  at  minor 
and  trace  levels  (about  1  %  all  the  way  down  to  1  atom), 
and  in  this  range  classical  analysis  performs  either 
poorly  or  not  at  all.  However,  instrumental  analysis 
generally  does  not  give  high  precision  and  accuracy 
at  major  levels  (about  1%  up  to  100%),  and  in  this 
range  classical  analysis  does  perform  well.  Moreover, 
instrumental  and  classical  analysis  complement  each 
other  and  can  be  used  in  tandem  to  the  analyst's  ad- 
vantage. 
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A  dual-path  approach  has  been  developed  for  the  pro- 
duction of  an  accurate  rhodium  solution  standard.  First, 
a  water-soluble  rhodium  salt  was  assayed  for  rhodium 
by  gravirnetry.  Second,  a  different  water-soluble  rho- 
dium salt  was  synthesized  from  a  known  mass  of  high- 
purity  rhodium  metal.  The  agreement  between  both 
rhodium  solution  standards,  each  based  on  gravirnetry, 
and  subject  to  different  random  and  systematic  errors, 
confirmed  the  accuracy  of  their  rhodium  concentra- 
tions. Based  on  this  work  an  accurate  rhodium  solution 
standard  (NIST  Standard  Reference  Material  (SRM) 
3144)  was  prepared  by  dissolving  in  water  a  weighed 
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portion  of  an  accurately  assayed,  homogeneous, 
water-soluble  rhodium  salt,  which  had  been  dried  to 
constant  weight. 
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Liquid  chromatography  (LC)  and  laser-enhanced  ion- 
ization spectrometry  (LEI)  have  been  combined  to  pro- 
vide a  very  sensitive  method  for  the  measurement  of 
organolead  species.  Measurement  is  possible  in  envi- 
ronmental and  biological  matrices,  which  often  contain 
high  levels  of  easily  ionized  elements  that  normally 
interfere  with  LEI  measurements.  However,  LC  is  able 
to  resolve  the  interferents  from  the  analytes,  and  LEI 
is  sensitive  enough  to  counterbalance  the  increase  in 
detection  limits  that  results  from  the  use  of  LC.  The 
method  has  been  applied  to  the  determination  of 
organolead  compounds  in  National  Institute  of  Stand- 
ards and  Technology  Standard  Reference  Material 
1566a,  Oyster  Tissue.  Trace  levels  of  trimethyllead 
were  observed  in  the  Oyster  Tissue,  but  concentra- 
tions were  variable  among  the  samples  tested. 
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Vanadium  has  been  determined  in  SRM  1573a,  To- 
mato Leaves,  by  isotope  dilution  mass  spectrometry 
using  thermal  ionization  (TIMS)  and  resonance  ioniza- 
tion (RIMS).  The  capabilities  of  the  two  techniques  to 
compensate  for  interferences  from  chromium  and  tita- 
nium are  compared.  Results  are  discussed. 
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Three  interlaboratory  round-robin  studies  (RR1,  RR2, 
and  RR3)  were  conducted  to  identify  a  serum-based 
reference  material  that  would  aid  in  the  standardization 
of  direct  ion-selective  electrode  (ISE)  measurements 
of  sodium  and  potassium.  Ultrafiltered  frozen  serum 
reference  materials  requiring  no  reconstitution  reduced 
between-laboratory  variability  (the  largest  source  of  im- 
precision) more  than  did  other  reference  materials.  ISE 
values  for  RR3  were  normalized  by  the  use  of  two 


points  at  the  extremes  of  the  clinical  range  for  sodium 
(i.e.,  120  and  160  mmol/L),  with  values  assigned  by 
the  flame  atomic  emission  spectrometry  (FAES)  Ref- 
erence Method. 
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The  glow  discharge  (GD)  is  investigated  as  a  possible 
atomic  emission  source  for  Fourier  transform  atomic 
emission  spectroscopy  (FT-AES).  Noise  power  spectra 
are  presented  to  demonstrate  that  GD  emission  is  pri- 
marily characterized  by  photon  noise,  although  a  drift 
noise  component  exists  at  extremely  low  frequencies. 
The  photon  noise  character  is  important,  as  photon 
noise  limited  sources  are  expected  to  outperform 
source  flicker  noise  limited  sources  in  terms  of  meas- 
urement precision.  The  implementation  of  bandpass 
restriction  and  dual  channel  subtractive  noise  cancella- 
tion as  possible  means  of  improving  measurement  pre- 
cision are  also  presented.  In  both  cases,  the  improve- 
ments were  found  to  be  minimal,  a  fact  attributed  to 
the  probable  suitability  of  the  GD  for  FT-AES. 
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Pycnometers  are  used  to  measure  the  density  of  fluids. 
Usually  pycnometer  volume  is  determined  by  measur- 
ing the  mass  and  temperature  of  contained  water  and 
thereafter  is  used  to  determine  the  density  of  contained 
fluid  by  further  weighing.  The  calibration  and  use  of  the 
pycnometer  can  be  achieved  on  a  modern  electronic 
balance  without  the  use  of  the  usual  set  of  mass  stand- 
ards. This  paper  explores  the  electronic  balance  appli- 
cation to  pycnometry,  presents  supporting  data  with 
analysis  and  discusses  a  pycnometer  design. 
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The  National  Voluntary  Accreditation  Program 
(NVLAP)  at  the  National  Institute  of  Standards  and 
Technology  (NIST)  has  since  1990  had  a  program  to 
accredit  those  laboratories  involved  in  the  analysis  of 
airborne  asbestos  by  transmission  electron  micros- 
copy. As  a  part  of  that  program,  laboratories  are  sent 
proficiency  tests  twice  yearly  to  evaluate  their  ability 
to  correctly  analyze  samples  and  to  test  the  general 
knowledge  of  laboratory  personnel.  The  results  of  the 
tests  are  sent  to  the  participating  laboratories  in  the 
form  of  a  summary  report.  This  NIST  Internal  Report 
(NISTIR)  contains  the  instructions  and  summary  re- 


ports issued  for  the  proficiency  tests  in  1990  (PT90- 
1,  PT90-2). 
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This  publication  describes  the  various  factors  that  can 
affect  the  proper  functioning  of  a  spectrophotometer 
and  suggests  procedures  to  assess  and  control  these 
factors.  Particular  consideration  is  given  to  the  long- 
and  short-term  stability  of  a  spectrophotometer,  wave- 
length accuracy,  spectral  bandpass,  stray  radiation, 
and  the  accuracy  of  the  transmittance  or  absorbance 
scale.  A  description  is  given  of  the  Standard  Reference 
Materials  (SRMs)  that  can  be  used  to  control  these  fac- 
tors. The  methods  for  the  preparation,  certification,  and 
use  of  two  such  materials  (SRM  930  and  SRM  1930) 
are  also  presented.  The  results  obtained  in  the  actual 
use  of  the  SRMs  are  examined  in  some  detail.  An  Ap- 
pendix contains  the  reproduction  of  several  publica- 
tions and  Certificates  relevant  to  the  subject  discussed 
in  this  publication. 
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The  National  Voluntary  Accreditation  Program 
(NVLAP)  at  the  National  Institute  of  Standards  and 
Technology  (NIST)  has  since  1990  had  a  program  to 
accredit  those  laboratories  involved  in  the  analysis  of 
airborne  asbestos  by  transmission  electron  micros- 
copy. As  a  part  of  that  program,  laboratories  are  sent 
proficiency  tests  twice  yearly  to  evaluate  their  ability 
to  correctly  analyze  samples  and  to  test  the  general 
knowledge  of  laboratory  personnel.  The  results  of  the 
tests  are  sent  to  the  participating  laboratories  in  the 
form  of  a  summary  report.  This  NIST  Internal  Report 
(NISTIR)  contains  the  instructions  and  summary  re- 
ports issued  for  the  proficiency  tests  in  1991  (PT91- 

1,  PT91-2). 
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FAAS(Flame  Atomic  Absorption  Spectrophotometry), 
Lead  nephropathy,  NIST(National  Institute  of  Stand- 
ards and  Technology). 

The  protocols  developed  and  implemented  to  provide 
lead  acetate  containing  drinking  water  solutions  for  ani- 
mal toxicity  studies  are  described  in  detail.  The  proce- 
dure involved  preparation  of  20  liter  batches  of  high 
concentration  lead  acetate  solution  (20,000  ppm)  at 
National  Institute  of  Standards  and  Technology  (NIST). 
Conventional  flame  atomic  absorption 
spectrophotometry  (FAAS)  was  employed  to  confirm 
that  the  lead  concentration  of  the  solution  was  within 
five  percent  of  the  target  value.  This  solution  was  then 
dispensed  into  containers  of  appropriate  volume  such 
that  upon  dilution  at  the  animal  research  facility,  drink- 
ing water  solutions  containing  lead  concentrations  of 
50,  250  and  1000  ppm  were  produced.  Samples  of 
these  diluted  solutions  and  samples  taken  from  animal 
cage  water  bottles  were  returned  to  NIST  for  follow- 
up  FAAS  determination  of  lead  concentration  to  insure 
that  animal  exposure  to  lead  was  meeting  experi- 
mental goals. 
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The  National  Voluntary  Accreditation  Program 
(NVLAP)  at  the  National  Institute  of  Standards  and 
Technology  (NIST)  has  since  1990  had  a  program  to 
accredit  those  laboratories  involved  in  the  analysis  of 
airborne  asbestos  by  transmission  electron  micros- 
copy. As  a  part  of  that  program,  laboratories  are  sent 
proficiency  tests  twice  yearly  to  evaluate  their  ability 
to  correctly  analyze  samples  and  to  test  the  general 
knowledge  of  laboratory  personnel.  The  results  of  the 
tests  are  sent  to  the  participating  laboratories  in  the 
form  of  a  summary  report.  This  NIST  Internal  Report 
(NISTIR)  contains  the  instructions  and  summary  re- 
ports issued  for  the  proficiency  tests  in  1992  (PT92- 

1,  PT92-2). 
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The  efficient  application  of  pulsed-laser  resonance  ion- 
ization mass  spectrometry  (RIMS)  to  ultrasensitive 
analysis  requires  conservation  of  samples  during  the 
analysis  dead  time.  Laser  ablation  of  solids  has  been 
shown  to  provide  vapor  plumes  of  appropriate  spatial 
and  temporal  properties,  but  free  atom  fractions  suffer 
from  particle  formation  due  to  thermal  stress  fracturing. 
The  authors  report  here  preliminary  studies  with 
semitransparent  thin  (about  50  A)  films,  intended  to  im- 
prove the  reproducibility  and  atom  yield  of  laser  abla- 
tion sampling. 
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Relative  sensitivity  factors  for  several  elements  in  mi- 
crometer size  glass  particles,  bulk  glasses  and  glass 
thin  films  have  been  determined  for  a  Ga(1+)  liquid 
metal  ion  gun  combined  with  a  time-of-flight  secondary 
ion  mass  spectrometer.  The  reproducibility  of  the  val- 
ues within  and  among  glasses  of  various  compositions 
is  better  than  20%.  Reproducibility  is  improved  by  sput- 
ter-cleaning the  sample  prior  to  data  collection.  Rel- 
ative sensitivity  factors  have  also  been  obtained  from 
bulk  glasses  using  pulsed,  low-energy  electrons  to 
neutralize  charge  build-up  on  the  sample.  Useful  yields 
for  Mg  and  Ca  in  a  thin  glass  film  were  calculated  to 
be  a  3.4  x  1 0(sup  -4)  and  8.0  x  1 0(sup  -4),  respectively. 
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Quantitative  compositional  mapping  involves  the  pro- 
duction of  images,  which  directly  depict  the  concentra- 
tions of  the  elemental  constituents  present  in  a  speci- 
men. A  problem  is  encountered  when  numerical  con- 
centration information  is  to  be  presented  in  the  form 
of  an  image-the  authors  wish  to  simultaneously 
present  both  spatial  position  information  and  numerical 
concentration  data  for  two  or  more  constituents.  The 
authors  have  developed  the  Concentration  Histogram 
Image  (CHI)  which  is  a  modified  scatter  diagram, 
where  compositional  maps  are  transformed  from  real 
space  to  concentration  space.  Unlike  the  scatter  dia- 
gram, the  CHI  is  displayed  by  encoding  the  frequency 
information  with  a  thermal  color  scale.  The  authors 
have  implemented  the  CHI  on  various  computers  to 
view  the  CHI  for  selected  areas  of  the  sample  and 
show  the  correspondence  between  features  (clumps  or 
bands  of  points)  in  the  CHI  with  specific  areas  in  the 
original  maps.  The  CHI  is  a  useful  diagnostical  tool  for 
detecting  inhomogeneities  in  materials,  checking 
quantitative  corrections  of  x-ray  maps,  evaluating  sam- 
pling and  measurements  statistics,  and  selecting  fea- 
tures of  interest  for  further  analysis. 
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The  paper  will  discuss  research  performed  in  selecting 
a  high  purity  germanium  detector  of  between  20  and 
45  percent  relative  efficiency.  The  primary  goal  will  be 
to  optimize  the  minimum  detectable  activity  (MDA)  of 
the  detector.  Several  factors  will  be  evaluated  that  con- 
tribute to  MDA;  such  as,  relative  background  nuclides 
in  the  detector  structural  material,  relative  detector  effi- 
ciency, and  shield  design.  Results  to  be  presented  in- 
clude efficiencies  for  various  sample  geometries,  MDA 
for   several    detector/sample    configurations,  and 


gamma  spectrum  analysis  of  detector  background 
counts. 
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The  vortex  tube  is  a  unique  heating  and  cooling  device 
that  has  no  moving  parts,  but  operates  only  with  a 
stream  of  compressed  air.  Although  first  described 
nearly  six  decades  ago,  it  has  only  recently  been  'dis- 
covered' by  scientists  and  engineers  outside  of  the 
heat  transfer  fraternity.  The  vortex  tube  can  provide  air 
streams  at  temperatures  as  low  as  -40  C,  and  as  high 
as  190  C.  It  is  especially  useful  for  heating  and  cooling 
the  small,  irregularly  shaped  instrument  components 
and  devices  that  are  so  common  in  chemical  analysis. 
In  this  paper,  the  operational  essentials  of  the  vortex 
tube  are  presented,  and  several  applications  in  chemi- 
cal analysis  are  discussed. 


00,545 

PB94-199197       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSTL), 

Boulder,  CO.  Thermophysics  Div. 

Simple  and  Efficient  Low-Temperature  Sample  Cell 

for  Infrared  Spectrophotometry. 

Final  rept. 

T.  J.  Bruno.  1992,  2p. 

Pub.  in  Review  of  Scientific  Instruments  63,  n10 
p4459-4460  Oct  92.  Sponsored  by  Gas  Research  Inst., 
Chicago,  IL. 

Keywords:  "Optical  equipment,  "Infrared 
spectrophotometers,  Hilsch  tubes,  Solvents,  Refrig- 
erants, Design,  Reprints,  "Low  temperature  cell,  Vor- 
tex tubes. 

It  is  often  helpful  in  infrared  spectrophotometry  to  con- 
tain a  liquid  sample  in  a  cell  that  is  maintained  at  a 
subambient  or  nearly  cryogenic  temperature.  Volatile 
samples  and  solvents  being  studied  can  vaporize  and 
form  bubbles  in  conventional  liquid  sample  cells,  espe- 
cially under  the  influence  of  the  infrared  radiation  from 
the  source  in  a  continuous-wave  instrument.  This  will 
result  in  the  formation  of  spikes  on  the  spectra.  In  addi- 
tion, some  analytes  are  thermally  labile  and  must  be 
protected  from  warming  while  the  spectrum  is  re- 
corded. An  easily  constructed  cell  cooled  with  a  vortex 
tube  can  solve  many  of  these  problems,  and  is  in  many 
ways  an  improvement  over  commercial  devices.  In  this 
note,  such  a  cell  is  described  and  its  application  to 
volatile  alternative  refrigerants  is  discussed. 
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In  many  synthetic  and  analytical  procedures,  it  is  often 
necessary  to  concentrate  samples  by  controlled  evap- 
oration of  the  solvent.  Several  glass  concentrators  are 
available  (such  as  the  micro  or  Kuderna  Danish  type), 
consisting  of  a  solution  vessel  with  a  collection  cold  fin- 
ger directly  below,  and  a  reflux  tube  above.  In  conven- 
tional practice,  the  solution  vessel  section  is  electrically 
heated  in  an  aluminum  block,  while  the  cold  finger  is 
kept  in  ambient  air  at  a  lower  temperature.  An  alter- 
native to  this  technique  that  provides  several  important 
advantages  is  to  use  a  Ranque-Hilsch  vortex  tube  to 
both  heat  the  solution  vessel  and  cool  the  cold  finger. 
In  this  note,  the  construction  and  application  of  such 
an  apparatus  is  described. 
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This  paper  describes  the  performance  characteristics 
of  a  first  order  reflectron  energy  compensating  lens 
system  on  a  voltage-pulsed  atom  probe.  The  perform- 
ance of  the  instrument  using  the  electrostatic  mirror  is 
compared  to  that  obtained  using  the  same  electronics 
and  a  linear  flight  path,  and  the  effect  of  an  einzel  lens 
on  the  performance  is  presented. 
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While  there  have  been  a  number  of  excellent  studies 
showing  the  effects  of  trace  element  concentrations  in 
biomaterials  in  a  number  of  diseases  and  other  health- 
related  processes,  the  inconsistencies  of  quantitative 
analytical  data  still  limit  progress.  It  is  suggested  that 
a  well  integrated  system  of  laboratories  that  is  dedi- 
cated to  analytical  chemistry  quality  assurance  can 
provide  an  interlaboratory  structure  that  will  improve 
the  quality  of  the  measurements.  Quantitative  meas- 
urement of  the  elemental-bound  compound  appears  to 
be  greatly  needed,  and  significant  effort  needs  to  be 
expended  in  this  most  difficult  area.  Progress  can  be 
greatly  enhanced  by  including  the  analytical  chemist 
in  the  biomedical  research  team. 
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A  survey  of  reversed-phase  liquid  chromatography 
(LC)  methods  for  the  separation  of  carotenoids  is  tab- 
ulated. The  tables  include  carotenoid  sources,  individ- 
ual carotenoids  separated,  LC  stationary  phase,  LC 
mobile  phase,  flow  rate,  and  column  temperature.  The 
influence  of  various  stationary  (pore  diameter,  carbon 
load,  mode  of  synthesis,  end-capping)  and  mobile 
phase  (modifiers,  buffers)  parameters  on  the  separa- 
tion and  recovery  of  carotenoid  compounds  are  dis- 
cussed and  illustrated.  Both  isocratic  and  gradient  re- 
versed-phase LC  methods  developed  at  NIST  for  the 
separation  of  carotenoids  are  presented. 

00,550 

PB94-200599       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (NML), 
Gaithersburg,  MD.  Gas  and  Particulate  Science  Div. 
Importance  of  Chemometrics  in  Biomedical  Meas- 
urements. 
Final  rept. 

L.  A.  Currie.  1991,  27p. 

Pub.  in  American  Chemical  Society  Symposium  Series 
445,  p 74-1 00  1991. 

Keywords:  "Biomedical  measurements,  Trace  ele- 
ments, Multivariate  analysis,  Quality  control,  Mathe- 


matics, Statistics,  Environmental  pollutants,  Diet,  Re- 
prints, "Chemometrics. 

Chemometrics  as  a  discipline  blends  modern  mathe- 
matical and  statistical  techniques  with  chemical  knowl- 
edge for  the  design,  control,  and  evaluation  of  chemi- 
cal measurements.  For  complex  systems,  such  as 
those  involving  biomedical  trace  element  research  the 
multi-disciplinary  efforts  toward  problem  formulation 
and  measurement  process  design  and  evaluation  can 
be  substantially  aided  by  exploratory  chemometric  ap- 
proaches. Following  a  brief  overview  of  potential 
chemometrics  contributions,  primary  attention  is  to  be 
given  to  exploratory  multivariable  data  analysis  tech- 
niques, which  can  capture  the  essence  of  a  complex 
data  set  in  a  few,  visualizable  dimensions.  Such  tech- 
niques are  appropriate  because  nuclear-related  meas- 
urements, quality  control  samples  and  data,  global  die- 
tary intakes,  and  biological  compositions  all  comprise 
multiple  chemical  species,  frequently  exhibiting  cor- 
related behavior.  Applications  of  some  of  the  more 
powerful  techniques,  such  as  principal  component  fac- 
tor analysis,  are  illustrated  by  multivariable 
interlaboratory  quality  control,  assessment  of  pollutant 
origins,  and  exploration  of  daily  dietary  intake  data. 
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The  paper  represents  a  contribution  to  the  chemist  - 
statistician  colloquy  on  multivariate  measurement  and 
model  error.  Specifically,  it  is  a  discussion  of  'measure- 
ment error  models'  by  Leon  Jay  Gleser  (Dept.  of  Math- 
ematics and  Statistics,  Univ.  of  Pittsburgh).  Basic  top- 
ics addressed  include  the  'errors  in  x(-)  and  y(-)',  ex- 
tended to  the  multivariable  domain,  as  realized  in  fac- 
tor analysis  and  errors  in  variables  regression.  The  dis- 
tinction between  structural  and  functional  models  for 
statistical  relationships  is  considered,  as  well  as  their 
asymptotic  character.  Most  importantly,  approaches 
are  suggested  for  complementing  the  important  ad- 
vances in  mathematical  statistics  (as  reviewed  by 
Gleser)  with  chemical  knowledge  and  insight.  These 
take  three  forms:  chemical  limitations  imposed  on  the 
several  statistical  assumptions  of  the  measurement 
error  models  (especially  those  involving  the  diagonal 
and  off-diagonal  elements  of  the  variance  covariance 
matrix);  chemically  feasible  approaches  to  measure- 
ment refinement,  such  as  tracer  and  unique  variable 
techniques  for  reducing  multi-collinearity;  and  linear 
and  non-linear  model  refinement,  based  on  scientific 
knowledge  of  the  system  under  investigation. 

00,552 

PB94-210168       PC  A03/MF  A03 

National  Inst,  of  Standards  and  Technology  (CSTL), 

Gaithersburg,  MD.  Surface  and  Microanalysis  Science 

Div. 

Airborne  Asbestos  Method:  Standard  Practice  for 
Recording  Transmission  Electron  Microscopy 
Data  for  the  Analysis  of  Asbestos  Collected  onto 
Filters.  Version  1.0. 

E.  S.  Windsor,  S.  Turner,  and  E.  B.  Steel.  Feb  94, 
14p,  NISTIR-5358. 

Keywords:  "Asbestos,  "Test  methods,  "Chemical  anal- 
ysis, Air  pollution  detection,  Quality  assurance,  Water 
pollution  detection,  Electron  microscopy,  Standard, 
Procedures,  US  NBS,  *TEM(Transmission  electron  mi- 
croscopy), Transmission  electron  microscopy,  Verified 
analysis.  National  Institute  of  Standards  and  Tech- 
nology. 

This  is  a  standard  practice  that  describes  the  proce- 
dure for  recording  information  obtained  during  a  Trans- 
mission Electron  Microscope  (TEM)  analyses  of  as- 
bestos. Included  in  this  practice  is  a  TEM  analysis  form 
that  serves  as  a  record  and  work  sheet  for  the  analyst. 
Forms  completed  according  to  this  practice  allow  for 
the  verification  of  asbestos  structures  determined  by 
two  or  more  analysts.  The  practice  is  designed  to  give 
a  uniform  recording  format  so  that  analytical  data  may 
be  compared  among  laboratories. 
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Nuclear  magnetic  resonance  spectroscopy  and  mass 
spectrometric  analysis  of  a  unique  pyoverdine-type 
siderophore  isolated  from  the  culture  filtrate  of 
Pseudomonas  fluorescens  244  reveals  a  new  natural 
amino  acid,  L-threo-beta-hydroxyhistidine,  that  func- 
tions as  an  iron(lll)  bidentate  ligand. 
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Essential  features  of  the  Neutron  Activation-Mass 
Spectrometry  (Na-MS)  technique  are  described.  Appli- 
cability of  this  technique  for  the  simultaneous  deter- 
mination of  boron  and  lithium  is  demonstrated  for  a  di- 
verse group  of  biomaterials.  This  is  a  non-destructive 
type  of  analytical  technique,  and  dynamic  in  nature 
since  its  coverage  extends  to  a  broad  range  of  con- 
centration levels.  At  the  post-irradiation  stage,  extra- 
neous contamination  by  natural  lithium  or  boron  is  non- 
existent, since  only  the  radioactive  products  are  the 
analytes  assayed.  Coupling  the  nuclear  activation  phe- 
nomenon which  generates  (4)He  and  (3)He  (from 
(10)B  and  (6)Li,  respectively),  with  the  high  accuracy 
potential  of  mass  spectrometry  forms  the  principle  of 
this  technique.  Under  ideal  conditions  the  detection 
limit  is  extendable  to  pg/g  concentration  ranges  and 
therefore,  it  is  extremely  well  suited  to  investigate  the 
natural  concentration  levels  of  boron  and  lithium  in 
biomaterials.  The  potential  of  this  method  for  the  deter- 
mination of  lithium  in  biomedical  trace  element  re- 
search investigations  is  of  special  significance  since 
determination  of  sub-ppb  levels  of  lithium  faces  serious 
analytic  difficulties  by  other  analytical  techniques  due 
to  mainly  contamination  control  and  in  some  cases 
also  to  detection  limit  problems. 
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In  order  to  study  the  transformations  of  radioiodine  in 
the  environment,  the  analytical  method  used  for  the  de- 
termination of  iodine-129  concentrations  and  of  (129)1/ 
(127)1  ratios  must  be  capable  of  measuring  concentra- 
tions down  to  the  present-day  background  level,  of 
order  100  million  atoms/gram,  with  acceptable  preci- 
sion and  low  blank.  A  neutron  activation  procedure  has 
been  developed  to  perform  reliable  concentration 
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measurements  at  this  level  in  a  few  grams  of  sample. 
(129)1/(127)1  ratios  as  low  as  6  X  10(sup  -10)  have 
been  measured.  The  procedure  described  uses  oxy- 
gen combustion  both  before  and  after  irradiation  to 
separate  iodine  from  other  elements.  Irradiation  is  per- 
formed with  optimized  fluxes  of  both  thermal  and  fast 
neutron.  Bromine-82  and  other  interferences  are  re- 
moved by  a  gas-solid  reaction  with  Hydrated  Man- 
ganese Dioxide.  High-resolution  gamma-ray  assay 
permits  small  amounts  of  induced  (130)1  to  be  meas- 
ured simultaneously  with  (126)1  produced  from  stable 
iodine  by  the  (n,2n)  reaction. 
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An  instrument  for  neutron  capture  prompt  gamma-ray 
activation  analysis  (PGAA)  has  been  constructed  as 
part  of  the  Cold  Neutron  Research  Facility  at  the  20 
MW  National  Institute  of  Standards  and  Technology 
Research  Reactor.  The  neutron  fluence  rate  (thermal 
equivalent)  is  1.5  X  10(sup  8)n/sq  cm/s  with  negligible 
fast  neutrons  and  gamma-rays.  With  compact  geom- 
etry and  hydrogen-free  construction,  the  sensitivity  is 
sevenfold  better  than  an  existing  thermal  instrument. 
Hydrogen  background  is  thirtyfold  lower. 
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We  have  investigated  the  effects  of  scattering  and  ab- 
sorption in  neutron  beam  activation  analysis  experi- 
ments, both  by  direct  measurement  and  by  Monte 
Carlo  simulation.  Significant  sensitivity  enhancements 
occur  for  thin  disks  placed  at  45  deg  to  the  beam  but 
very  much  smaller  effects  occur  for  spheres.  The 
agreement  between  measurement  and  calculation  is 
generally  good. 
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A  study  of  the  effects  of  neutron  scattering  by  hydrogen 
on  elemental  sensitivities  of  in-beam  neutron  capture 
prompt  gamma-ray  activation  analysis  (PGAA)  is  pre- 
sented. Elemental  sensitivities  (counts/s/mg)  for  H,  B, 
Na,  CI,  K,  Mn,  Br,  Ag,  Cd,  I,  Sm,  and  Gd,  increase  lin- 
early with  H  density  (g/mL).  Nine  of  the  twelve  ele- 
ments studied  undergo  1.69  +  or  -  0.18%  enhance- 
ment per  percent  increase  in  H  density.  The  enhance- 
ment of  the  sensitivity  for  H  itself  varies  with  matrix 
composition.  In  a  scattering  matrix,  elemental  sensitiv- 
ity is  also  a  function  of  target  shape.  For  several  series 


of  disk-shaped  hydrogenous  targets,  elemental  sen- 
sitivities increase  with  decreasing  target  thickness 
until,  at  some  limiting  thickness  the  probability  for  mul- 
tiple interactions  begins  to  decrease  and  this  trend  is 
reversed.  Consistent  with  theory,  sensitivities  meas- 
ured for  spherical  hydrogenous  targets  show  no  en- 
hancement. 
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Electron  microprobe  x-ray  compositional  mapping  has 
been  used  to  study  diffusion  zones  between  metal- 
metal  and  glass-metal  interfaces.  Image  analysis  tech- 
niques including  gray-level  enhancement,  product  and 
quotient  images,  and  concentration-histogram  images 
have  proven  to  be  extremely  useful  in  visualizing  the 
extent  of  diffusion.  The  qualitative  and  quantitative  in- 
formation provided  by  these  digital  acquisition  and  dis- 
play techniques  far  exceeds  what  conventional  line 
scan  and  x-ray  dot  maps  could  provide. 
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Standard  Reference  Material  484  is  an  artifact  for  cali- 
brating the  magnification  scale  of  a  Scanning  Electron 
Microscope  (SEM)  within  the  range  of  1000  x  to  20000 
x.  Seven  issues,  SRM-484,  and  SRM-484a  to  SRM- 
484f,  have  been  certified  between  1 977  and  1 992.  This 
publication  documents  the  instrumentation,  measure- 
ment procedures  and  determination  of  uncertainty  for 
SRM-484  and  illustrates  with  data  from  issues  484e 
and484f. 
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The  optical  system  used  by  Kandpal,  Vaishya,  and 
Joshi  in  their  experiments  on  coherence-induced  spec- 
tral shifts  is  analyzed  theoretically.  An  approximate 
form  for  the  cross-spectral  density  in  the  secondary 
source  plane  is  obtained,  and  it  is  shown  that,  contrary 
to  the  assertions  of  Kandpal,  Vaishya,  and  Joshi,  the 
corresponding  complex  degree  of  spectral  coherence 
in  this  plane  is  wavelength  dependent.  After  making 
some  assumptions  about  the  behavior  of  the  inter- 
ference filter  used  in  the  system,  an  approximate  form 
for  the  spectrum  of  the  light  on-axis  in  the  observation 
plane  is  obtained.  It  is  shown  that  the  peak  wave- 
lengths of  this  spectrum  do  not  agree  with  those  re- 
ported by  Kandpal,  Vaishya,  and  Joshi.  Possible  rea- 
sons for  this  disagreement  are  discussed. 
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Electron  probe  x-ray  microanalysis  (EPMA)  is  an  ele- 
mental analysis  technique  based  upon  bombarding  a 
specimen  with  a  focussed  beam  of  energetic  electrons 
(beam  energy  from  5  -  30  keV)  to  induce  emission  of 
characteristic  x-rays  (energy  range  from  0.1  - 15  keV). 
The  energy  (wavelength)  of  the  x-rays  identifies  the 
elements  present  in  the  specimen  (qualitative  analy- 
sis), and  the  x-ray  intensity  can  be  related  to  the  quan- 
tity present  (quantitative  analysis).  Elemental  coverage 
extends  from  beryllium  to  the  actinides.  Detection  limits 
are  approximately  100  parts  per  million  for  elements 
with  atomic  numbers  greater  than  10.  Spatial  distribu- 
tions of  elemental  constituents  can  be  visualized  quali- 
tatively by  x-ray  area  scans  (dot  maps)  and  quan- 
titatively by  digital  compositional  maps. 
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Spatially-resolved  analysis  of  elemental,  isotopic,  and 
molecular  constituents  is  possible  with  microanalysis 
and  nanoanalysis  techniques.  At  the  micrometer  scale 
of  spatial  resolution,  electron  probe  x-ray 
microanalysis  provides  elemental  coverage  from  Be  to 
the  actinides  with  detection  limits  in  the  range  from 
100-1000  parts  per  million  (ppm).  Secondary  ion  mass 
spectrometry  and  laser  microprobe  mass  spectrometry 
detect  all  elements  and  isotopes  with  sensitivity  from 
parts  per  billion  to  parts  per  million,  and  molecular  sig- 
nals can  also  be  detected.  Molecular  microanalysis  is 
also  performed  with  photon  detection  techniques,  in- 
cluding infrared,  fluorescence,  and  Raman 
spectroscopies.  Analytical  electron  microscopy  and 
time-of-flight  secondary  ion  mass  spectrometry  extend 
spatial  resolution  to  the  1 00-nm  spatial  level. 
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The  basic  measurement  in  quantitative  electron  probe 
microanalysis  is  the  determination  of  the  'k-value', 
which  is  the  ratio  of  the  characteristic  x-ray  intensity 
measured  for  an  unknown  to  that  measured  for  a 
standard.  Models  for  quantitative  matrix  corrections 
are  tested  on  suites  of  k-value  measurememts  which 
are  not  standardized.  A  k-value  round  robin  is  planned 
which  will  attempt  to  establish  a  new  base  of  measure- 
ments with  sufficient  accuracy  and  precision  to  permit 
adequate  testing  of  the  models.  A  proposal  for  the 
measurement  protocol  for  the  k-value  round  robin  is 
described.  This  protocol  is  critical  if  adequate  meas- 
urements are  to  be  obtained. 
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Recent  developments  in  electron  probe  microanalysis 
and  secondary  ion  mass  spectrometry  techniques  en- 
able the  analyst  to  prepare  compositional  maps  of  the 
microstructure  of  materials.  The  technique  of 
compositional  mapping  involves  performing  a  com- 
plete quantitative  analysis  at  each  beam  location  in  the 
imaged  field  of  view  on  the  specimen.  The  images  di- 
rectly convey  the  sense  of  the  spatial  distribution  and 
compositional  interrelationships  of  the  elemental  con- 
stituents in  the  microstructure.  The  images  are  sup- 
ported at  every  picture  element  by  numerical  values 
of  the  concentrations,  as  well  as  data  on  the  statistical 
precision  of  the  measurement.  The  combination  of  im- 
ages and  conventional  numerical  concentration  data 
provides  a  powerful  tool  for  microstructural  analysis. 
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Micellar  electrokinetic  capillary  chromatography 
(MECC)  was  used  to  effect  a  rapid  and  efficient  sepa- 
ration of  some  common  constituents  of  gunshot  and 
explosive  residues.  A  separation  of  26  constituents  of 
interest  was  accomplished  in  under  1 0  minutes  with  ef- 
ficiencies typically  between  200,000  and  400,000.  The 
effects  of  various  experimental  parameters  were  stud- 
ied. Sodium  dodecylsulfate  (SDS)  concentration,  pH, 
addition  of  a  tetraalkylammonium  salt,  capillary  diame- 
ter, and  injection  times  were  all  examined  in  order  to 
optimize  the  system.  It  was  found  that  capillary  diame- 
ter and  injection  time  played  an  important  role  in  im- 
proving detection  limits  and  efficiencies.  This  method 
was  applied  to  extracts  from  swabbings  of  a  .38  caliber 
and  a  .45  caliber  shell  casing  demonstrating  the  pres- 
ence of  gunshot  residues. 
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Analytical  measurements  are  increasingly  important  to 
industrial  quality  assurance  (QA)  and  to  critical  deci- 
sion making  in  such  fields  as  clinical,  nutritional,  and 
environmental  chemistry.  Several  factors  are  important 
to  attaining  analyses  that  are  reliably  accurate.  Some 


of  these  include  well-designed  methods,  trained  staff, 
adequate  instrumentation,  reliable  reference  materials, 
laboratory  QA  procedures,  and  periodic  proficiency 
testing.  The  paper  will  focus  on  the  role  of  reference 
materials  in  accurate  chemical  analysis.  Fundamental 
attributes  of  reference  materials  will  be  described  to- 
gether with  details  on  how  limits  of  uncertainty  are  es- 
tablished for  certified  values.  Examples  will  be  drawn 
from  materials  recently  certified  at  NIST.  Besides  in- 
dustrial examples,  such  as  new  alloys  and  construction 
materials  such  as  cement  and  glass,  recent  clinical, 
nutritional,  and  environmental  certifications  will  be 
cited.  Matrices  for  these  types  of  materials  are  very 
wide-ranging  and  includes  human  serum  (for  vitamins 
in  serum,  in  whole  egg  powder,  and  in  diet  material), 
lead  in  reference  fuel,  organics  in  cod  liver  oil,  and  sev- 
eral others. 
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The  International  Organization  of  Standardization 
(ISO)  recently  created  a  new  Technical  Committee 
(ISO/TC  201)  on  Surface  Chemical  Analysis  in  re- 
sponse to  a  proposal  from  Japan.  As  of  February  1 993, 
ten  national  standards  bodies  had  indicated  willing- 
ness to  become  participating  members  of  ISO/TC  201 
(Austria,  China,  Germany,  Italy,  Japan,  Russia.  Swe- 
den, Turkey,  the  United  Kingdom  and  the  United 
States  of  America)  and  fifteen  national  standards  bod- 
ies had  indicated  willingness  to  become  observer 
members  (Australia,  Belgium,  Egypt,  Finland,  France, 
India,  Ireland,  Korea,  Norway,  Philippines,  Poland,  Ro- 
mania, Singapore,  South  Africa  and  Switzerland).  The 
following  subcommittees  are  planned:  Terminology; 
General  Procedures;  Data  Management  and  Treat- 
ment; Depth  Profiling;  Auger  Electron  Spectroscopy; 
Secondary  Ion  Mass  Spectrometry  and  X-ray 
Photoelectron  Spectroscopy.  ISO/TC  201  will  develop 
international  standards  and  will  consider  standards 
and  documents  prepared  by  other  groups  as  potential 
international  standards.  Information  is  given  in  this  arti- 
cle on  the  purpose,  structure  and  planned  work  of  ISO/ 
TC  201. 
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Characteristic  M  x-ray  tube  target  lines  and  some 
minor  L-series  lines  have  been  added  to  a  previously 
developed  National  Institute  of  Standards  and  Tech- 
nology (NIST)  algorithm  for  calculation  of  the  output 
spectral  distributions  from  x-ray  tubes.  This  algorithm 
is  used  in  first  principle  calculations  for  correction  of 
interelement  effects  in  quantitative  x-ray  fluorescence 
analysis.  The  M  lines  from  x-ray  tube  targets  such  as 
W  and  Au  can  be  important  for  excitation  of  low  atomic 
number  elements  in  some  applications.  Also,  minor  L- 
series  lines  have  been  added  to  give  a  more  complete 
description  of  the  L-series  in  the  calculated  output 
spectral  distribution. 
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Kinetic  energy  distributions  have  been  used  to  evalu- 
ate the  extent  to  which  gas  phase  decompositions  con- 
tribute to  the  production  of  fragment  ions  in  organic 
secondary  ion  mass  spectra.  Molecular  kinetic  energy 
distributions  demonstrate  that  many  fragment  ions 
have  a  prominent  gas  phase  component  which  may 
account  for  as  much  as  50%  of  the  observed  fragment 
ion  signal  obtained  in  a  double  focussing  mass  spec- 
trometer. 
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An  ion  microscope  equipped  with  a  resistive  anode 
encoder  imaging  system  has  been  used  to  acquire  mo- 
lecular secondary  ion  images,  with  lateral  resolutions 
on  the  order  of  1  micrometer,  from  several  quaternary 
ammonium  salts,  an  amino  acid,  and  a  polynuclear  ar- 
omatic hydrocarbon,  which  were  deposited  onto  cop- 
per transmission  electron  microscope  grids.  All  images 
were  generated  using  the  secondary  ion  signal  of  the 
parent  molecular  species.  The  primary  ion  dose  de- 
pendence of  parent  and  fragment  molecular  ion  signal 
decays  indicate  that,  for  many  bulk  organic  com- 
pounds, bombardment-induced  fragmentation  of  par- 
ent molecules  reaches  a  saturation  at  primary  ion 
doses  of  1-8  x  10(sup  14)  ions/sq  cm.  Subsequent  ion 
impacts  do  not  significantly  contribute  to  further  accu- 
mulation of  damage  in  the  sample,  resulting  in 
desorption  of  intact  parent  molecular  ions  even  after 
prolonged  ion  bombardment.  This  saturation  process 
allows  molecular  images  to  be  obtained  at  high  primary 
ion  doses  and  allows  depth  profiles  to  be  obtained  from 
simple  molecular/metal  test  structures. 
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Often,  data  from  several  different  chemical  analysis 
methods  must  be  combined  to  form  an  overall  mean 
value  and  uncertainty.  However,  the  data  from  these 
different  methods  frequently  do  not  agree  when  a  sta- 
tistical comparison  is  done,  so  taking  a  simple  average 
of  all  of  the  individual  observations  is  inappropriate. 
Computation  of  a  weighted  mean  and  corresponding 
uncertainty  that  take  into  consideration  the  random 
measurement  error  within  each  method  as  well  as  the 
disagreement  between  methods  will  be  described.  Ex- 
amples of  this  approach,  applied  to  the  certification  of 
NIST's  Standard  Reference  Materials,  will  be  given. 
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The  construction  of  a  device  for  regulating  column  tem- 
perature in  liquid  chromatography  (LC)  is  described. 
The  device  is  based  on  the  thermoelectric  cooling  prin- 
ciple, and  utilizes  four  thermoelectric  heat  exchangers 
placed  in  contact  with  an  aluminum  block.  This  block 
is  machined  to  accept  commercial  LC  columns.  In  the 
cooling  mode,  temperatures  in  the  range  .25  to  17  C 
are  possible  using  'tap  water1  (17  C)  at  a  flow  rate  of 
1.25  L/min.  Although  the  main  purpose  of  this  device 
is  cool  LC  columns,  elevated  temperatures  are  pos- 
sible (maximum  temperature,  99  C)  by  reversing  the 
polarity  of  the  power  supply  output.  The  column  cooling 
device  provides  an  economical,  compact  and  portable 
means  of  controlling  column  temperature.  The  design 
allows  for  maximum  flexibility  in  use  and  permits  the 
device  to  be  moved  between  instruments  with  little  ef- 
fort, as  the  need  arises. 
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Reversed-phase  liquid  chromatographic  selectivity  for 
steroid  isomers  was  found  to  change  as  a  function  of 
both  temperature  and  mobile-phase  composition.  The 
influence  of  the  stationary  phase  was  studied  by  inves- 
tigating retention  and  selectivity  on  a  number  of  dif- 
ferent monomeric  and  polymeric  C18  stationary  phase 
materials,  as  well  as  beta-cyclodextrin  based  phases. 
Three  steroid  isomers,  i.e..  equilin,  17  alpha-  and  17 
beta-estradiol,  were  chosen  as  probe  solutes  to  illus- 
trate the  dramatic  effect  of  changes  in  mobile-phase 
composition.  Selectivity  of  androstane  standards  on  a 
polymeric  C18  phase  was  compared  to  selectivity  on 
liquid  crystalline  phase  in  supercritical  fluid  chroma- 
tography (SFC).  Although  liquid  crystalline  and  poly- 
meric C18  phases  have  similar  shape-selectivity  for 
certain  classes  of  solutes,  such  as  polycyclic  aromatic 
hydrocarbons  (PAHs),  different  trends  were  observed 
for  androstane  isomers. 
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Automated  constant-current  coulometry,  based  on 
Faraday's  Laws,  achieves  uncertainties  (relative 
standard  deviation)  of  less  than  1  part  in  20,000  with- 
out chemical  standardization.  It  is  applicable  to  acid- 
base,  redox,  and  precipitation  titrations  of  high-purity 
compounds  and  solutions.  Automation  of  the  technique 
permits  unsupervised  operation  and  reduces  operator- 
dependent  errors.  Initial  setup  and  sample  introduction 
are  the  sole  manual  steps.  Each  assay  consists  of  a 
main  titration  at  high,  constant  current,  bracketed  by 


the  initial  and  final  endpoint  routines,  each  at  a  lower 
current.  The  coulometric  assay  is  analogous  to  a  con- 
ventional titration  in  which  two  different  concentrations 
of  the  titrant  are  used  to  attain  optimum  accuracy.  The 
initial  endpoint  determination  corresponds  to  the  blank 
determination  in  a  classical  titration.  Each  titration  in- 
cludes a  statistical  analysis  of  the  random  and  system- 
atic uncertainties  associated  with  the  analysis.  Individ- 
ual steps  in  the  procedure  are  performed  by  a  hier- 
archical series  of  subroutines  to  reduce  program  com- 
plexity. Results  are  presented  for  K2Cr207,  benzoic 
acid,  and  solutions  of  strong  acids. 
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Automated  constant-current  coulometric  acidimetry, 
based  on  Faraday's  Laws,  is  uncertain  to  less  than  1 
part  in  20,000  (relative  standard  deviation)  and  re- 
quires no  chemical  standardization.  It  is  applicable  to 
strong  and  weak  acids  and  bases,  with  bases  back- 
titrated  after  addition  of  excess  strong  acid.  Initial  setup 
and  sample  introduction  are  the  sole  manual  steps.  As- 
says of  HCI,  benzoic  acid,  Na2C03,  and 
tris(hydroxymethyl)aminomethane  are  presented.  In 
the  endpoint  determination  procedure,  a  generalized  ti- 
tration equation  yields  the  theoretical  charge  remaining 
to  the  endpoint  before  each  charge  addition.  The  ratio 
of  the  experimental  to  the  theoretical  charge  for  the 
preceding  aliquot  corrects  for  experimental  deviations. 
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An  architecture  has  been  developed  to  facilitate  the 
creation  of  automated  chemical  analysis  systems.  This 
architecture  is  based  upon  the  functionality  of  the  tradi- 
tional analytical  chemistry  organization,  with  auto- 
mated entities  specified  to  anthropomorphically  fill  the 
roles  of  the  client  for  the  chemical  information,  the  ex- 
pert analyst,  the  laboratory  manager  and  the  bench 
chemist.  Standard  interfaces  between  these  entities 
are  in  the  process  of  being  designed.  These  interfaces, 
when  coupled  with  standard  entity  behaviors,  will  allow 
for  a  modular  'plug-and-play'  systems  integration  envi- 
ronment. This  paper  describes  the  architecture  as  it  is 
currently  understood  and  outlines  the  plan  for  its  fur- 
ther evolution. 
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A  variety  of  bonded  phase  parameters  (endcapping, 
phase  chemistry,  ligand  length,  and  substrate  param- 


eters) were  studied  for  their  effect  on  column  retention 
and  selectivity  toward  carotenoids.  Decisions  were 
made  on  how  each  of  these  variables  should  be  opti- 
mized based  on  the  separation  of  carotenoid  and 
polycyclic  aromatic  hydrocarbon  test  probes.  A  column 
was  designed  with  the  following  properties:  high  abso- 
lute retention,  enhanced  shape  recognition  of  struc- 
tured solutes,  and  moderate  silanol  activity.  The  effec- 
tiveness of  this  'carotenoid  phase'  was  demonstrated 
for  the  separation  of  a  mixture  of  structurally  similar  ca- 
rotenoid standards,  an  extract  of  a  food  matrix  Stand- 
ard Reference  Material,  and  a  beta-carotene  dietary 
supplement  under  consideration  as  an  agent  for  can- 
cer intervention/prevention. 

00,579 

PB95-1 50256       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSTL), 

Gaithersburg,  MD.  Organic  Analytical  Research  Div. 

Shape    Selectivity    Assessment   of  Stationary 

Phases  in  Gas  Chromatography. 

Final  rept. 

L.  C.  Sander,  M.  Schneider,  S.  A.  Wise,  and  C. 
Woolley.  1994,  11  p. 

Pub.  in  Jnl.  of  Microcol.  Sep.  6,  p1 15-1 25  1994. 

Keywords:  'Gas  chromatography,  'Separation  proc- 
esses, 'Distillation  equipment,  Solutes,  Aromatic 
polycyclic  hydrocarbons,  Liquid  crystals,  Phase 
stability(Materials),  Reprints,  'Shape  selectivity,  Meth- 
yl polysiloxane. 

Column  selectivity  is  examined  for  a  series  of  smectic 
liquid  crystalline  columns  and  is  compared  with  methyl 
and  C18  polysiloxane  columns  for  the  separation  of 
polycyclic  aromatic  hydrocarbon  (PAH)  isomers.  A  set 
of  extended  and  condensed  solute  probes  is  described 
that  provides  a  sensitive  indication  of  variations  in  col- 
umn shape  selectivity.  Examples  of  shape  selectivity 
differences  are  presented  for  smectic  liquid  crystalline 
columns  and  5%  phenyl  polysiloxane  columns  using 
various  PAH  isomer  sets.  Variations  in  selectivity  have 
been  observed  among  different  smectic  liquid  crys- 
talline columns,  and  this  problem  appears  more  signifi- 
cant than  for  methyl  polysiloxane  columns.  The  selec- 
tivity ratio  fortetraphenylmethane  and  p-terphenyl  pro- 
vides a  sensitive  indication  of  column  shape  selectivity, 
with  a  change  in  elution  order  occurring  between  or- 
dered (smectic  liquid  crystalline)  columns  and  non-or- 
dered (methyl  polysiloxane)  columns.  Shape  selectivity 
differences  indicated  by  this  test  mixture  are  apparent 
for  more  complex  PAH  isomer  mixtures.  Despite  sta- 
tionary phase  selectivity  variability,  smectic  liquid  crys- 
talline columns  offer  considerable  potential  for  solving 
difficult  separation  problems  involving  structured 
solutes. 
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We  report  the  first  monolithic  tin  oxide  (Sn02)  gas  sen- 
sor realized  by  commercial  CMOS  foundry  fabrication 
(MO-SIS)  and  post-fabrication  processing  techniques. 
The  device  is  composed  of  a  sensing  film  that  is  sput- 
ter-deposited on  a  silicon  micromachined  hotplate.  The 
fabrication  technique  requires  no  masking  and  utilizes 
in-situ  process  control  and  monitoring  of  film  resistivity 
during  film  growth.  Gas  sensor  responses  of  pure 
Sn02  films  to  H2  and  02  with  an  operating  tempera- 
ture of  350  C  are  reported.  The  fabrication  methodol- 
ogy allows  integration  of  an  array  of  gas  sensors  of 
various  films  with  separate  temperature  control  for 
each  element  in  the  array,  and  circuits  for  a  low-cost 
CMOS-based  gas  sensor  system. 
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A  set  of  four  fluorescent  standards  has  been  produced 
and  calibrated  at  the  National  Institute  of  Standards 
and  Technology  (NIST)  for  corrected  relative  spectral 
emission  over  the  wavelength  range  from  400  to  740 
nm.  This  new  Standard  Reference  Material  (SRM) 
1931  has  been  produced  in  the  form  of  sintered  mix- 
tures of  inorganic  phosphors  and 
polytetrafluorethylene  (PTEE)  powder  for  spectral  re- 
sponse calibration  of  spectrofluorimeters  used  in  biol- 
ogy, medicine  and  studies  of  molecular  structure.  They 
provide  a  means  for  correcting  spectrofluorimeter  er- 
rors due  to  wavelength  dependencies  of  optics, 
monochromators,  and  detectors,  thus  permitting 
meaningful  intercomparison  of  results  obtained  in  dif- 
ferent laboratories. 
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Partial  pressure  or  residual  gas  analyzers  are  often  in- 
valuable for  materials  and  contamination  studies.  How- 
ever, some  instrument  design  features  and  combina- 
tion of  operating  parameters  can  cause  performance 
features  quite  different  from  what  many  users  expect. 
These  unexpected  performance  characteristics  can  in- 
clude pressure-dependent  sensitivities,  the  sensitivity 
for  one  gas  depending  on  the  pressures  of  other 
gases,  and  time-dependent  sensitivities  after  operation 
with  gases  such  as  oxygen  or  water.  These  character- 
istics can  greatly  complicate  instrument  calibration  and 
can  cause  errors  as  large  as  two  orders  of  magnitude. 
This  paper  discusses  measured  performance  charac- 
teristics for  different  partial  pressure  analyzers  that  il- 
lustrate a  wide  range  of  performances  from  the  dif- 
ferent instruments,  as  well  as  several  features  that 
seem  to  be  common  to  most  instruments. 
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A  high-performance  liquid  chromatographic  (HPLC) 
method  is  described  that  allows  improved  resolution  of 
several  chemotaxonomically  significant  phytoplankton 
pigments.  The  protocol,  which  employs  two  pumps  and 
a  modified  Mantoura  and  Llewellyn  (1983)  solvent  sys- 
tem, can  be  easily  adapted  for  many  HPLC  systems 
currently  in  use.  The  most  unique  aspect  of  the  method 
is  the  use  of  a  polymeric  C18  reversed-phase  HPLC 
column  (VYDAC  201  TP).  In  comparison  to  the  mono- 
meric  C18  columns  typically  used  in  the  characteriza- 
tion of  phytoplankton  pigments,  polymeric  C18  col- 


umns offer  superior  selectivity  for  structurally  similar 
compounds.  The  protocol  was  evaluated  for  the  ability 
to  resolve  most  of  the  phytoplankton  pigments  of  diag- 
nostic importance  using  algal  cultures  from  nine  class- 
es. Pigment  pairs  that  were  resolved  by  the  method 
include  (1)  lutein  and  zeaxanthin,  (2)  neoxanthin  and 
19'-hexanoyloxyfucoxanthin,  and  (3)  alpha-carotene 
and  beta-carotene,  and  partial  resolution  of  chlorophyll 
C1  and  chlorophyll  C2. 
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Many  factors  influence  the  preparation  and  quality  of 
graphite  targets  for  (14)C  accelerator  mass  spectrom- 
etry (AMS).  We  identified  four  factors  (sample  size,  H2 
pressure,  catalyst  temperature  and  pretreatment  time) 
as  potentially  critical,  and  investigated  their  effects  on 
two  particular  characteristics:  the  integrated  rates  of 
C02  reduction  (to  graphite)  and  methane  production. 
We  used  a  2-level  fractional  factorial  experimental  de- 
sign and  determined  chemical  reduction  yield  rates 
through  manometry  and  partial  pressure  monitoring  of 
residual  gases  by  mass  spectrometry.  Chemical  reduc- 
tion yield  rates  ranged  from  0.2%  to  6.2%  per  hour. 
With  respect  to  their  influence  on  percent  yield  rate, 
the  factors  we  studied  were  ordered  as:  sample  size 
>  level  of  hydrogen  >  pretreatment  of  the  catalyst.  The 
temperature  of  the  catalyst,  and  the  sample  size  x  hy- 
drogen (2-factor)  interaction,  were  only  marginally  in- 
fluential. We  estimated  uncertainty  in  the  order  of  influ- 
ence and  magnitudes  of  the  effects  by  the  Monte  Carlo 
method  of  error  propagation.  We  observed  significant 
methane  production  in  only  one  experiment,  which 
suggests  that  methane  originates  from  indigenous  car- 
bon in  untreated  iron  catalyst  only  in  the  presence  of 
hydrogen  and  only  at  thermodynamically  favorable 
temperatures.  This  exploratory  investigation  indicates 
that  factorial  design  techniques  are  a  useful  means  to 
investigate  multivariate  effects  on  the  preparation  and 
quality  of  AMS  graphite  targets. 
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Reversed-phase  liquid  chromatography  (LC)  using  flu- 
orescence detection  is  a  powerful  analytical  technique 
for  the  measurement  of  polycyclic  aromatic  hydro- 
carbons (PAHs)  in  environmental  samples.  The  NIST 
experience  in  the  use  of  LC  for  the  determination  of 
PAHs  in  environmental  samples  is  summarized  in  the 
paper  including:  selection  of  the  appropriate  column, 
approaches  to  analyzing  complex  PAH  mixtures,  and 
the  accurate  quantitation  of  PAHs  in  environmental 
samples. 
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Recent  activities  at  the  National  Institute  of  Standards 
and  Technology  (NIST)  related  to  the  development  of 
standard  reference  materials  (SRMs)  for  the  deter- 
mination of  polycyclic  aromatic  hydrocarbons  (PAHs) 
are  described.  These  activities  include:  (1)  the  devel- 
opment of  four  new  calibration  solution  SRMs,  a  ma- 
rine sediment  SRM,  and  a  frozen  mussel  tissue  SRM; 
(2)  noncertified  measurements  of  PAHs  for  two  addi- 
tional sediment  SRMs;  and  (3)  the  establishment  of  ref- 
erence Ames  bioassay  mutagenicity  values  on  three 
existing  SRMs.  Activities  in  progress  include  the 
recertification  of  the  existing  air  particulate  and  diesel 
particulate  SRMs  and  the  preparation  of  a  new  diesel 
particulate  extract  SRM. 
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Fresh  frozen  homogenates  of  pilot  whale  blubber  and 
liver  tissue  were  prepared  for  use  as  control  materials 
for  the  determination  of  organic  and  inorganic  contami- 
nants in  marine  mammal  tissue  analyses.  The  blubber 
material  was  analyzed  to  determine  30  polychlorinated 
biphenyl  congeners  and  16  chlorinated  pesticides 
using  gas  chromatography  with  electron  capture  detec- 
tion and  gas  chromatography-mass  spectrometry.  A 
total  of  39  trace  elements  and  methyl-mercury  were 
determined  in  the  liver  homogenate  using  instrumental 
neutron  activation  analysis,  voltammetry,  and  cold 
vapor  atomic  absorption  spectroscopy.  The  prepara- 
tion and  analysis  of  these  two  tissue  materials  are  part 
of  the  development  of  marine  mammal  tissue  ref- 
erence materials. 
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Using  a  high-resolution  Si(Li)  spectrometer  to  perform 
X-ray  fluorescence  (XRF)  analysis  of  various  geologi- 
cal, alloy,  and  paint  samples,  we  have  demonstrated 
that  in  situations  where  quantitative  information  is  not 
the  primary  concern,  a  pattern-recognition  approach 
may  be  used  to  obtain  qualitative  results  very  quickly 
and  efficiently.  Specifically,  the  pattern-recognition 
technique  uses  a  single  parameter,  the  normalized  cor- 
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relation  coefficient,  to  identify  and  select  samples  with 
similar  chemical  compositions  from  their  raw  XRF 
spectra.  The  algorithm  can  be  easily  implemented  on 
a  personal  computer;  typically  it  takes  only  a  few  sec- 
onds to  perform  the  pairwise  comparison  of  9  or  10 
spectra.  We  report  here  the  results  of  our  attempt  to 
extend  the  pattern-recognition  technique  to  the  analy- 
sis of  low-resolution  XRF  spectra  from  a  proportional 
counter  where  the  spectral  information  is  considerably 
poorer  than  that  of  the  Si(Li)  detector.  Analyzing  the 
XRF  spectra  obtained  from  a  set  of  geological  samples 
both  in  air  and  in  vacuum,  we  find  that  even  with  a  pro- 
portional counter  the  pattern-recognition  technique  can 
nevertheless  satisfactorily  identify  samples  with  similar 
chemical  compositions. 
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Analyses  of  selected  tissues  from  the  Alaska  Marine 
Mammal  Tissue  Archival  Project  (AMMTAP)  have  pro- 
vided comprehensive  information  related  to  levels  of 
36  trace  elements  and  methyl-mercury  in  marine  mam- 
mal tissues.  Liver,  kidney  and  muscle  tissues  from  two 
northern  fur  seals,  four  ringed  seals  and  six  belukha 
whales  were  analyzed.  The  bulk  of  the  investigated  tis- 
sues and  additional  tissues  from  a  total  of  65  marine 
mammals  are  banked  in  the  AMMTAP.  The  results  are 
compared  to  literature  values  for  trace  element  con- 
centrations in  marine  mammal  tissues  and  their  rel- 
evance to  environmental  studies  is  discussed. 
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Ultrathin-layer  rehydratable  gels  were  surface  loaded 
and  run  in  the  horizontal  position  to  study  effects  of 
mobility  modification  of  DNA.  Mobility  modification  of 
DNA  fragments  was  achieved  by  the  addition  of 
nonpolar  monosaccharides  and  their  corresponding 
sugar  alcohols  as  well  as  glycerol  and  ethylene  glycol 
in  the  leading  ion  buffer.  These  compounds  show  little 
effect  when  included  in  the  trailing  ion  buffer. 
Disaccharides  show  no  mobility  modification.  Trailing 
ions  such  as  serine  and  members  of  the  Good  buffer 
series  reduced  also  the  R(sub  F)  of  double-  or  single- 
stranded  DNA.  While  beta-alanine  had  no  effect,  ser- 
ine and  members  of  the  Good  buffer  series,  particularly 
MOPSO,  showed  a  marked  ability  to  decrease  the 
R(sub  F),  presumably  due  to  changing  the  unstacking 
limits.  Rapid  separation  of  sequencing  gels  with  high 
resolution  was  achieved  with  discontinuous  buffer  sys- 
tems. The  potential  methodology  for  high-resolution 
scanning  of  gels  as  DNA  zones  unstack  from  moving 
boundary  is  suggested. 

00,591 

PB95-152815       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 


Single-Photon  Ionization  and  Detection  of  Ga,  In, 
and  As(sub  n)  Species  in  GaAs  Growth. 

Final  rept. 

A.  L.  Alstrin,  P.  G.  Strupp,  L.  Cook,  and  S.  R.  Leone. 
1993,  11  p. 

Contract  AFOSR90-0166 

Pub.  in  Proceedings  of  Society  of  Photo-Optical  Instru- 
mentation Engineers:  Laser  Techniques  for  State-Se- 
lected and  State-to-State  Chemistry,  Los  Angeles, 
CA.,  January  21-23,  1993,  v1858  p367-377.  Spon- 
sored by  Air  Force  Office  of  Scientific  Research, 
Boiling  AFB,  DC. 

Keywords:  "Molecular  beam  epitaxy,  "Gallium 
arsenides,  "Indium,  "Gallium,  "Arsenic,  "Mass  spec- 
troscopy, Time-of-flight  method,  Far  ultraviolet  radi- 
ation, Real  time  operations,  Monitoring,  Ionization, 
Laser  radiation,  Desorption,  Silicon,  Reprints. 

Single  photon  ionization  time-of-flight  mass  spectros- 
copy (SPI-TOFMS)  is  used  to  monitor  chemical  fluxes 
of  In,  Ga,  and  As(n),  relevant  in  molecular  beam 
epitaxy  of  GaAs.  With  single  photon  ionization  at  118 
nm  (10.5  eV),  the  photon  energy  is  large  enough  to 
ionize  the  species,  but  not  sufficient  to  ionize  and  frag- 
ment. The  lack  of  molecular  dissociation  of  species 
such  as  As2  and  As4  greatly  simplifies  the  interpreta- 
tion of  mass  spectra.  SPI-TOFMS  provides  the  ability 
to  measure  densities,  and  hence  fluxes,  of  multiple 
chemical  species  above  a  substrate  noninvasively  and 
in  real  time  during  conventional  molecular  beam 
epitaxy.  The  relative  ionization  efficiencies  of  Ga  and 
the  As(n)  species  at  118  nm  are  determined.  Addition- 
ally, this  laser  probing  technique  is  used  to  study  the 
isothermal  and  temperature  programmed  desorption  of 
arsenic  from  Si(1 00).  The  catalytic  cracking  of  As4  on 
Si  is  also  examined  and  discussed.  This  technique 
promises  to  be  a  valuable  in-situ  optical  diagnostic  for 
lll-V  and  ll-VI  molecular  beam  epitaxy. 
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This  is  a  review  of  the  role  of  inorganic  mass  spectrom- 
eters in  Chemical  Metrology.  It  discusses  measure- 
ments by  isotope  dilution  mass  spectrometry,  and  how 
it  contributes  to  precision  and  accuracy  in  Chemical 
Metrology  and  the  Certification  of  Reference  Material. 
It  also  reviews  reference  materials  available  for  geol- 
ogy and  geochronology. 
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A  liquid  chromatographic  (LC)  has  been  developed  for 
the  quantitative  measurement  of  the  six  major 
carotenoids  in  human  serum  (lutein,  zeaxanthin,  beta- 
cryptoxanthin,  lycopene,  alpha-carotene,  and  beta-car- 
otene) as  well  as  retinol,  retinyl  palmitate,  alpha-to- 
copherol,  gamma-tocopherol,  and  delta-tocopherol. 
Several  polar  carotenoids,  2',3'-anhydrolutein,  alpha- 
cryptoxanthin,  and  geometric  isomers  of  lycopene  and 
beta-carotene  are  also  separated.  Retinoids  and 
carotenoids  are  monitored  using  a  programmable  ul- 
traviolet-visible detector,  while  tocopherols  are  mon- 
itored using  a  fluorescence  detector.  The  method  uses 
a  gradient  containing  acetonitrile,  methanol,  and  ethyl 
acetate.  Ammonium  acetate  is  introduced  with  the 


methanol  to  minimize  carotenoid  losses  on  the  LC  col- 
umn aggravated  by  the  use  of  acetonitrile  and  ethyl  ac- 
etate. The  method  is  also  applicable  to  the  analysis  of 
foods. 
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Fractional  dispersed  phase  hold-up  and  dispersed  side 
mass  transfer  coefficients  for  bovine  serum  albumin 
(BSA)  and  amyloglucosidase  were  measured  in  22,  34, 
50,  56,  70  and  95  mm  i.d.  spray  columns  using  salt- 
polyethylene  glycol  (potassium  phosphate-PEG  and 
sodium  sulphate-PEG)  systems.  The  effect  of  distribu- 
tor design  and  column  height  was  investigated.  The  ef- 
fect of  phase  compositions  of  the  aqueous  phase  sys- 
tem was  also  studied.  Empirical  and  semiempirical  cor- 
relations have  been  developed  for  fractional  dispersed 
phase  hold-up  and  dispersed  side  mass  transfer  coeffi- 
cients. 
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Recovery  of  a  model  protein,  bovine  serum  albumin 
(BSA),  was  demonstrated  in  a  spray  column  contractor 
using  immiscible  aqueous  phases,  composed  of  poly- 
ethylene glycol  (PEG)  and  maltodextrin  (MDX).  Dis- 
persed phase  (PEG)  hold-up  and  protein  transfer  coef- 
ficients were  measured  in  a  22  mm  and  a  32  mm  i.d. 
spray  columns  using  several  designs  of  spargers.  Pro- 
tein transfer  coefficients  were  greater  in  the  PEG/ 
maltodextrin  system  than  those  encountered  in  PEG/ 
dextran  systems.  Empirical  correlations  have  been 
proposed  for  mass  transfer  coefficients  and  PEG-hold- 
ups. 
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Solute  retention  in  reversed-phase  liquid  chroma- 
tography is  the  result  of  a  variety  of  complex  inter- 
actions between  solute,  mobile  phase  and  stationary 
phase  species.  An  understanding  of  the  parameters 
that  influence  retention  is  useful  in  the  development  of 
separation  methods  with  existing  columns.  Such 
knowledge  is  even  more  important  for  the  design  of 
new  bonded  stationary  phases  with  engineered 
chromatographic  properties.  This  review  will  examine 
some  of  the  factors  that  affect  retention  and  selectivity 
with  alkyl-modified  sorbents,  particularly  for  the  sepa- 
ration of  solutes  with  well  defined,  rigid  structure  (e.g., 
polycyclic  aromatic  hydrocarbons).  The 
chromatographic  discrimination  of  compounds  on  the 
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basis  of  molecular  structure,  namely  'shape  selectivity', 
will  be  studied  in  terms  of  contributions  from  bonded 
phase  morphology,  and  in  terms  of  operational  condi- 
tions. An  emphasis  is  placed  on  practical  choices  that 
are  available  to  control  selectivity  and  optimize  separa- 
tions for  isomers  and  related  mixtures. 
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Combinations  of  biological  techniques  with  neutron  ac- 
tivation analysis  (NAA)  can  be  employed  for  protein 
quantification  in  biological  samples.  A  protein  of  inter- 
est can  be  isolated  physically  with  a  high  resolution 
separation  technique  such  as  polyacrylamide  gel 
electrophoresis  (PAGE)  or  by  immunochemical  prop- 
erties, such  as  with  a  specific  antibody-antigen  reac- 
tion. NAA  is  then  used  for  quantification  of  the  isolated 
protein  by  determining  either  an  element  that  is  struc- 
turally intrinsic,  or  one  that  has  been  introduced  as  a 
label.  An  example  of  the  former  method  is  the  deter- 
mination of  phosphoproteins  by  PAGE/NAA.  This 
method  is  discussed  and  results  for  two 
phosphoproteins,  alpha-casein  and  phosvitin,  are  pre- 
sented for  several  materials,  including  an  alpha-casein 
concentration  of  26  mg/mL  in  low-fat  milk,  and  a  phos- 
vitin concentration  of  4.7  mg/mL  in  whole  egg  powder 
(lyophilized).  The  second  method  presented  is  an 
immunoassay  combining  a  colloidal  gold  tag  with  de- 
tection by  NAA. 
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A  cathodic  sputtering  atom  reservoir  designed  for 
atomic  absorption  spectroscopy  of  conducting  solid 
samples  is  examined  as  a  potential  sampling  device 
for  trace  and  ultra-trace  detection  using  laser-induced 
fluorescence  (LIF)  spectrometry.  The  analytical  results 
are  promising,  with  sub-(micro)g/g  sensitivity  for  the 
model  analyte  (Fe)  in  brass  samples,  and  with  reason- 
able precision  and  accuracy  (+  or  - 1 5%)  for  the  pulsed 
laser  system  used,  but  with  far  less  sensitivity  than 
might  be  predicted.  Noise  studies  clearly  indicate  that 
laser-induced  background  fluorescence  is  the  principal 
limiting  noise  source.  Fundamental  material  transport 
studies  indicate  that  diffusional  loss  of  atomic  number 
density  to  the  walls  is  of  much  less  importance  than 
the  background  fluorescence  in  determining  the  sen- 
sitivity of  the  system.  Extrapolations  based  on  cell/ex- 
periment design  to  maximize  number  density  and  mini- 
mize background  emission  and  fluorescence  promise 
ng/g  sensitivities  for  future  implementations. 
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Recent  developments  in  the  chemical  synthesis  of 
DNA-binding  dyes  have  enhanced  detection  of  polym- 
erase chain  reaction  (PCR)  products  by  capillary 
electrophoresis.  These  dyes  are  dimers  of  thiazole  or- 
ange (TOTO)  or  oxazole  orange  (YOYO)  and  have  a 
very  high  binding  affinity  for  DNA.  These  dyes  show 
enhanced  fluorescence  signals  when  they  bind  to  dou- 
ble-stranded DNA  and  their  fluorescence  in  the  un- 
bound state  is  almost  zero,  making  them  extremely 
useful  in  detecting  minute  (fg)  quantities  of  DNA.  We 
report  here  the  utility  of  these  dyes  in  DNA  typing  appli- 
cations using  a  laser-induced  fluorescence  detector  in 
conjunction  with  a  capillary  electrophoresis  system. 
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The  properties  of  diode  lasers  that  make  them  attrac- 
tive as  spectroscopic  sources  are  discussed,  along 
with  the  use  of  extended  cavities  to  enhance  their  tun- 
ing range  and  reduce  their  linewidths.  Semiconductors 
can  now  provide  efficient,  tunable,  narrow  linewidth 
laser  light  over  much  of  the  red  and  near  infrared  re- 
gion of  the  spectrum.  The  progress  in  using  nonlinear 
optics  to  extend  the  useful  wavelength  range  of  diodes 
lasers  is  also  considered.  Our  recent  analytical  work 
with  diode  laser  spectroscopy  provides  examples  of 
their  application. 
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This  work  describes  a  new  spectroscopic  optical  fiber/ 
rod  sensor  for  in  situ  real  time  measurement  of  product 
concentrations  in  bioreactors.  The  variable  excitation/ 
emission  wavelength  capability  of  this  sensor  allows 
for  species  selective  measurement  during  fermenta- 
tions. Product  concentrations  (tetracycline)  have  been 
measured  in  high  cell  mass  fermentation  media  of 
Streptomyces  aureofaciens  with  5%  (w/v)  soybean 
meal.  By  using  multiple  excitation  wavelengths  (390 
and  413  nm)  the  linear  measurement  range  was  ex- 
tended to  8160  microgram/ml  at  cell  densities  of  great- 
er than  50  g/l  dry  weight.  The  sensor  is  robust,  able 
to  undergo  many  cycles  of  in  situ  steam  sterilization 
without  degradation,  and  its  fluorescence  signal  is  lin- 
ear with  concentration  for  all  species  studied  in  this 
work. 
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An  instrument  for  prompt  gamma-ray  activation  analy- 
sis is  now  in  operation  at  the  NIST  Cold  Neutron  Re- 
search Facility  (CNRF).  The  cold  neutron  beam  is  rel- 
atively free  of  contamination  by  fast  neutrons  and  reac- 
tor gamma  rays,  and  the  neutron  fluence  rate  is  1.5 
(center  dot)  10(exp  8)/sq  cm  (center  dot)  s  (thermal 
equivalent).  As  a  result  of  a  compact  target-detector 
geometry,  the  sensitivity  is  better  by  a  factor  of  as 
much  as  seven  than  that  obtained  with  an  existing  ther- 
mal instrument,  and  hydrogen  background  is  a  factor 
of  50  lower.  We  have  applied  this  instrument  to 
multielement  analysis  of  the  Allende  meteorite  and 
other  materials. 
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The  effects  of  neutron  scattering  by  hydrogen  within 
targets  for  cold  neutron  prompt  gamma-ray  activation 
analysis  (CNPGAA)  have  been  characterized.  For 
most  targets  studied,  the  probability  for  neutron  ab- 
sorption, and  hence  CNPGAA  sensitivities  (counts 
(center  dot)  1/s  (center  dot)  1/mg),  decrease  with  in- 
creasing H  content  and  with  target  thickness.  Compari- 
sons with  results  from  thermal  neutron  PGAA  indicate 
that  the  effects  of  cold  neutron  scattering  differ  from 
those  of  thermal  neutron  scattering.  CNPGAA  sen- 
sitivities for  '1/nu'  nuclides  show  similar  sensitivity  de- 
creases, while  Sm  sensitivities  show  smaller  de- 
creases. 
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Cryofocusing  and  cryotrapping  techniques  are  the  ana- 
lytical-scale preconcentration  or  collection  of  solutes 
using  low  temperature,  with  subsequent  solute  re- 
moval and  analysis.  Although  these  methods  have 
been  used  with  many  analytical  procedures  including 
spectroscopic  techniques,  the  major  applications  have 
been  in  chromatographic  methods  that  involved  a  wide 
variety  of  sample  mixtures.  We  describe  a  simple,  en- 
tirely pneumatic  approach  to  chromatographic  sample 
cryofocusing-cryotrapping.  The  two  airstreams  from  a 
vortex  tube  (cold  and  hot,  respectively)  are  used  to 
both  chill  the  cryofocus  region  of  the  injector  and  then 
to  thermally  desorb  the  collected  solutes  for  injection. 
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The  CIPM  has  established  a  Working  Group  on  Metrol- 
ogy in  Chemistry  to  address  the  specific  problem  of 
traceability  of  chemical  measurements.  One  of  the 
terms  of  reference  of  the  Working  Group  is  to  draw  up 
an  exploratory  program  of  cooperative  work  among 
leading  national  chemical  metrology  laboratories.  This 
program  is  designed  to  test  the  hypothesis  that  coordi- 
nated analysis  of  a  few  key  reference  materials,  using 
one  or  two  reference  methods  of  wide  application,  will 
provide  such  laboratories  with  a  base  from  which  to 
extend  international  comparability  to  a  wider  range  of 
methods  and  reference  materials.  NIST  is  coordinating 
the  details  of  the  first  interlaboratory  exercise.  Isotope 
dilution  mass  spectrometry  (IDMS)  has  been  chosen 
as  the  reference  method  for  the  initial  comparison.  The 
design  and  status  of  the  interlaboratory  exercise  is 
summarized. 
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Fluid  phase  behavior  has  a  profound  impact  on 
supercritical  fluid  chromatography  performance.  The 
effect  of  fluid  phase  behavior  on  supercritical  fluid  ex- 
traction performance  has  not  been  studied.  Generally, 
methods  available  to  generate  phase  diagrams  of  fluid 
mixtures  are  time-consuming.  This  paper  describes 
relatively  easily  constructed  instrumentation  for  the 
rapid  screening  of  fluid  mixtures  to  determine  whether 
or  not  they  are  single  phase.  Either  scattered  or  trans- 
mitted light  can  be  used  to  probe  the  phase  behavior 
of  the  fluids.  Examples  using  C02/methanol  and  C02/ 
water  are  presented.  The  phase  behavior  of 
multicomponent  mixtures  of  C02  or  Freon  (R22, 
chlorodifluoromethane)  with  methanol/triethylamine/ 
water  was  determined. 
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A  status  report  is  given  on  activities  of  ISO  Technical 
Committee  201  (ISOATC  201)  on  Surface  Chemical 
Analysis.  The  committee  has  seven  subcommittees 
which  met  for  the  first  time  in  1 993.  Information  is  given 
on  the  working  groups  that  have  been  established  for 
specific  purposes.  We  show  national  participation  in 
ISOH"C  20I  and  its  subcommittees,  and  we  identify  the 
chairmen  and  secretariats  of  the  subcommittees  and 
the  conveners  of  the  working  groups. 
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This  report  summarizes  the  scientific  and  engineering 
activities  of  the  Chemical  Science  and  Technology 
Laboratory  (CSTL)  for  fiscal  year  1994.  Activity  reports 
are  grouped  into  Divisions  of  CSTL  Biotechnology, 
Chemical  Kinetics  and  Thermodynamics,  Inorganic 
Analytical  Research,  Organic  Analytical  Research, 
Process  Measurements,  Surface  and  Microanalysis 
Science,  and  Thermophysics.  In  addition  to  the  tech- 
nical reports,  outputs  and  interactions  are  listed  for 
reach  Division,  which  include  publications,  talks, 
CRADAs,  patents,  SRMs,  SRDs,  calibrations,  commit- 
tee assignments,  editorships,  seminars,  conferences, 
and  workshops.  The  overall  program  is  summarized 
and  yearly  highlights  are  given. 
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A  standard  reference  material  (SRM)  was  developed 
for  the  calibration  and  evaluation  of  light  scattering 
equipment  used  to  measure  electrophoretic  mobility. 
SRM  1980  is  a  positive  mobility  standard  containing 
500  mg/cubic  dm  microcrystalline  goethite  (alpha- 
FeOOH)  and  100  micromol/g  phosphate  in  0.05  mol/ 
cubic  dm  sodium  perchlorate  electrolyte  solution  at  pH 
2.5.  The  suspension  is  diluted  prior  to  use.  A  certified 
mobility  value  (2.53  +  or  -  0. 1 2  micrometer  cm/v/s)  was 
determined  from  a  statistical  analysis  of  round  robin 
data  from  five  laboratories  according  to  NIST  guide- 
lines. This  paper  documents  the  development,  charac- 
terization and  evaluation  of  this  material.  Also  dis- 
cussed are  the  various  contributions  to  measurement 
uncertainty  and  inconsistency,  and  appropriate  proto- 
cols for  dealing  with  these  problems. 
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NIST  has  published  proficiency  test  instructions  and 
summary  reports  for  the  airborne  asbestos  program 
since  1 990.  The  reports  provide  a  historical  record  of 
proficiency  testing  materials  sent  to  the  laboratories  so 
that  they  can  be  referenced  in  other  publications  and 
background  material  can  be  given  to  those  laboratories 
entering  the  accreditation  program.  This  report  con- 
tains the  instructions  and  summary  reports  issued  for 
1 993  proficiency  tests. 
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Although  DNA  typing  is  an  accurate,  precise,  and  ro- 
bust procedure,  quality  assurance  is  enhanced  by 
availability  of  a  suitable  reference  material.  The  Na- 
tional Institute  of  Standards  and  Technology  (NIST)  re- 
cently released  a  Standard  Reference  Material  (SRM) 
that  meets  the  calibration  and  quality  assurance  needs 
of  laboratories  that  perform  DNA  typing.  Each  step  of 
the  analytical  process  of  DNA  typing  maybe  verified  by 
one  or  more  of  twenty  different  components  of  the 
SRM.  As  newer,  more  sensitive  methods  for  DNA  typ- 
ing have  been  introduced  into  the  human  identification 
laboratory  repertoire,  new  SRMs  will  be  required  for 
quality  assurance. 
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By  irradiating  with  cold  neutrons  and  avoiding  hydroge- 
nous materials  of  construction,  we  have  developed  a 
PGAA  instrument  at  the  Cold  Neutron  Research  Facil- 
ity at  NIST  with  hydrogen  detection  limits  in  the 
microgram  range  in  many  materials.  Quantities  of  5- 
10  micrograms  H/g  are  presently  measureable  in 
gram-sized  samples  of  silicon  or  quartz,  and  of  order 
0.01  wt  %  can  be  quantitatively  measured  in  complex 
silicate  rocks. 


00,613 

PB96-111968       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Organic  Analytical  Research  Div. 
Stability  of  Compressed  Gas  Mixtures  Containing 
Low  Level  Volatile  Organic  Compounds  in  Alu- 
minum Cylinders. 
Final  rept. 

W.  R.  Miller,  and  G.  C.  Rhoderick.  1995,  9p. 

Pub.  in  Fresenius  Jnl.  of  Analytical  Chemistry,  v351 

p221-229  1995. 

Keywords:  "Gas  cylinders,  "Compressed  gas,  Stability, 
Reprints,  Gases,  Mixtures,  "Foreign  technology, 
"Volatile  organic  compounds. 

Compressed  gas  mixtures  containing  up  to  twenty-six 
volatile  organic  compounds  (VOCs)  in  a  balance  of  ni- 
trogen have  been  prepared  and  analyzed  at  the  Na- 
tional Institute  of  Standards  and  Technology  (NIST). 
The  mixtures  are  contained  in  aluminum  cylinders  and 
the  hydrocarbons  included  are  aromatic  or  aliphatic, 
both  saturated  and  unsaturated  and  some  containing 
a  halogen,  oxygen  or  nitrogen  atom.  The  individual 
compounds  are  present  at  concentrations  ranging  from 
0.1-3000  nmol/mol  and  the  relative  standard  uncer- 
tainty in  the  concentration  of  each  is  between  plus  or 
equal  to  2-5%.  The  stability  of  the  mixtures  over  var- 
ious time  intervals  is  discussed. 
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Arsenic,  antimony,  and  tellurium  are  determined  at 
part-per-million  concentration  levels  in  bullet  lead, 
lead-base    alloy,    and    high    purity    lead  using 
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electrothermal  atomization  atomic  absorption  spec- 
trometry (ETAAS)  with  Zeeman-effect  background  cor- 
rection. A  spectral  interface  by  lead  absorption  lines 
resulting  from  excited  state  transitions  is  observed  on 
both  primary  arsenic  lines,  at  193.696  nm  and  197.197 
nm.  Analytical  bias  caused  by  the  interference  at 
197.197  nm  is  eliminated  by  using  temperature  pro- 
gramming and  temporal  resolution. 
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Many  applications  of  the  vortex  tube  in 
chromatographic  analysis  have  been  devised  in  recent 
years  mainly  because  of  the  usefulness  of  low-tem- 
perature chromatographic  techniques.  One  of  the  most 
important  is  GC  column  temperature  control,  especially 
in  subambient  ranges.  The  operation  of  a  GC  column 
at  low  temperatures  began  in  the  mid-1 950's,  but  has 
received  renewed  attention  for  the  trace  analysis  of  pri- 
ority pollutants  in  air  and  in  the  analysis  of  alternative 
refrigerant  fluids.  Subambient  temperature  GC  gen- 
erally refers  to  procedures  in  which  the  column  tem- 
perature is  between  -100  and  0  degrees  C,  but  many 
separations  are  greatly  enhanced  at  temperatures  no 
lower  than  -40  degrees  C. 
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Cold-neutron  prompt  gamma-ray  activation  analysis 
sensitivities  are  often  decreased  because  of  an  in- 
crease in  the  average  neutron  energy  on  scattering 
within  room  temperature  targets.  Experiments  were 
performed  to  determine  whether  target  cooling  would 
alleviate  these  effects.  Cooling  the  targets  to  77  K  in- 
creased hydrogen  sensitivity  by  as  much  as  25%.  Tar- 
get cooling  decreases  those  effects  of  neutron  scatter- 
ing on  CNPGAA  sensitivities  that  are  the  result  of  an 
increased  average  neutron  energy.  However,  cold- 
neutron  scattering  may  also  change  the  average  path 
length  traveled,  and  this  effect  on  sensitivity  is  not  alle- 
viated by  controlling  temperature. 
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Two  computer  programs  in  use  for  over  a  decade  in 
the  Nuclear  Methods  Group  at  NIST  illustrate  the  utility 
of  standard  software:  programs  widely  available  and 
widely  used,  in  which  (ideally)  well-tested  public  algo- 
rithms produce  results  that  are  well  understood,  and 
thereby  capable  of  comparison,  within  the  community 
of  users.  SUM  interactively  computes  the  position,  net 
area,  and  uncertainty  of  the  area  of  spectral  peaks,  and 
can  give  better  results  than  automatic  peak  search  pro- 
grams when  peaks  are  very  small,  very  large,  or  un- 
usually shaped.  MEAN  combines  unequal  measure- 
ments of  a  single  quantity,  tests  for  consistency,  and 
obtains  the  weighted  mean  and  six  measures  of  its  un- 
certainty. 


00,618 

PB96-1 19458       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Analytical  Chemistry  Div. 
Comparison  of  Selectivities  for  PCBs  in  Gas  Chro- 
matography for  a  Series  of  Cyanobiphenyl  Station- 
ary Phases. 
Final  rept. 

B.  R.  HMIery,  J.  E.  Girard,  M.  M.  Schantz,  M.  L.  Lee, 
S.  A.  Wise,  and  A.  Malik.  1995,  10p. 
Pub.  in  Jnl.  of  Microcolumn  Separations,  v7  n3  p221- 
230  1995. 

Keywords:  "Chlorinated  aromatic  hydrocarbons,  "Gas 
chromatography,  Columns(Process  engineering), 
Phase,  Planar  structures,  Selectivity,  Shapes,  Re- 
prints, "Cyanobiphenyl  phases,  Stationary  phases. 

Selectivity  for  polychlorinated  biphenyl  (PCB) 
congeners  was  examined  for  a  series  of  cyanobiphenyl 
stationary  phases,  and  the  results  were  compared  to 
a  nonpolar  5%  phenyl  methylpolysiloxane  phase  and 
a  shape-selective  smectic  liquid  crystalline  phase.  For 
all  of  the  columns  studied,  the  degree  of  ortho  substi- 
tution of  the  congener  was  found  to  be  a  significant 
factor  controlling  chromatographic  retention  of  PCBs. 
The  retention  pattern  on  six  different  cyanobiphenyl 
phases  followed  the  same  general  pattern  as  on  the 
liquid  crystalline  column,  though  the  trends  were  more 
exaggerated  on  the  liquid  crystalline  phase.  While  the 
general  retention  pattern  was  similar  for  all  of  the 
cyanobiphenyl  phases  studied,  subtle  differences  were 
observed,  resulting  in  significant  selectivity  differences. 
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We  describe  a  purification  system  based  on  a  commer- 
cial preparative-scale  chromatograph  with  a  custom- 
design  condenser,  collector,  and  fraction  handling  sys- 
tem. In  our  fraction  collector  design,  all  the  wetted  sur- 
faces were  either  31 6  stainless-steel  or  nickel.  The  col- 
lectors and  the  integrated  gas-handling  manifold  were 
designed  to  be  used  down  to  liquid  nitrogen  tempera- 
ture and  up  to  7  MPa  of  pressure  to  accommodate  low- 
boiling-point  compounds,  such  as  refrigerants.  The  de- 
sign, operation,  and  performance  of  this  apparatus  are 
presented. 
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Picosecond  and  femtosecond  infrared  techniques  are 
used  to  characterize  vibrational  energy  transfer  rates 
and  provide  novel  insights  into  the  relaxation  of  non- 
equilibrium  energy  distributions.  For  absorbates  on 
metal  surfaces,  it  is  essential  to  determine  the  absolute 
coupling  strengths  between  different  degress  of  free- 
dom, i.e.,  vibrational  modes  and  low-lying  electronic 
states.  In  the  present  work,  the  spectral  shift  of  the  CO 
stretch  has  been  used  to  follow  the  temporal  evolution 
of  the  adlayer  response  as  a  consequence  of  ultrashort 
infrared,  visible  and  ultraviolet  excitation  of  the  underly- 
ing metal.  Results  from  CO/Pt(111)  and  CO/Cu(100) 
will  be  presented,  Their  differences  will  be  discussed, 
and  comparison  will  be  made  to  current  theoretical 
models  of  the  damping  rates. 
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Molecular  shape  recognition  is  examined  for  a  series 
of  C18  columns  prepared  using  a  variety  of  synthetic 
approaches.  Mono-,  di-,  and  trifunctional  silanes  are 
used  to  prepare  stationary  phases  through  monomeric 
and  poly  meric  surface  modification  procedures,  in- 
cluding an  approach  employing  self-assembled 
monolayer  technology.  Shape  discrimination  prop- 
erties of  the  columns  were  investigated  with  various 
nonplanar,  planar,  and  linear  polycyclic  aromatic  hy- 
drocarbon solute  probes.  Chromatographic  retention 
behavior  is  examined  in  the  context  of  recently  pro- 
posed statistical  mechanical  'interphase'  retention 
models. 
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The  retention  behavior  of  polycyclic  aromatic  hydro- 
carbons (PAHs)  in  packed-column  supercritical  fluid 
chromatography  (SFC)  is  studied  for  monomeric  and 
polymeric  C18  columns.  Molecular  shape  discrimina- 
tion (shape  selectivity)  is  assessed  through  the  use  of 
Standard  Reference  Materials  (SRMs),  and  changes 
in  selectivity  are  studied  as  a  function  of  temperature, 
pressure,  and  mobile  phase  composition.  Examples  of 
separations  of  complex  PAH  isomer  mixtures  are  pre- 
sented, and  guidelines  are  provided  for  modification 
and  optimization  of  shape  selectivity  in  SFC. 
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Moisture  was  measured  in  two  oil  Reference  Materials 
(RMs),  transformer  oil  (RM  8506)  and  mineral  oil  (RM 
8507),  by  the  volumetric  and  coulometric  Karl  Fisher 
methods.  A  variety  of  analysis  conditions  were  used, 
including  the  solvent  composition  of  the  titration  vessel. 
The  maximum  amount  of  moisture  was  obtained  when 
the  chloroform  content  of  the  titration  vessel  was  above 
65  percent  after  the  solvent  had  been  titrated  to  dry- 
ness. The  highest  moisture  titers  were  measured  by 
the  volumetric  method  using  either  the  Hydranal  or 
Pyridine-based  Karl  Fisher  reagents  or  by  the 
coulometric  method  using  Hydranal  AG-H  reagent. 
Other  coulometric  reagents  measured  lower  amounts 
of  moisture  even  after  the  addition  of  organic  solvents. 
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Concentrations  of  alpha  and  beta-carotene,  lycopene, 
beta-cryptoxanthim,  zeaxanthin,  lutein,  alpha-, 
gamma-,  and  delta-tocopherol,  retinol,  and  retinyl 
palmitate  have  been  determined  in  over  1400  human 
sera  from  two  epidemiologial  studies.  Complete  adult 
population  distributions  for  these  analytes,  and  for  a 
chromatographically  defined  'total  carotenids'  compo- 
nent, are  detailed  as  data-defined  histograms.  The  dis- 
tributions for  retinol  and  alpha-tocopherol  concentra- 
tions are  much  narrower  than  those  for  the  other 
analytes.  Information  provided  by  analysis  of  control 
samples  facilitated  intercomparison  of  the  two  studies 
and  provided  univariate  and  bivariate  and  bivariate  es- 
timates of  the  intralaboratory  measurement  reproduc- 
ibility. 
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A  data  service  has  been  established  at  the  National 
Institute  of  Standards  and  Technology  to  provide  the 
necessary  information  to  apply  to  the  techniques  of 
resonance  ionization  spectrocopy  (RIS)  and  reso- 
nance ionization  mass  spectrometry  (RIMS)  to  routine 
use  in  analytical  chemistry.  This  service  collects  and 
calculates  the  relevant  atomic  data,  chooses  appro- 
priate resonance  ionization  schemes,  and  indicates 
pertinent  operating  details  of  successful  RIMS  studies. 
The  first  group  of  data  sheets  was  published  previously 
covering  the  elements  As,  B,  Cd,  C,  Ge,  Au,  Fe,  Pb, 
Si  and  Zn.  The  second  group  published  covered  the 
elements  Al,  Ca,  Cs,  Cr,  Co,  Cu,  Kr,  Mg,  Hg  and  Ni. 
The  third  group  published  covered  the  elements  Sb, 
Bi,  P,  Na  and  Sn.  The  fourth  group  published  covered 
the  elements  Be,  In,  Li,  K,  Rb,  Ag,  Ti  and  V.  The  fifth 
group  of  data  sheets  is  presented  here.  It  covered  the 
elements  Ga,  Mn,  Sc  and  Tl. 
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NIST  is  developing  the  capability  transient-pressure 
transducers  and  transient-temperature  transducers. 
The  source  for  both  of  these  calibrations  is  a  chock 
tube  capable  of  generating  reflected  shock  pressures 
up  to  20  MPa  and  temperatures  in  the  range  of  1200 
K  with  submicrosecond  rise  times.  The  shock  tube  will 
be  calibrated  to  avoid  the  assumptions  and  uncertain- 
ties involved  in  calculating  the  pressure  and  tempera- 
ture from  shock  tube  theory.  The  primary  standard  for 
the  calibration  of  the  shock  tube  is  a  sample  of  diatomic 
gas.  Diatomic  gas  molecules  have  a  fundamental  vi- 
brational motion  whose  frequency  is  affected  by  pres- 
sure in  a  simple  way.  These  molecules  also  have  well 
defined  rotational  energy  levels  whose  populations 
provide  a  reliable  measure  of  temperature.  The  vibra- 
tional frequencies  and  the  populations  of  the  rotational 
energy  levels  can  be  determined  by  laser  spectros- 
copy. As  the  time  required  for  the  spectroscopic  meas- 
urements can  be  reduced  to  nanoseconds,  spectra  can 
be  obtained  under  shock  conditions  and  these  spectra 
can  be  evaluated  in  terms  of  spectra  obtained  under 
known  static  pressure  and  temperature  conditions. 
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A  platinum  resistance  thermometer  calibration  labora- 
tory is  described  that  provides  ten  of  the  defining  fixed 
points  of  the  New  International  Temperature  Scale  of 
1990  (ITS-90)1.  from  the  argon  triple  point  up  to  the 
gold  freezing  point.  Data  are  taken  by  computer  using 
the  IEEE-488  bus  to  access  resistance  bridges,  digital 
multimeters,  and  scanners  for  thermometer  selection 
and  measurement.  Details  include  laboratory  layout, 
furnace  controls  and  performance,  measuring  instru- 
ments, and  a  description  of  the  software. 
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An  accurate  realization  of  the  International  Tempera- 
ture Scale  of  1990  (ITS-90)  requires  a  measurement 
assurance  program  for  the  thermometrie  fixed-point 
cells  of  the  defining  fixed  points.  A  previous  compari- 
son in  1991  of  the  scales  realized  at  PTB  and  NIST, 
through  the  use  of  a  high-temperature  standard  plati- 
num resistance  thermometer  (HTSPRT)  calibrated  in 
fixed-point  cells  in  the  range  between  0  degrees  C  and 
961.78  degrees  C  at  NIST  and  at  PTB,  indicated  that 
the  differences  between  the  freezing-point  tempera- 
tures, as  realized  on  the  plateaus  of  the  freezing 
curves,  of  Sn,  Zn  and  Al  fixed-point  cells  of  NIST  and 
PTB  were  all  approximately  1  m  degrees  C.  For  silver, 
however,  the  maximum  temperature  difference  be- 
tween the  freezing  plateaus  of  the  PTB  and  NIST  silver 
cells  appeared  to  be  approximately  18  m  degrees  C. 
This  extremely  large  difference  was  estimated  from 
independent  calibrations  of  the  same  HTSPRT  at  PTB 
and  at  NIST.  In  order  to  determine  more  accurate  val- 
ues of  the  temperature  differences  at  the  silver  point, 
cell  to  cell  comparisons  were  carried  out  recently  at 
NIST. 
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The  stability  of  high  temperature  standard  platinum  re- 
sistance thermometers,  having  nominal  resistances  of 
0.25  to  2.5  ohms,  and  their  use  in  the  realization  of 
the  International  Temperature  Scale  of  1990  over  the 
range  of  0  degrees  C  to  961  degrees  C  were  inves- 
tigated. Special  procedures  were  employed  for  their 
use  above  500  degrees  C.  These  techniques  involved 
annealing  and  protection  against  contamination.  A  so- 
dium heat-pipe  furnace  was  used  to  realize  the  freez- 
ing points  of  aluminum,  silver,  and  gold.  The  results 
to  be  presented  yielded  information  on  non-unique- 
ness, subrange  inconsistencies  and  the  effects  of  heat- 
ing above  600  degrees  C. 


00,630 

PB96-161302       Not  available  NTIS 


National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Process  Measurements  Div. 
Investigation  of  the  ITS-90  Subrange  Inconsist- 
encies for  25.5  Omega  SPRTs. 

Final  rept. 

G.  F.  Strouse.  1992,  4p. 

Pub.  in  Temperature:  Its  Measurement  and  Control  in 
Science  and  Industry,  v6  pt1  p165-168  1992. 

Keywords:  "Thermometry,  Reprints,  "Foreign  tech- 
nology, "Water  triple  point  cells,  International  Tem- 
perature Scale  of  1 990,  Platinum  resistance. 

Large  variations  in  obseivations  over  extended  time 
were  recently  reported  on  water  triple  point  (WTP)  cells 
prepared  by  using  liquid  nitrogen  (LN)  cooled  rods  to 
freeze  the  ice  mantle.  Experiments  were  conducted  to 
test  the  results  by  using  the  same  technique  for  prepar- 
ing the  WTP  cell  ice  mantle  and  by  using,  for  compari- 
son, two  other  techniques  -  solid-C02  and  immersion- 
cooler  methods.  Because  of  the  strains  that  are  intro- 
duced in  preparing  the  ice  mantle  by  the  three  meth- 
ods, results  that  have  been  obtained  at  the  National 
Institute  of  Standards  and  Technology  (NIST)  thus  far 
indicate  some  variations  in  the  observations  during  the 
first  few  days.  The  LN-cooled-rod  technique  caused 
the  ice  mantle  to  crack  and  the  observations  on  WTP 
cells  prepared  by  this  technique  indicate  more  vari- 
ations than  were  observed  in  cells  with  mantles  pre- 
pared by  other  techniques. 
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The  use  of  temperature  subranges  in  the  definition  of 
the  International  Temperature  Scale  of  1990  (ITS-90) 
permits  standard  platinum  resistance  thermometers 
(SPRTs)  to  be  measured  at  defining  fixed  points  of  a 
particular  subrange  as  well  as  at  fixed  points  not  uti- 
lized in  that  subrange.  These  redundant  fixed  points 
allow  analysis  of  the  non-uniqueness  of  the  scale.  Spe- 
cifically, with  25.5  ohm  SPRTs  at  gallium,  indum,  and 
cadmium  fixed  points  have  been  made  and  examined 
to  determine  the  non-uniqueness  at  these  points.  The 
results  of  this  investigation  indicate  that  the  levels  of 
non-uniqueness  of  the  ITS-90  at  the  three  redundant 
fixed  points  does  not  contribute  significantly  to  the  total 
error  associated  with  the  calibration  of  an  SPRT. 
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The  National  Institute  of  Standards  and  Technology  is 
using  thermometrie  fixed  points  to  realize  the  Inter- 
national Temperature  Scale  of  1990  (ITS-90)  and  dis- 
seminate the  temperature  scale  through  the  calibra- 
tions of  standard  platinum  resistance  thermometers 
over  the  range  of  83.8058  K  to  1234.93  K.  This  work 
involved  the  optimization  of  experimental  techniques 
and  measurement  procedures  to  reduce  uncertainty  in 
the  data.  The  rsalization  of  the  scale  allows  lor  an  in- 
depth  investigation  of  reproducibility  and  stability  of  the 
fixed  points  used  to  define  the  various  temperature 
subranges  of  the  ITS-90  Additionally,  propagation  of 
errors  associated  with  the  ITS-90  is  discussed. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  is  responsible  for  realizing,  maintaining  and  dis- 
seminating the  International  Temperature  Scale  of 
1990  (ITS-90)  for  the  United  States  of  America.  One 
of  the  methods  used  for  the  dissemination  of  the  scale 
is  the  calibration  of  standard  platinum  resistance  ther- 
mometers (SPRTs)  and  high-temperature  SPRTs 
(HTSPRTs),  using  thermometric  fixed  points.  At  NIST, 
the  calibration  of  these  thermometers  as  defining,  in- 
terpolating devices  for  the  ITS-90  includes  various  in- 
ternal quality  control  checks  in  order  to  minimize  the 
uncertainty  associated  with  a  calibration.  The  internal 
measurement  assurance  program  incorporated  at 
NIST  includes  the  use  of  check  (HT)SPRTs,  control 
charts,  redundant  fixed  points,  and  statistical  process 
control.  This  program,  as  well  as  some  results  showing 
fixed-point  reproducibility  and  calibration  uncertainties, 
will  be  discussed. 
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The  International  Temperature  Scale  of  1990  provides 
greater  flexibility  than  the  International  Practice  Tem- 
perature Scale  of  1968,  Amended  Edition  1975, 
through  the  use  of  more  fixed  points  and  more  tem- 
perature subranges.  The  present  investigation  exam- 
ined the  ranges  of  83.8058  K  to  273.16  K  and  273.15 
K  to  933.473  K  for  25.5  omega  standard  platinum  re- 
sistance thermometers.  These  two  ranges  have  mul- 
tiple subranges  that  partly  overlap,  creating  inconsist- 
encies. The  magnitude  of  the  inconsistencies  in  the  in- 
terpolation between  the  appropriate  defining  fixed 
points  in  the  temperature  overlap  regions  were  inves- 
tigated. The  results  show  that  in  all  16  possible  com- 
binations of  subranges,  there  were  no  significant  dif- 
ferences between  manufacturer/models  and  that  the 
inconsistencies  in  most  cases  are  within  estimated 
measurement  uncertainties. 
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Calculation  of  the  most  useful  gas  chromatographic  re- 
tention parameters,  such  as  net  and  specific  retention 
volumes,  relative  retentions,  and  retention  indices,  re- 
quires that  raw  retention  data  be  corrected  for  gas 
hold-up  time  or  volume  (sometimes  called  dead  time 
or  volume)  of  the  chromatographic  system.  When  a 
flame-ionization  detector  is  used,  a  common  technique 
(where  it  is  physically  appropriate)  is  to  introduce  meth- 
ane into  the  sample  as  a  marker  to  approximate 
unretained  species  to  correct  for  hold-up.  This  is  often 
done  by  bubbling  methane  (or  natural  gas)  through  the 
sample  just  before  injection.  In  this  paper,  we  describe 
two  easily  constructed  devices  that  provide  continuous 
release  of  methane  into  liquid  samples,  sustainable  for 
several  weeks  or  even  months.  This  long-term  feature 
makes  the  techniques  especialy  suitable  to  extensive 
retention  studies  done  at  multiple  temperatures  as  sev- 
eral stationary  phases.  Moreover,  one  of  the  devices 


described  is  applicable  to  commercially  available  auto- 
matic sampler  vials.  After  a  detailed  description  of  the 
construction  of  the  devices  is  provided,  some  applica- 
tions are  discussed. 
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A  worldwide  laboratory  intercomparison  was  organized 
by  the  Intei  .national  Atomic  Energy  Agency's  Analytical 
Quality  Control  Services  (AQCS)  involving  the  deter- 
mination of  trace  elements  in  plant  materials  used  for 
human  consumption.  The  National  Institute  of  Stand- 
ards and  Technology  (NIST)  Standard  Reference  Ma- 
terials Program  donated  5  kg  of  spinach  designated  for 
the  production  of  the  future  Standard  Reference  Mate- 
rial SRM  1 570a  to  this  intercomparison:  the  AQCS  pro- 
vided a  similar  amount  of  cabbage.  For  the  study,  150 
units  of  each  material  were  distributed  and  1 14  labora- 
tories reported  results  on  both  materials  to  AQCS.  The 
results  for  the  spinach,  encompassing  more  than  forty 
elements,  have  been  compiled  and  evaluated;  esti- 
mates of  the  elemental  concentrations  were  made 
based  on  statistical  evaluations,  principles  of  analytical 
procedures  and  the  laboratory  performance  indicated 
by  the  results  on  the  cabbage  material.  Satisfactory  es- 
timates were  obtained  for  27  elements.  Comparison 
with  IAEA  laboratory  and  NIST  reference  data  did  not 
reveal  any  significant  bias  that  might  have  been  intro- 
duced by  the  intercomparison  approach  or  its  evalua- 
tion. 
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Supercritical  fluid  extraction-radioimmunoassay  (SFE- 
RIA)  was  evaluated  as  a  rapid  screening  tool  for  the 
detecion  of  cocaine  residues  in  human  hair.  SFE  was 
performed  using  carbon  dioxide  modified  with 
triethylamine  (TEA)  and  water,  with  off-line  collection 
of  extracted  cocaine  in  methanol.  Extracts  were  ana- 
lyzed for  the  presence  of  cocaine  using  a  commercially 
available  solid-phase  RIA  kit.  In  order  to  develop  a  suit- 
able RIA  calibration  method  for  reliable  measurement 
of  cocaine  in  SF  extracts,  calibration  data  was  com- 
pared for  methanolic  standards  both  with  and  without 
the  presence  of  the  SF  modifier.  Methanol  had  only  a 
minor  impact  on  immunoassay  performance,  produc- 
ing an  11%  decrease  in  maximum  binding  counts.  In 
contrast,  the  presence  of  TEA/H20  profoundly  de- 
graded assay  performance,  producing  a  60%  suppres- 
sion in  assay  counts.  To  preserve  RIA  sensitivity,  SF 
extracts  were  evaporated  under  nitrogen  to  remove  the 
modifier  and  reconstituted  in  menthanol  for  RIA  analy- 
sis. Incorporation  of  the  evaporation  step  permitted  the 
use  of  modifier-free  cocaine  calibrators  in  memthanol. 
Calibration  data  was  fit  to  a  four-parameter  logistic 
model.  SFE-RIA  analysis  of  a  series  of  drug-free  hair 
samples  established  an  RA  cut-off  value  for  distin- 
guishing between  a  negative  and  presumptive  positive 
cocaine  sample  at  an  SF  extract  concentration  of  1.2 
ng/mL,  or  a  hair  concentration  of  0.07  ng/mg.  The 
robustness  of  the  SFE-RIA  method  was  demonstrated 
by  the  analysis  of  a  variety  of  hair  samples  from  both 
users  and  non-users.  The  quantitative  SFE-RIA  find- 
ings correlated  well  with  the  values  obtained  by  an  acid 
incubation/GC-MS  method. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  recently  developed  two  recycled  automobile 
catalyst  materials  as  standard  reference  materials 
(SRMs),  in  response  to  a  request  from  the  International 
Precious  Metals  Institute.  Results  of  analyses  for  plati- 
num by  two  different  analytical  techniques  did  not 
agree  well,  with  the  mean  differing  up  to  6%.  The  palla- 
dium results  for  these  same  two  techniques  in  the 
same  materials  showed  much  better  agreement.  Fi- 
nally, it  was  determined  that  on  technique  (instrumen- 
tal neutron  activation  analysis  -  INAA)  had  a  small,  ran- 
dom interference  due  to  a  tantalum  impurity  in/on  the 
acid  washed  polyethylene  bag  used  to  hold  the  finely 
powered  sample.  This  Ta  was  not  present  in  any  of 
the  empty  bags  used  to  evaluate  the  bag  blank.  Once 
this  problem  was  identified,  the  unique  characteristics 
of  the  INAA  technique  allowed  the  magnitude  of  the 
interference  to  be  accurately  determined  for  each  sam- 
ple, data  recalculated,  and  a  final  result  obtained  which 
agreed  well  with  the  second  technique. 
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A  permeation  tube  that  is  sealed  internally  in  a  com- 
mercially-available automatic  sampler  vial  provides  a 
simple  and  convenient  method  of  preparing,  using,  and 
storing  standard  retention  index  samples  for  long  peri- 
ods of  time.  The  approach  is  especially  suited  to  the 
handling  of  volatile  organic  compounds  that  are  very 
important  in  fuels  research,  alternative  refrigerant  re- 
search and  in  many  environmental  analyses.  It  also 
provides  the  very  desirable  feature  of  dispensing  sam- 
ple that  is  at  very  low  concentration  or  even  at  infinite 
dilution,  since  no  commercial  automatic  sampler  is  cur- 
rently capable  of  doing  this  for  the  analyst.  The  device 
is  very  simple,  and  can  be  constructed  and  prepared 
with  a  liquid  sample  in  a  few  minutes.  It  requires  the 
use  of  minimal  quantities  of  sample,  and  substantially 
descreases  the  hazards  associated  with  handling  vola- 
tile organics  in  the  laboratory. 
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The  recent  development  and  application  of  a  polymeric 
C30  stationary  phase  have  given  unique  separations 
of  cis-trans  carotenoid  isomers  in  reversed-phase  (RP) 
liquid  chromatography  (LC)  owing  to  the  expectional 
shape  selectivity  of  this  stationary  phase,  in  the 
present  research,  several  geometrical  isomers  of 
alpha-carotene  were  at  least  partially  resolved  from  a 
photo-isomerized  mixture  when  chromatographad  on 
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a  3-micro  m  polymeric  C30  column.  Confirmation  of  the 
structures  of  geometrical  alpha-carotene  isomers  will 
aid  further  studies  on  the  possible  physiological  roles 
of  these  compounds  in  biological  tissues. 
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Planar  optical  waveguides  are  an  attractive  tool  for  use 
in  analytical  chemistry  and  spectroscopy.  Although 
similar  to  fiber  optics,  planar  waveguides  have  been 
slow  to  be  commercially  accepted  due  to  the  difficulty 
of  coupling  light  into  the  guide.  Generally,  prism  cou- 
pling is  the  method  of  choice  in  the  laboratory,  as  effi- 
ciencies approaching  80%  can  be  reached.  However, 
prisms  are  impractical  for  routine  use  for  several  rea- 
sons: expensive  positioning  equipment  is  required, 
coupled  power  is  sensitive  to  environmental  fluctua- 
tions, and  prism  coupling  prohibits  the  fabrication  of  a 
truly  planar  device.  The  use  of  thin  gratings  on  the  sur- 
face of  the  waveguide  allows  for  a  two-dimensional 
structure  to  be  maintained,  while  providing  enough  effi- 
ciency to  be  useful  as  a  sensor.  The  research  efforts 
focus  on  developing  a  technique  to  make  inexpensive, 
reproducible  gratings  that  are  easy  to  fabricate.  By 
chemically  modifying  the  surface  of  a  commercial  grat- 
ing with  a  suitable  release  agent,  it  is  possible  to  em- 
boss replica  gratings  onto  a  variety  of  waveguide 
types.  The  fabrication  of  embossed  gratings  will  be  de- 
scribed, and  their  performance  on  glass,  ion-diffused, 
polymer,  and  semiconductor  waveguides  will  be  pre- 
sented. 
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A  flow  injection  immunoassay  was  performed  using  a 
column  packed  with  reversed-phase  sorbents  to  effect 
separation  of  the  immunoreacted  species  by 
entrapping  free  analyte  and  allowing  antibody-con- 
jugated analyte  to  pass  unretained.  Fluorescein-la- 
beled  analyte  was  measured  in  a  competitive  assay  for 
the  anticonvulsant  drug  phenytoin.  The  simplicity  of  the 
assay  was  the  greatest  advantage  of  the  technique, 
which  allowed  for  measurement  of  phenytoin  in  a  2- 
min  assay  time.  The  reliable  detection  limit  for  the 
assay  was  5  nmol  L  to  the  minus  1  power  of  phenytoin 
in  serum.  The  columns  were  regenerated  with  periodic 
injections  of  ethanol  solutions  to  remove  the  entrapped 
analyte  and  prepare  the  column  for  subsequent  analy- 
ses. 
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The  absorption  cross  sections  for  methylchloroform 
(CH3CCI3)  have  been  measured  in  the  gas  phase 
(from  160  to  approximately  240  nm)  and  in  the  liquid 


phase  (from  approximately  235  to  260  nm)  over  the 
temperature  range  220-330  K.  The  liquid  phase  results 
were  converted  into  effective  gas  phase  cross  sections 
using  a  wavelength  shift  procedure  described  and  veri- 
fied in  earlier  work.  The  results  are  compared  with 
other  available  data  in  the  wavelength  region  185-240 
nm.  The  multiplicity  of  measurements  in  different  lab- 
oratories lends  increased  confidence  in  the  quantifica- 
tion of  uncertainties  in  the  atmospheric  (photolysis  and 
kinetic)  lifetime  calculations  for  this  important  chemical 
species. 
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A  program  is  described  by  which  the  concentration  of 
commerically  produced  gas  mixtures  may  be  related 
to  gaseous  primary  standards  maintained  by  the  Na- 
tional Institute  of  Standards  and  Technology  (NIST). 
The  responsibilities  of  the  producer  and  NIST  are  de- 
tailed along  with  recommended  procedures  the  pro- 
ducer should  follow  during  production  and  analysis  of 
the  mixtures.  Procedures  also  are  included  for  the 
maintenance  of  NTRM  batches.  Appendices  are  in- 
cluded for  the  preparation  of  NTRMs  related  to  various 
Standard  Reference  Materials. 
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The  accurate  determination  of  chemical  analytes  in 
batches  of  material  is  the  principal  requirement  in 
chemical  Standard  Reference  Material  (SRM)  certifi- 
cation. Many  measurement  made  for  chemical  con- 
stituent batch  SRMs  are  destructive,  and  batches  are 
usually  large,  so  selecting  a  random  but  representative 
sample  from  the  batch  is  vital  to  inference  about  the 
material.  Homogeneity  assessment  must  be  done  to 
verify  the  materials  suitability  for  sale,  and  to  determine 
what  type  of  statistical  interval  will  make  an  appropriate 
summary  for  the  certificate.  Finally,  results  from  more 
than  one  independent  chemical  method  often  must  be 
combined  in  a  statistically  meaningful  way  to  arrive  at 
a  realistic  estimate  of  the  uncertainty  of  the  results 
achieved.  This  paper  provide  guidelines  for  addressing 
these  statistical  issues.  The  motivations  behind  those 
guidelines  are  also  explained  to  facilitate  understand- 
ing of  them. 
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The  determination  of  the  uncertainty  of  the  analytical 
value  for  the  concentration  of  asbestos  in  air  is  of  prac- 
tical use  for:  (1)  comparison  of  analyses  obtained  by 
different  operators  or  laboratories  on  the  same  sam- 
pling area  and  (2)  providing  an  indication  of  how  an 
analytical  value  compares  with  values  set  by  govern- 
ment regulations.  This  test  method  describes  a  proce- 
dure for  determining  the  component  of  uncertainty  that 
is  due  to  variation  in  sampling  of  a  population  of  values 
(corresponding  to  the  Type  A  evaluation  of  uncertainty 
described  in  NIST  Technical  Note  1297).  The  test 
method  describes  use  of  a  bootstrapping  procedure  for 
determination  of  a  95%  confidence  interval  for  the  con- 
centration of  asbestos  deposited  onto  filters. 
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See  also  report  for  1 994,  PB95-24231 9. 

Keywords:  'Chemistry,  'Research  and  development, 
Chemical  engineering,  Biotechnology,  Measurements, 
Metrology,  Models,  Measurement  traceability,  Process 
technology,  Reference  data. 

This  report  summarizes  the  research  and  services  pro- 
vided by  the  Chemical  Science  and  Technology  Lab- 
oratory of  the  National  Institute  of  Standards  and  Tech- 
nology for  Fiscal  Year  1995.  The  report  includes:  a 
general  overview  of  the  laboratory's  activities,  a  sum- 
mary of  the  technical  accomplishments  in  the  six  CSTL 
divisions  -  Biotechnology,  Chemical  Kinetics  and  Ther- 
modynamics, Process  Measurements,  Surface  and 
Microanalysis,  Thermophysics  and  Analytical  Chem- 
istry, and  a  description  of  130  selected  technical 
projects. 
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Inorganic  Crystal  Structure  Database  (ICSD)  and 
Standardized  Data  and  Crystal  Chemical  Charac- 
terization of  Inorganic  Structure  Types  (TYPIX): 
Two  Tools  for  Inorganic  Chemists  and  Crystallog- 
raphers. 

E.  Fluck.  1996,  4p. 

Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v101  n3  p21 7-220  May/ 
Jun  96. 

Keywords:  'Crystallography,  'Inorganic  compounds, 
'Information  systems,  'Chemical  composition,  Data 
base  management. 

The  two  databases  ICSD  and  TYPIX  are  described, 
ICSD  is  a  comprehensive  compilation  of  crystal  struc- 
ture data  of  inorganic  compounds  (about  39,000  en- 
tries). TYPIX  contains  3600  critically  evaluated  data 
sets  representative  of  structure  types  formed  by  inor- 
ganic compounds. 
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Evaluation  of  Crystallographic  Data  with  the  Pro- 
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G.  Bergerhoff,  M.  Berndt,  and  K.  Brandenburg.  1996, 

5p. 

Included  in  Jnl.  of  Research  of  the  National  Institue  of 
Standards  and  Technology,  v101  n3  p221-225  May/ 
Jun  96. 

Keywords:  'Crystallography,  'Chemical  composition, 
'Information  systems,  'Inorganic  compounds,  Informa- 
tion retrieval,  Crystal  structure,  Computer  graphics, 
Database  management. 

The  new  crystal  structure  information  system  DIA- 
MOND is  presented.  It  handles  all  kinds  of 
crystallographic  databases  on  PCs  including  SHELX 
files  and  Chemical  Information  Files  (CIF's).  DIA- 
MOND, because  of  its  graphics  capability,  is  a  powerful 
tool  for  establishing  structural  relationships  and  for 
evaluating  crystallographic  data. 
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National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Analytical  Chemistry  Div. 
Role  of  Certified  Reference  Materials  in  Trace  Anal- 
ysis Quality  Assurance. 

Final  rept. 

D.  A.  Becker.  1995,  4p. 

Pub.  in  Proceedings  of  Polish  Conference  on  Analyt- 
ical Chemistry  (5th),  Gdansk,  Poland,  September  3-8, 
1995,  p39-42. 

Keywords:  "Standards,  Chemical  analysis,  Reprints, 
"Foreign  technology,  "Certified  reference  materials, 
"Standards  reference  materials. 


The  quest  for  accuracy  in  trace  element  chemical  anal- 
ysis requires  a  constant  effort  by  the  analyst  in  the  lo- 
cation, elucidation,  determination  and  elimination  of 
error  in  any  of  its  many  forms.  At  NIST,  the  authors 
obviously  have  a  high  degree  of  interest  in  obtaining 
the  highest  accuracy  and  precision  practicable,  for  cer- 
tification of  elemental  content  in  NIST  Standard  Ref- 
erence materials  (SRM).  The  paper  will  discuss  the  au- 
thor's concept  of  the  role  of  Certified  Reference  Mate- 
rials (CRM)  in  trace  analysis  quality  assurance,  with 
specific  illustrations  from  the  author's  work  in  neutron 
activation  analysis  (NAA). 
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Oxidation  of  Caffeic  Acid  and  Related 
Hydroxycinnamic  Acids. 
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P.  Hapiot,  A.  Neudeck,  J.  Pinson,  C.  Rolando,  H. 

Fulcrand,  and  P.  Neta.  1996,  8p. 
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Keywords:  "Oxidation,  "Caffeic  acid,  Electrooxidation, 
Ferulic  acid,  Pulse  radiolysis,  Reprints,  4-coumaric 
acid. 

Oxidation  of  caffeic  acid  (3,4-dihydroxycinnamic  acid) 
1 H3  has  been  studied  by  electrochemical  methods  and 
by  pulse  radiolysis  in  aqueous  and  organic  solvents. 
The  results  have  been  compared  with  the  behavior  of 
4-coumaric  acid  2H2  and  ferulic  acid  3H2.  The  first 
oxidative  intermediates  have  been  characterized  by 
their  UV  spectra  and  oxidation  potentials.  In  case  of 
2H2  and  3H2,  the  initial  radicals  decay  by  a  second 
order  process  indicating  a  radical-radical  coupling 
mechanism.  On  the  contrary,  for  caffeic  acid  the  oxida- 
tion leads  to  the  formatuion  of  the  corresponding  o-qui- 
none  through  disproportionation  of  the  initial 
semiquinone  radical. 
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Lamaze,  R.  M.  Lindstrom,  D.  F.  R.  Mildner,  R.  L. 
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Articles,  v203  n2  p41 3-427  1996. 

Keywords:  "Quantitative  chemical  analysis,  "Neutron 
capture  gamma  rays,  Cold  neutrons,  Neutron  activa- 
tion analysis,  Neutron  scattering,  Reprints,  Neutron  fo- 
cusing, Neutron  depth  profiling,  Target  irradiation. 

At  the  National  Institute  of  Standards  and  Technology, 
there  are  two  techniques  for  chemical  analysis  that  use 
neutron  beams  from  the  reactor  for  target  irradiation: 
neutron  depth  profiling  (NDP)  and  prompt  gamma-ray 
activation  analysis  (PGAA).  The  paper  includes  a  brief 
description  of  the  facilities,  the  measurement  capabili- 
ties of  each,  some  recent  applications  of  NDP  and 
PGAA,  and  neutron  focusing  as  applied  to  these  tech- 
niques. 
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Use  of  a  Naphthylethylcarbamoylated-  beta- 
Cyclodextrin  Chiral  Stationary  Phase  for  the  Sepa- 
ration of  Drug  Enantiomers  and  Related  Com- 
pounds by  Sub-  and  Supercritical  Fluid  Chroma- 
tography. 
Final  rept. 

K.  L.  Williams,  L  C.  Sander,  and  S.  A.  Wise.  1996, 
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Keywords:  "Enantiomeric  separation,  "Chrial  recogni- 
tion, Derivatized  cyclodextrin,  Chromatography,  Drug 
analysis.  Reprints. 

Enantiomeric  separation  of  a  variety  of  drugs  and  relat- 
ed compounds  was  achieved  on  an  (S)- 
naphthylethylcarbamoy  lated-beta-cyclodextrin  (S- 
NEC-CD)  chiral  stationary  phase  (CSP)  using  sub-  and 
subcritical  fluid  chromatography  (SFC).  Compounds 
previously  resolved  on  native  or  derivatized 
cyclodextrin  CSPs  in  liquid  chromatography  (LC)  using 
reversed  phase  or  polar  organic  mobile  phase  modes 
could  be  resolved  in  SFC  using  a  simple  carbon  diox- 
ide/methanol  eluent.  Resolution  of  cromakalim,  which 
is  not  possible  on  the  S-NEC-CD  column  in  LC,  was 
readily  accomplished  in  SFC.  The  importance  of  modi- 
fier, temperature,  and  pressure  was  assessed  in  rela- 
tion to  retention,  selectivity,  and  resolution.  The  nature 
of  the  modifier  and  the  modifier  concentration  were 
found  to  be  crucial  parameters. 
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The  segmental  concentration  profile  p  of  end-tethered 
flexible  polymer  chains  is  calculated  for  comparison 
with  recent  measurements  on  polymer  layers  having 
a  low  surface  grafting  density  omega.  Moments  of  p 
are  also  calculated  as  these  quantities,  rather  than  the 
full  concentration  profiles,  are  usually  measured  ex- 
perimentally. Exact  calculations  of  p  are  summarized 
for  ideal  flexible  chains  with  an  arbitrary  short-range 
polymer-surface  interaction.  Though  technical  difficul- 
ties restrict  the  renormalization  group  (RG)  calcula- 
tions for  swollen  chains  to  limiting  values  of  the  poly- 
mer-surface interaction,  the  analysis  indicates  that  the 
relatively  simple,  closed-form,  Gaussian-chain  expres- 
sion for  p  provides  a  good  approximation  to  the  RG 
results  if  the  average  size  of  the  Gaussian  chain  is  re- 
placed by  its  swollen-chain  analog.  This  approximate 
concentration  profile  for  chains  with  excluded  volume 
and  variable  polymer-surface  interaction  should  prove 
useful  when  interpretating  experimental  results  for  low- 
grafting-density  polymer  layers  formed  in  good  sol- 
vents. 
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In  the  paper,  the  authors  present  results  of  inter- 
national comparisons  of  fixed-point  cells  of  some  of  the 
defining  fixed-point  materials  of  the  International  Tem- 
perature Scale  of  1990.  These  comparisons  involved 
cells  from  seven  national  laboratories,  although  in 
some  cases  only  one  type  of  fixed-point  material  from 
the  various  laboratories  was  to  within  1  mK. 
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Fused-silica  fibers  have  an  important  function  in  many 
measuring  instruments  used  in  scientific  research. 
Much  of  the  information  on  the  production  and  fabrica- 
tion methods  and  on  the  properties  of  the  fibers  is 
widely  scattered  throughout  the  technical  literature. 
This  Circular  is  a  survey  of  this  literature  and  a  sum- 
mary findings.  A  bibliography  of  pertinent  references 
on  the  subject  is  included  to  provide  the  sources  of 
more  complete  and  detailed  information  necessary  for 
specific  applications.  (Author). 
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rate.  Methyl  radicals,  Efficiency,  Alkanes,  Purification, 
Freezing,  Pressure,  Aviation  fuels.  Butenes,  Ethyl  radi- 
cals, Butanes,  Distillation,  Pentanes,  Olefin  polymers, 
Fractionation,  Heptanes,  Reprints,  "Paraffin  hydro- 
carbons, "Oiling  point,  Dimethylbutene, 
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In  an  investigation  of  the  suitability  of  various  paraffin 
hydrocarbon  constituents  of  aviation  fuel,  which  is 
being  conducted  for  the  National  Advisory  committee 
for  Aeronautics,  the  Navy  Bureau  of  Aeronautics,  and 
the  Army  Air  Corps,  four  olefin  and  seven  paraffin  hy- 
drocarbons have  been  obtained  in  a  state  of  high  pu- 
rity. Eight  of  these  materials  were  synthesized,  one 
was  isolated  from  a  commercial  synthetic  crude,  and 
two  were  obtained  from  commercial  sources.  All  were 
purified  by  distillation  in  automatically  controlled 
fractionating  columns  of  high  efficiency.  The  measured 
physical  properties  of  these  materials  included  freezing 
point,  oiling  point  and  its  variation  with  pressure,  refrac- 
tive index  and  density  and  their  variations  with  tem- 
perature, jg  p.1 . 
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The  major  proteoglycan  in  cartilage  (aggrecan)  is  a 
complex  macromolecule  with  numerous  chondroitin 
sulphate,  keratan  sulphate,  and  oligosaccharide 
substituents.  It  has  been  proposed  that  this  macro- 
molecule  has  an  important  role  in  regulating  min- 
eralization in  this  tissue,  a  process  which  is  initiated 
by  the  deposition  of  apatite  in  matrix  vesicles.  We  have 
used  a  liposome-centered  endogenous  precipitation 
method  as  a  model  for  matrix  vesicle  mineralization  to 
study  the  effect  of  the  rat  chondrosarcoma  aggrecan 
and  its  chondroitin  sulphate  and  core  protein  compo- 
nents on  apatite  formation  from  solution.  Aggrecan 
(0.5%)  in  the  suspending  medium  had  no  effect  on 
intraliposomal  precipitation,  but  severely  reduced  (ap- 
proximately 70%  reduction  at  24  h)  its  subsequent 
spread  into  the  medium.  The  chondroitin  sulphate  and 
core  protein  were  similarly  inhibitory.  The  degree  to 
which  aggrecan  and  its  constituent  parts  inhibited  pre- 
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cipitation  correlated  with  their  capacity  to  bind  Ca(2+) 
ions.  These  findings  suggest  that  functional  groups  in 
aggrecan  blocked  apatite  growth  by  linking  via  Ca(2+) 
bridges  to  growth  sites  on  the  crystal  surfaces.  Similar 
Ca-mediated  interactions  may  well  have  a  critical  regu- 
latory role  in  cartilage  mineralization. 
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High  temperature  superconducting  particles  of  the 
1:2:3  Yttrium-Barium-Copper  oxide  system  have  been 
synthesized  in  an  inverted  configuration  coannular  dif- 
fusion flame.  The  particles  were  produced  from  a  spray 
pyrolysis  technique,  employing  aerosolized  nitrate 
salts  of  Y,  Ba  and  Cu.  Particles  produced  showed  a 
transition  temperature  of  92  K  as  determined  by  mag- 
netic susceptibility  measurements.  The  particles  were 
shown  to  have  a  wide  particle  size  distribution,  ranging 
from  10  to  1000  nm.  It  was  also  observed  that  due  to 
the  effects  of  water  vapor  reactions  at  high  tempera- 
tures, only  a  diffusion  flame  successfully  produced  the 
correct  phase. 
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The  formation  of  octacalcium  phosphate  carboxylates, 
Ca8(HP04)m(carboxylate)n(P04)4-yH20,  by  conver- 
sion of  alpha-Ca3(P04)2  in  solutions  of  1 9  ammonium 
carboxylates  (monocarboxylates;  saturated,  unsatu- 
rated, hydroxy,  keto,  and  amino  dicarboxylates;  and 
tricarboxylates)  was  investigated.  The  various  solid 
phases  formed,  depending  on  initial  pH's  and  conver- 
sion times,  were  determined  by  X-ray  diffraction  and 
infrared  and  Raman  spectroscopy.  Octacalcium  phos- 
phate carboxylates  containing  structurally  incorporated 
malonate,  succinate,  adipate,  suberate,  sebacate, 
fumarate,  malate,  and  citrate  ions  were  formed  and 
identified.  Octacalcium  phosphate  carboxylates  were 
also  formed  from  pyruvate  and  alpha-ketoglutarate  so- 
lutions but  with  uncertain  carboxylate  ion  structures.  All 
of  these  identified  compounds  are  structurally  similar 
to  octacalcium  phosphates,  Ca8(HP04)2(P04)4- 
5H20,  but  have  expanded  a-axis  unit-cell  dimensions 
that  generally  increased  with  increasing  number  of  car- 
bon atoms  in  the  carboxylate  ion.  Among  these  com- 
pounds, of  special  importance  are  those  containing 
carboxylates  that  are  present  as  intermediates  in  the 
Krebs  cycle.  The  possible  precipitation  of  these 
octacalcium  phosphate  carboxylates  in  mitochondria 
and  their  possible  role  as  precursors  in  calcified  tissue 
formation  are  discussed. 


00,661 

PB95-163317       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSTL), 

Gaithersburg,  MD.  Biotechnology  Div. 

Equilibrium  and  Calorimetric  Investigation  of  the 

Hydrolysis  of  L-Tryptophan  to  (Indole  +  Pyruvate 

+  Ammonia). 

Final  rept. 

Y.  B.  Tewari,  and  R.  N.  Goldberg.  1994,  18p. 

Pub.  in  Jnl.  of  Solution  Chemistry  23.  n2  p167-184 

1994. 

Keywords:  *Calorimetry,  'Hydrolysis,  'Tryptophan, 
'Indoles,  'Ammonia,  'Pyruvates,  'Chemical  reactions, 


'Equilibrium,  High  pressure  liquid  chromatography, 
pH,  Temperature,  Enthalpy,  Catalysis,  Reprints. 

Apparent  equilibrium  constants  and  calorimetric 
enthalpies  of  reaction  have  been  measured  for  the  re- 
action L-tryptophan(aq)  +  H20(l)  =  indole(aq)  + 
pyruvate(aq)  +  ammonia(aq)  which  is  catalyzed  by  L- 
tryptophanase.  High-pressure  liquid-chromatography 
and  microcalorimetery  were  used  to  perform  these 
measurements.  The  equilibrium  measurements  were 
performed  as  a  function  of  pH,  temperature,  and  ionic 
strength.  The  results  have  been  interpreted  with  a 
chemical  equilibrium  model  to  obtain  thermodynamic 
quantities  for  the  reference  reaction:  L-tryptophan(aq) 
+  H20(l)  =  indole(aq)  +  pyruvate(-)(aq)  +  NH4(+)(aq). 
At  T  =  25  C  and  l(sub  m)  =  0  the  results  for  this  reaction 
are:  K(sup  o)  =  (1 .05  +  or  -  0.13)  times  ten  to  the  minus 
fourth  power,  Deltafsub  r)G(sup  o)  =  (22.71  +  or  -  0.33) 
kJ/mol,  Delta(sup  r)H(sup  o)  =  (62.0  +  or  -  2.3)  kj/mol, 
and  Delta(sub  r)S(sup  o)  =  (132  +  or  -  8)  J/K/mol. 
These  results  have  been  used  together  with  thermo- 
dynamic results  from  the  literature  to  calculate  stand- 
ard Gibbs  energies  of  formation,  standard  enthalpies 
of  formation,  standard  molar  entropies,  standard  molar 
heat  capacities,  and  standard  transformed  formation 
properties  for  the  substances  participating  in  this  reac- 
tion. 
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There  is  need  to  understand  the  structure  of  hard- 
sphere  dispersions  underflow  in  order  to  develop  mod- 
els for  colloid  rheology  since  changes  in  structure  are 
related  to  non-Newtonian  behavior.  Small-angle  neu- 
tron scattering  (SANS)  data  for  polymer  lattices,  be- 
having as  nearly  hard  spheres,  at  shear  rates  through 
the  region  of  the  shear  thinning  are  presented.  Inten- 
sity distributions  from  these  new  and  detailed  low- 
angle  scattering  experiments  are  compared  with  the  in- 
tensities calculated  directly  from  computer  simulations 
employing  a  Rouse  model. 
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The  most  useful  expression  for  the  orientational  prob- 
ability of  cylinders  on  a  suspension  subjected  to  a 
shear  field  is  that  of  Hayter  and  Penfold,  reported  in 
1984.  Here  an  alternative  equation  is  proposed  to  ac- 
count for  the  shear  induced  orientation  of  disks.  Our 
equation  is  then  used  to  interpret  SANS  (small  angle 
neutron  scattering)  intensity  data  from  dilute  aqueous 
suspensions  of  Na-montmorillonite.  Parenthetically  we 
note  that  SANS  studies  on  dilute  clay  suspensions  in 
equilibrium  are  well-known  but  that  investigations  of 
clay  suspensions  under  shear  are  not  in  the  literature. 
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In  the  'double-Voight'  approach,  an  exact  Voigt  func- 
tion describes  both  size-  and  strain-broadened  profiles. 
The  lattice  strain  is  defined  in  terms  of  physically  credi- 
ble mean-square  strain  averaged  over  a  distance  in  the 
diffracting  domains.  Analysis  of  Fourier  coefficients  in 
a  harmonic  approximation  for  strain  coefficients  leads 
to  the  Warren-Averbach  method  for  the  separation  of 
size  and  strain  contributions  to  diffraction  line  broaden- 
ing. The  model  is  introduced  in  the  Rietveld  refinement 
program  in  the  following  way:  Line  widths  are  modeled 
with  only  four  parameters  in  the  isotropic  case.  Varied 
parameters  are  both  surface-  and  volume-weighted 
domain  sizes  and  root-mean-square  strains  averaged 
over  two  distances.  Refined  parameters  determine  the 
physically  broadened  Voigt  line  profile.  Instrumental 
Voigt  line  profile  parameters  are  added  to  obtain  the 
observed  (Voigt)  line  profile.  To  speed  computation, 
the  corresponding  pseudo-Voigt  function  is  calculated 
and  used  as  a  fitting  function  in  refinement.  The  ap- 
proach allows  for  both  fast  computer  code  and  accu- 
rate modeling  in  terms  of  physically  identifiable  param- 
eters. 
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A  review  is  presented  of  the  emerging  field  of  neutral- 
species  kinetic-energy-enhanced  etching  of  silicon.  As 
the  gate  oxide  thickness  of  metal  oxide  semiconductor 
field-effect  transistors  (MOSFET)  is  decreased  to  di- 
mensions of  50  Angstroms  or  less,  the  potentially  dam- 
aging effects  of  high-kinetic-energy  ions  in  plasma 
processing  become  important.  New  methods  are  re- 
quired to  remove  material  in  a  more  refined,  selective 
manner.  In  this  review,  the  motivations  of  studies  of 
neutral-species  enhanced-kinetic-energy  etching  are 
described.  Currently  available  sources  of  neutral  reac- 
tive species  with  enhanced  kinetic  energies  of  1-10  eV 
are  discussed,  and  published  experimental  and  theo- 
retical investigations  of  enhanced-kinetic-energy  neu- 
tral etching  are  reviewed.  Problems  associated  with 
neutral  species  etching  are  also  considered,  and  some 
possible  future  developments  in  the  field  are  summa- 
rized. 
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The  low-temperature  magnetic  structure  of  MnCI2 
graphite  intercalation  compound  has  been  studied  by 
neutron  diffraction.  Magnetic  peaks  occur  at  wave  vec- 
tors incommensurate  with  the  MnCI2  and  graphene 
sublattices.  The  in-plane  spin  configuration  is  ex- 
plained by  an  exchange  Hamiltonian  that  includes 
three  shells  of  nearest  neighbors  in  the  plane.  The 
nearest-neighbor  exchange  is  ferromagnetic  but 
anamalously  weak,  and  the  magnetic  behavior  is  domi- 
nated instead  by  the  antiferromagnetic  third-neighbor 
interaction.  The  exchange  parameters  are  used  to  ex- 
plain the  spin  configuration  of  bulk  MnCI2  after  adding 
an  interplanar  coupling. 
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Scale-up  of  packed  bed  processes,  particularly  those 
involving  chromatographic  separations,  is  made  dif- 
ficult by  a  seemingly  inevitable  increase  in  dispersion 
due  to  packing  nonuniformity.  To  provide  a  suitable 
characterization,  the  authors  measured  the  spatial  dis- 
tribution of  dispersion  and  mixing  in  packed  beds  of 
uniform  impervious  spherical  glass  particles  by  a  tracer 
impulse  technique.  The  key  feature  in  this  work  is  the 
use  of  a  fiberoptic  array  at  the  exit  plane  to  obtain  a 
time-resolved  spatially  distributed  response.  All  experi- 
ments were  in  the  creeping  flow  regime.  The  authors 
used  a  fluorescent  dye  with  laser  excitation  through  the 
fiber  terminations  in  the  bed.  The  fluoresced  radiation 
was  collected  through  the  same  fibers.  They  analyzed 
the  data  by  the  use  of  indices  of  the  extent  of 
micromixing  based  on  Danckwerts's  original  degree  of 
segregation  and  an  additional  index  of  structural  uni- 
formity. The  computations  involve  a  moment  analysis 
of  the  individual  and  average  probe  responses.  A  sim- 
ple model  gives  expressions  for  the  indices  in  terms 
of  the  Peclet  number  and  is  shown  to  provide  a  useful 
limiting  case.  The  computed  indices  are  also  shown  to 
be  very  sensitive  to  adsorption  of  dye  on  the  surface 
of  the  glass.  However,  for  some  of  the  experiments 
with  the  largest  spheres  using  Pyrex  glass,  the  effects 
of  adsorption  are  indiscernible.  This  technique  suc- 
cessfully separates  the  contribution  of  micromixed  fluid 
to  overall  bed  dispersion  from  the  contribution  due  to 
the  transverse  variation  of  the  flow  residence  time. 


00,668 

PB94-1 99221       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (NML), 

Boulder,  CO.  Thermophysics  Div. 

Thermophysical  Property  Data  for  Supercritical 

Fluid  Extraction  Design. 

Final  rept. 

T.  J.  Bruno.  1991,  32p. 

Pub.  in  Supercritical  Fluid  Technology:  Reviews  in 
Modern  Theory  and  Applications,  Chapter  7,  p293-324 
1991. 

Keywords:  "Thermophysical  properties,  'Supercritical 
state,  'Extraction,  Reprints,  Vapor  pressure,  Solubility, 
Stability,  Equations  of  state,  Diffusivity,  'Supercritical 
fluid  extraction,  Chemical  stability. 

The  design  of  any  industrial-scale  separation  process 
requires  some  degree  of  knowledge  about  the 
thermophysical  and  chemical  properties  of  the  mate- 
rials to  be  separated.  This  knowledge  can  take  the 
form  of  experimentally  measured  data,  particular  for 
that  system,  or  predictions  obtained  from  a  suitable 
mathematical  model  such  as  an  equation  of  state  or 
empirical  data  correlation.  It  is  generally  considered 
better  to  use  predicted  properties,  since  calculations 
are  far  more  economical  to  perform  than  are  experi- 
mental studies.  Unfortunately,  there  are  relatively  few 
reliable  predictive  methods  currently  available  that 
have  sufficient  accuracy  to  be  used  in  the  design  of 
supercritical  fluid  extraction  (SFE)  processes.  This  is 
because  such  processes  usually  involve  high  pres- 
sures and  large,  often  polar,  solutes.  In  addition,  SFE 
processes  often  require  operation  near  solvent  critical 
points,  where  even  good  models  of  well-studied  sys- 
tems become  marginal.  This  lack  of  data  is  slowly  im- 
proving as  more  experimental  and  applied  theoretical 
studies  are  completed.  In  the  chapter,  the  more  impor- 
tant thermophysical  properties  needed  for  supercritical 
fluid  extraction  design  are  discussed  from  the  experi- 
mental point  of  view.  Both  the  solvent  and  solute  are 
discussed  in  terms  of  equilibrium  and  transport  prop- 
erties. 
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As  was  effectively  illustrated  by  H.  H.  Kellogg  in  his 
1966  Extractive  Metallurgy  Lecture  to  AIME,  vaporiza- 
tion chemistry  can  play  a  very  significant  role  in  extrac- 
tive metallurgy  as  well  as  in  other  materials  processes. 
The  field  of  high  temperature  chemistry,  with  its  em- 
phasis on  vapor  phase  material  transport,  has  contin- 
ued its  rapid  growth  over  the  almost  twenty  five  year 
period  since  Kellogg's  milestone  lecture.  This  presen- 
tation reviews  the  results  and  implications  of  this 
growth,  and  makes  recommendations  concerning  fu- 
ture directions  in  the  research  and  application  of  vapor 
transport  to  process  metallurgy.  Particular  emphasis  is 
given  to  advances  in  measurement  and  diagnostic 
techniques  and  to  the  development  of  process  models. 
Representative  examples,  taken  primarily  from  the  au- 
thors' respective  laboratories,  are  given  for  the  met- 
allurgical^ important  halide,  oxide  and  sulfide  systems. 
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Resonance  enhanced  multiphoton  ionization  (REMPI) 
studies  of  2-butene-1-yl  (1-methylallyl)  radicals  from 
two  geometric  isomers  of  C4H8  precursors  yield  two 
distinct  REMPI  spectra.  Analysis  of  these  spectra  re- 
veal: (1)  that  geometric  structure  is  preserved  in  this 
chemical  reaction  due  to  the  existence  of  a  rotational 
barrier  between  the  cis-  and  trans-1  -methylallyl  radi- 
cals; (2)  a  Rydberg-like  3p  doublet  B(sub  1)  intermedi- 
ate state  in  each  of  the  isomeric  radicals  through  which 
REMPI  occurs;  and  (3)  an  upper  limit  to  the  adiabatic 
ionization  potential  for  the  cis-1  -methylallyl  radical. 
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In  this  paper  we  review  the  in-situ  measurements  and 
modeling  of  an  aerosol  flame  reactor  producing  sub- 
micron  silica  aerosols  as  a  generic  ceramic.  Silica  pow- 
ders are  produced  in  a  hydrogen-oxygen  counter  flow 
diffusion  flame  reactor  and  interrogated  with  light  scat- 
tering methods  for  determination  of  the  time-tempera- 
ture history  of  particle  growth.  In  addition  laser-induced 
fluorescence  and  multi-photon  ionization  have  shown 


to  be  applicable  as  diagnostics  in  a  heavily  particle 
laden  flow.  These  diagnostics  have  been  used  to 
measure  the  OH  radical  and  silicon  atoms.  These  ex- 
perimental results  have  been  used  in  conjunction  with 
detailed  chemical  kinetics  and  aerosol  dynamic  models 
for  particle  growth.  The  results  show  the  effects  of 
multi-component  nucleation  can  alter  the  chemical  pu- 
rity of  the  resulting  solids. 


00,672 

PB95-151973       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (NML), 

Gaithersburg,  MD.  Chemical  Process  Metrology  Div. 

Controlled  Nucleation  in  Aerosol  Reactors  for 

Supression  of  Agglomerate  Formation. 

Final  rept. 

M.  R.  Zachariah,  and  P.  Dimitriou.  1990,  13p. 

Pub.  in  Aerosol  Science  and  Technology  13,  n4  p413- 

425  1990. 

Keywords:  'Aerosols,  'Nucleation,  'Retarding, 
'Agglomeration,  'Sintering,  Particle  size,  Monomers, 
Reprints,  'Controlled  nucleation. 

The  formation  of  agglomerated  particles  can  be  a  det- 
riment to  the  production  of  highly  sinterable  materials. 
It  has  been  seen  experimentally  that  agglomerates  are 
almost  exclusively  constructed  from  10-30  nm  primary 
particles.  This  paper  develops  criteria  for  the  avoid- 
ance of  these  small  primary  particles  through  control 
of  the  nucleation  rate.  The  relationship  between  par- 
ticle size  and  number  density  can  be  used  to  obtain 
regions  of  stable  and  unstable  particle  growth.  It  is 
seen  that  the  critical  source  rate  for  the  prevention  of 
runaway  nucleation  can  be  scaled  without  knowledge 
of  the  monomer  number  density. 
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Recent  interest  in  high  temperature  materials  have  fo- 
cused attention  on  the  processing  requirements  as  well 
as  the  fundamentals  of  submicron  particle  formation 
and  growth.  In  this  study,  silica  particle  growth  in 
flames  was  followed  by  in-situ  light  scattering  dissym- 
metry methods  for  the  measurement  of  particle  size 
and  number  density.  In  addition,  temperature  profiles 
for  the  flames  were  obtained  by  thermocouple  ther- 
mometry. The  majority  of  the  experiments  conducted 
have  used  silane  as  the  source  of  silicon,  although  a 
limited  number  of  experiments  using  organo-silicon 
compounds  have  been  tried.  The  results  have  shown 
that  the  silicon  source  concentration  and  the  tempera- 
ture are  the  two  dominant  variables  controlling  particle 
growth  and  morphology.  Two  particle  growth  models 
have  been  applied,  which  account  for  the  consumption 
of  the  gas  precursor,  nucleation,  and  subsequent 
growth  by  surface  condensation  and  coalescence. 
Comparison  with  experiment  have  shown  good  agree- 
ment. Finally,  numerical  simulations  of  the  gas  phase 
chemistry  of  silicon  have  shown  the  presence  of 
multicomponent  nucleation  under  some  conditions, 
evidence  for  which  has  been  observed  by  laser  extinc- 
tion measurements. 
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Ceramic  particle  formation  processes  have  been  stud- 
ied using  Si02  as  a  model  compound.  Silica  particles 
have  been  synthesized  in  a  counterpropagating  diffu- 
sion flame  reactor,  in  which  in-situ  measurements  of 
particle  size  and  number  density  have  been  made.  In 
addition,  the  time-temperature  history  of  the  particle 
field  has  been  calculated  from  a  flame  simulation.  Nu- 
merical simulations  using  moment  and  sectional  meth- 
ods for  particle  formation  have  been  applied  and  com- 
pared to  the  experimental  measurements.  The  simula- 
tions for  the  particle  formation  assume  a  kinetically- 
constrained  approach,  allowing  a  simple  representa- 
tion of  nucleation,  surface  growth  and  coagulation.  The 
results  suggest  that,  if  the  source  rates  are  known  well 
enough,  particle  formation  of  low  vapor  pressure  spe- 
cies can  be  predicted.  Both  models  do  well  in  predict- 
ing the  gross  features  of  particle  formation  (number 
density  and  mean  particle  size),  although  the  moment 
solution  does  a  poor  job  of  predicting  the  polydispersity 
effects  during  periods  of  high  monomer  generation 
rates. 
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Continuous  counter-current  column  operation  has 
been  shown  to  provide  operating  convenience  for  con- 
tacting two-phase  aqueous  partitioning  systems  for 
protein  extraction.  The  authors  discuss  in  detail  the  im- 
portant parameters  for  designing  spray,  packed,  plate 
and  York-Scheibel  columns  for  protein  recovery  using 
both  polymer-polymer  and  polymer-salt  two-phase 
aqueous  systems.  The  authors  compare  the  various 
contactors  for  their  operating  and  extraction  efficiency. 
The  work  also  provides  a  step-by-step  design  proce- 
dure, and  specific  recommendations  for  future  data 
needs. 
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Rheological  properties  have  been  measured  for  aque- 
ous solutions  of  dextran,  polyethylene  glycol  and  bo- 
vine serum  albumin.  Mixtures  of  these  materials  have 
also  been  studied.  A  rotating  concentric  cylinder  vis- 
cometer was  used  to  study  the  rheological  properties 
of  these  materials  over  the  temperature  range  10  to 
40  C.  Over  the  range  of  concentrations,  molecular 
weights,  temperature  and  shear  rates  covered  in  this 
work,  all  aqueous  solutions  exhibited  Newtonian  be- 
havior. Correlations  have  been  reported  for  viscosities 
of  dextran,  polyethylene  glycol,  and  bovine  serum  al- 
bumin. The  viscosity  of  mixtures  of  these  materials  is 
not  linear  with  respect  to  concentration. 
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Vapor  pressures  of  pentafluorodimethyl  ether  (E125) 
have  been  measured  from  (228  to  331)  K  using  two 
ebulliometers.  Experimental  pressures  ranged  from 
(65  to  2024)  kPa.  Thermodynamic  calculations  were 
used  to  estimate  pressures  down  to  140  K  (16.5  Pa), 
and  a  vapor  pressure  curve  is  given  which  is  valid  from 
140  K  to  the  critical  point  (354.49  K).  The  normal  boil- 
ing temperature  was  determined  to  be  238.06  K.  The 
enthalpy  of  vaporization  has  been  calculated  from  (1 40 
to  300)  K. 
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Enthalpy  increments  for  titanium  disilicide  were  meas- 
ured from  4.5  to  350  K  with  an  adiabatic  calorimeter. 
The  enthalpy  increments  were  combined  with  previous 
differential  scanning  calorimetry  values  to  500  K. 
Kopp's  rule  estimates  for  500-800  K,  and  previous  en- 
thalpy increment  measurements  for  temperatures  to 
1700  K  in  order  to  give  the  thermodynamic  properties 
of  titanium  disilicide  to  1700  K.  Values  of  the  Dibye 
temperature,  theta(D),  and  the  coefficient  for  the  heat 
capacity  of  the  conduction  electrons,  lambda(ei),  were 
determined  from  the  model.  Thermodynamic  prop- 
erties forformation  from  the  elements  at  298.15  K  were 
also  given. 


00,679 

PB96-204037       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Chemical  Kinetics  and  Thermo- 
dynamics Div. 

Enthalpy  Increment  Measurements  from  4.5  K  to 
350  K  and  the  Thermodynamic  Properties  of  the  Ti- 
tanium Silicide  Ti5Si3(cr). 

Final  rept. 

D.  G.  Archer,  D.  Filor,  E.  Oakley,  and  E.  J.  Cotts. 
1996,  5p. 

Pub.  in  Jnl.  of  Chemical  and  Engineering  Data,  v41  n3 
p571 -575  1996. 

Keywords:  'Thermodynamic  properties,  Reprints,  En- 
thalpy, Temperature  scales,  Measurements,  'Titanium 
silicides. 

Enthalpy  increments  for  Ti(5)Si(3)(cr)  were  measured 
from  4.5K  to  350K  with  an  adiabatic  calorimeter.  From 
a  representation  of  these  measurements  the  enthalpy 
relative  to  0  k,  the  entropy,  and  the  heat  capacity  of 
Ti(5)Si(3)(cr)  to  350  K  were  calculated.  Values  of  the 
Debye  temperature,  O  sub  D,  and  the  coefficient  for 
the  heat  capacity  of  the  conduction  electrons, 
gamma(ei),  were  determined  from  the  model.  Thermo- 
dynamic properties  for  formation  from  the  elements  at 
298.15  K  were  also  given.  Our  previous  value  of  O  sub 
D  for  TiSi(2)  was  revised  due  to  improvement  in  the 
method  of  representation. 
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Enthalpy  increments  for  cadmium  carbonate  were 
measured  for  temperatures  from  4.5  K  to  350  K  with 
an  adiabatic  calorimeter.  These  measurements  were 
used  to  compute  the  entropy,  enthalpy  relative  to  0  K, 
and  the  heat  capacity  of  cadmium  carbonate.  A  small 
anomaly  was  observed  for  the  sample  in  the  tempera- 
ture region  from  approximately  175  K  to  265  K.  Com- 
parison of  the  calculated  entropy  for  298.15  K,  103.88 
J.K-1.mol-1,  is  made  with  other  previously  published 
reference  values  to  arrive  at  a  more  precise  and  con- 
sistent set  of  thermodynamic  properties  for  otavite. 


00.681 

PB97-1 13047       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSTL), 

Gaithersburg,  MD.  Process  Measurements  Div. 

In-situ  Studies  of  a  Novel  Sodium  Flame  Process 

for  Synthesis  of  Fine  Particles. 

Final  rept. 

K.  L.  Steffens,  M.  R.  Zachariah,  D.  P.  Dufaux,  and  R. 
L.  Axelbaum.  1996,  6p. 

Pub.  in  Proceedings  of  the  Materials  Research  Society 
Symposium,  Boston,  MA.,  November  27-30,  1995, 
v400  p71-76Jul96. 

Keywords:  'Flames,  'Particles,  'Sodium,  Synthesis, 
Boron,  Nanoparticles,  Titanium,  Fluorescence,  Re- 
prints. 

The  study  focuses  on  the  optical  characterization  of  a 
novel  method  of  forming  nanoscale  titanium  and  boron 
particles,  which  can  be  used  to  form  ceramic  precur- 
sors such  as  TiB2.  TiCI4  or  BCI3  reacts  with  heated 
Na  vapor  in  a  counterflow  diffusion  flame  reactor.  After 
Na  strips  the  Ti  or  B  of  its  CI  atoms,  nanosize  Ti  or 
B  particles  form  and  become  encased  in  NaCI,  which 
helps  to  prevent  agglomeration  and  oxidation.  The  two- 
dimensional  spatial  distribution  of  the  Na  dimer  has 
been  optically  interrogated  using  planar  laser-induced 
fluorescence  (PLIF)  to  clarify  the  influence  of  the  con- 
centration distributions  and  transport  on  particle  forma- 
tion rates. 
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The  study  focuses  on  the  optical  characterization  of  a 
method  for  the  formation  of  nanoscale  titanium  and 
boron  particles.  The  versatile  method  can  also  be  used 
to  form  a  variety  of  metals  as  well  as  ceramic  powders 
such  as  TiB2.  The  gas-phase  chemical  process,  given 
by  (mn)Na  +  (n)MCIm  ->  (M)n  +  (mn)NaCI,  should  be 
generic  to  many  metal  chlorides  or  mixtures  of  metal 
chlorides.  In  the  study,  either  TiCI4  or  BCI3  is  reacted 
with  Na  vapor  in  a  counterflow  diffusion  flame  reactor. 
After  the  CI  is  stripped  from  the  metal  chloride  by  the 
Na  vapor,  nanosize  Ti  or  B  particles  form  and,  under 
certain  thermodynamic  circumstances,  become  en- 
cased in  NaCI,  which  helps  to  prevent  agglomeration 
and  postflame  oxidation.  The  two-dimensional  spatial 
distribution  of  Na2  has  been  optically  interrogated 
using  planar  laser-induced  fluorescence  under  various 
conditions  to  clarify  the  influence  of  concentration  and 
transport  on  particle  formation.  Reactant  concentration 
and  time  available  for  reaction  were  found  to  dramati- 
cally influence  the  reactive  flow. 
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Many  semiconductor  processes  require  that  stable  and 
known  flows  of  gas  be  delivered  to  the  processing 
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chamber.  The  thermal  mass  flow  meter  (TMFM)  is 
used  almost  exclusively  in  the  semiconductor  industry 
for  the  admission  of  process  gases.  While  TMFM's 
have  been  used  in  the  semiconductor  industry  for  over 
twenty  years,  much  still  remains  to  be  understood 
about  their  behavior.  The  abundance  of  TMFM  manu- 
facturers that  make  instruments  which  are  supposedly 
interchangeable  complicates  the  use  of  TMFM's  be- 
cause the  instruments  generally  have  different  designs 
and  performance.  While  some  attempt  has  been  made 
via  written  standards  to  address  the  specifications  of 
the  instruments,  these  standards  do  not  address  all 
performance  issues  and  cannot  eliminate  the  system- 
atic errors  in  the  original  manufacturers  calibration  of 
the  TMFM's.  Further,  the  TMFM's  used  to  measure  the 
process  gases  are  generally  calibrated  with  nitrogen 
and  'corrected'  for  other  gases,  but  the  correction  fac- 
tors are  not  well  understood  and  are  of  questionable 
reliability.  It  is  also  important  to  understand  how  the 
TMFM's  perform  under  conditions  that  differ  from  the 
laboratory  conditions  where  they  were  calibrated  and 
the  measurement  errors  that  are  introduced  as  a  result 
of  these  different  operating  conditions.  This  article  pre- 
sents data  on  the  performance  of  five  low-flow 
TMFM's,  from  different  manufacturers,  with  full  scale 
ranges  of  1.5x10(-6.)-3.7x10(-6)  mol/s  (2-5  seem).  The 
manufacturers'  calibration  of  the  TMFM's  with  nitrogen 
as  compared  to  the  National  Institute  of  Standards  and 
Technology  (NIST)  measured  values  differed  by  up  to 
17%.  Three  of  the  five  tested  TMFM's  were  within  the 
manufacturers'  stated  tolerance  of  +  or  -  1%  of  full 
scale.  While  some  of  the  instruments'  initial  calibration 
was  poor,  all  of  the  TMFM's  were  stable  to  within  + 
or  -  1%  of  full  scale  over  the  test  interval  of  nine 
months. 
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The  authors  have  used  a  comparative  ebulliometer  to 
measure  the  vapor  pressure  of  1,1,1,2,2- 
pentafluoropropane  (HFC245cb)  in  the  temperature 
range  (248  to  326)  K.  Pressures  ranged  from  (74  to 
995)  kPa.  The  data  were  adjusted  for  impurities  in  the 
sample.  The  temperature  of  the)  normal  boiling  point 
was  found  to  be  (255.1 1  plus  or  minus  0.10)K,  and  the 
Pitzer  acentric  factor  was  calculated  to  be  0.297.  An 
estimate  for  the  critical  pressure  is  given,  Pc=(3148 
plus  or  minus  15)  kPa. 
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The  long-term  solution  stability  of  trace  quantities  of 
polonium  in  dilute  hydrochloric  acid  has  been  inves- 
tigated. Polonium  solutions  at  trace  concentrations, 
under  various  alkaline,  neutral,  or  weakly  acidic  condi- 
tions are  known  to  be  unstable:  being  readily 
hydrolyzed,  chemically  deposited,  or  volatilized;  exhib- 
iting 'radiocollodial'  behavior;  and  undergoing  'plate- 
out'  or  adsorption  onto  glass  surfaces.  Although  stored 
polonium  solutions  are  generally  considered  to  be  sta- 
ble in  the  acid  range  of  0.1  to  1.0  normality  (N),  scant 
data  exist  on  any  possible  long-term  effects,  particu- 
larly for  very  dilute,  aged  solutions.  In  this  study,  pre- 


viously standardized  carrier-free  solutions  of  (208)Po 
activity  concentration,  ranging  in  age  from  1 .2  to  nearly 
9  years,  and  with  acid  concentrations  from  about  0.1 
to  2.0  N  HCI  were  re-assayed  to  determine  the  remain- 
ing soluble  fraction  of  polonium.  The  results  indicate 
that  at  acid  concentrations  of  a  few  tenths  of  1  N,  the 
solutions  are  clearly  unstable.  In  the  range  of  0.3  to 
0.5  N,  the  results  are  somewhat  equivocal.  Only  in  the 
range  at  or  above  1  N  do  the  solutions  appear  to  be 
stable  over  many  years,  approaching  a  decade.  All 
measurements  were  performed  by  4  pi-alpha  liquid 
scintillation  counting  of  gravimetrically-determined 
aliquots  of  the  standardized,  aged  solution  samples. 
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A  flow  injection  analysis  (FIA)  system  for  the  detection 
of  the  compounds  that  intercalate  within  DNA  is  re- 
ported. A  derivative  of  9,10-anthraquinone  has  been 
used  as  the  reference  compound  for 
photoelectrochemical  detection.  The  sodium  salts  of 
9,10-anthraquinone-2,6-disulfonic  acid  and  9,10- 
anthraquinone-2  sulfonic  acid  are  photochemically  ac- 
tivated and  then  reduced  in  the  presence  of  an  electron 
donor  (glucose).  The  electrochemical  signal  is  based 
on  the  measurement  of  the  anodic  current  resulting 
from  the  oxidation  of  the  reduced  form  of  9,10- 
anthraquinone.  The  reduced  form  of  the  9,10- 
anthraquinone  is  oxidized  through  a  mediated  mecha- 
nism at  the  surface  of  a  tetracyanoquinodimethane- 
(TCNQ)-modified  graphite  paste  electrode  covered  by 
a  Nucleopore  membrane.  TCNQ  acts  as  an  efficient 
mediator  for  the  oxidation  of  reduced  9,10- 
anthraquinone.  Cyclic  voltammetry,  photocyclic 
voltammetry,  and  the  photoelectrochemical  FIA  re- 
sponse of  9,10-anthraquinone  are  reported.  Experi- 
mental results  show  that  these  anthraquinones  can  be 
intercalated  within  the  helix  of  double-stranded  calf  thy- 
mus DNA. 
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The  rotational  state  and  translational  energy  distribu- 
tions of  CO  photodesorption  products  resulting  from 
the  266  nm  photolysis  of  Mo(CO)6  absorbed  on 
Si(111)  7X7  with  coverages  in  the  multilayer  regime 
are  reported.  State-resolved  measurements  show  two 
desorption  components  with  highly  disparate  energy 
dispositions.  Results  for  different  surface  temperatures 
indicate  that  the  energy  content  in  one  component 
reaches  quasi-equilibration  with  the  surface  tempera- 
ture, which  is  attributed  to  collisional  relaxation  of  nas- 
cent photodecomposition  products  within  the  adlayer. 
The  other  component  exhibits  disparate  rotational  and 
translational  'temperatures'  that  are  significantly  great- 
er than,  and  independent  of,  the  surface  temperature. 
These  nascent  photodecomposition  products  are  influ- 
enced by  both  energy  quenching  effects  and  dynami- 
cal constraints  imposed  by  the  existence  of  the 
adlayer. 
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Optically  driven  surface  reactions  are  attracting  an  in- 
creasing level  of  attention  in  the  physical  chemistry 
community.  Not  only  have  there  been  recent  advances 
in  establishing  the  viability  of  laser  driven  surface  reac- 
tions, but  there  has  also  been  an  increased  awareness 
of  the  need  to  understand  the  underlying  reaction 
mechanisms.  The  necessity  of  accounting  for  energy- 
transfer  processes  that  occur  on  the  femtosecond  time 
scale  is  now  apparent.  In  this  review  the  experimental 
and  theoretical  basis  of  our  current  understanding  is 
surveyed,  and  prospective  areas  of  advancement  are 
considered. 
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Over  the  past  ten  years  the  National  Institute  of  Stand- 
ards and  Technology  has,  through  its  Office  of  Radi- 
ation Measurement,  developed  several  national  Sec- 
ondary Laboratories  systems  in  the  field  of  ionizing  ra- 
diation. These  Secondary  Laboratories  systems  pro- 
vide the  necessary  calibrations  and  quality  assurance 
testing  to  support  and  affirm  the  caliber  of  the  meas- 
urements in  special  areas  of  ionizing  radiation.  The 
areas  that  are  supported  by  the  program  include  State 
Radiation  Protection,  Personnel  Dosimetry,  Survey  In- 
strument Calibration,  High-level  Dosimetry,  Radiation 
Therapy,  Bioassay,  Survey  Instrument  Testing,  Ioniz- 
ing Radiation,  Environmental  Radioactivity,  Radio- 
activity Standards,  and  Radon. 
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Rate  coefficients  for  the  reaction  C2H  +  C2H2  ->  C4H2 
+  H  are  measured  over  the  temperature  range  170-350 
K.  The  reactions  are  carried  out  in  a  temperature  vari- 
able flow  cell.  C2H  radicals  are  produced  by  pulsed 
laser  photolysis  of  C2H2,  and  a  tunable  infrared  color- 
center  laser  is  used  to  probe  the  transient  removal  of 
C2H  in  absorption  to  derive  the  rate  coefficients.  The 
results  show  that  the  rate  coefficient  is  independent  of 
temperature  over  the  range  170-350  K  and  equal  to 
(1.1  +  or  -  0.2)  x  10(sup  -10)  exp((28  +  or  -  20)n")  cc/ 
molecule/s.  The  reaction  studied  is  of  central  impor- 
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tance  for  models  of  the  photochemistry  of  the 
atmospheres  of  the  outer  planets,  in  particular  for  the 
satellite  Titan,  and  the  implications  of  the  present  re- 
sults for  these  models  are  discussed. 
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Vibrational  overtone  photodissociation  is  used  to  ex- 
amine rotationally  resolved  spectra  of  HN3  at  E(vib)  = 
15120/cm  and  17670/cm.  The  spectra  exhibit  exten- 
sive coupling  of  the  NH  stretching  overtones  to  back- 
ground vibrational  states.  Lifetimes  for  vibrational 
predissociation,  HN3(X  tilde)  -->  HN(X)  +  N2(X),  are 
found  to  be  210  nsec  and  0.95  nsec  for  the  levels 
v(NH)  =  5  and  6,  respectively. 
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The  reaction  of  the  potent  carcinogen  N- 
nitrosodimethylamine  (NDMA)  with  hydroxyl  radical 
generated  via  radiolysis  was  studied  using  EPR  tech- 
niques. Attempts  to  spin  trap  NDMA  radical 
intermediates  with  3,5-dibromo-4-nitrosobenzene 
sulfonate  (DBNBS)  produced  only  unusual  DBNBS 
radicals.  One  of  these  radicals  was  shown  to  be  gen- 
erated by  both  reaction  of  DBNBS  with  nitric  oxide,  and 
direct  oxidation  of  DBNBS  with  an  organic  oxidant 
(Br2(-)).  Another  DBNBS  radical  was  identified  as  a 
sulfite  spin  adduct  resulting  from  the  degradation  of 
DBNBS  by  a  NDMA  reactive  intermediate.  In  the  ab- 
sence of  DBNBS,  hydroxyl  radical  reaction  with  NDMA 
gave  the  dimethylnitroxide  radical.  Unexpectedly,  addi- 
tion of  DBNBS  to  a  solution  containing 
dimethylnitroxide  produced  an  EPR  spectrum  nearly 
identical  to  that  of  NDMA  solutions  with  DBNBS  added 
before  radiolysis.  A  proposed  mechanism  accounting 
forthese  observations  is  presented. 
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An  accelerator  mass  spectrometry  (AMS)  experiment 
was  designed  to  investigate  (14)C  target  performance 
for  two  target  types  over  a  range  of  isotopic  concentra- 
tions and  sample  sizes,  with  a  special  focus  on  the  abil- 
ity to  measure  (14)C  in  environmental  samples  having 
only  microgram  amounts  of  carbon.  The  findings  were 


positive,  showing  that  precision,  accuracy,  and  stability 
were  adequate  to  determine  (14)C  to  1%  or  better  in 
samples  containing  as  little  as  25  micrograms  carbons. 
Satisfactory  Poisson  uncertainty  and  target  stability 
were  demonstrated  down  to  a  level  of  7  micrograms 
carbon,  but  experimental  data  showed  that  accurate 
measurements  at  that  level  require  detailed  knowledge 
of  blank  variability  and  mass  dependence  of  the  mod- 
ern carbon  calibration  factor. 
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Photoionization  efficiency  (PIE)  spectra  of  IO(X2lli) 
were  measured  over  the  wavelength  range  lambda  = 
115.0  - 130.0  nm  and  in  the  ionization  threshold  region 
lambda  =  126.0  -  130.0  nm,  using  a  discharge  flow- 
photoionization  mass  spectrometer  apparatus  coupled 
to  a  synchrotron  radiation  source.  Iodine  oxide  was 
generated  by  the  reactions  of  0(3P)  atoms  with  12  and 
CF3I.  The  PIE  spectra  displayed  step-function  behav- 
ior. 


00,695 

PB96-1 60346       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (PL), 

Gaithersburg,  MD.  Ionizing  Radiation  Div. 

New  and  Revised  Half-Life  Measurement  Results. 

Final  rept. 

M.  P.  Unterweger,  D.  D.  Hoppes,  and  F.  J.  Schima. 
1992,  4p. 

Pub.  in  Nuclear  Instruments  and  Methods  in  Physics 
Research,  Section  A,  nA312  p349-352  1992. 

Keywords:  "Radioisotopes,  "Half-life,  "Measurement, 
Counting  techniques,  Comparisons,  Cobalt  60,  Kryp- 
ton 85,  Cesium  137,  Sodium  22,  Barium  133,  Bismuth 
207,  Europium  152,  Europium  154,  Europium  155,  An- 
timony 125,  Reprints. 

The  results  of  these  measurements  for  many  long-lived 
radionuclides  such  as  Co-60,  Cs-137,  Kr-85,  Na-22, 
Ba-133,  Bi-207,  Eu-152,  Eu-154,  Eu-155,  and  Sb-125 
have  been  recently  revised.  The  results  for  the  half- 
lives  of  the  many  radionuclides  measured  over  the  last 
three  decades  are  tabulated.  Comparisons  with  rec- 
ommended values  from  the  International  Atomic  En- 
ergy Agency  Coordinated  Research  Program  (IAEA- 
CRP)  are  given  for  the  long-lived  radionuclides. 
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Isotope  dilution  is  a  method  of  chemical  analysis  based 
on  the  mixing  (or  dilution)  of  a  radioisotope  or  a  sepa- 
rated stable  isotope  with  its  natural  isotope(s)  in  the 
sample.  The  activity  or  isotopic  latio  of  the  mixture  de- 
fines the  concentration  of  the  analyte,  which  is  a  tre- 
mendous advantange  for  measurement  since  quan- 
titative separation  of  the  analyte  is  not  required.  The 
technique  has  a  multitude  of  variations  and  has  been 
combined  with  many  classical  and  instrumental  proce- 
dures used  in  analytical  chemistry.  The  technique  is 
noted  for  its  accuracy.  This  review  focuses  on  the  ap- 
plication of  the  technique  in  the  determination  of  ele- 
mental concentrations  in  biological  systems. 
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The  accuracy  of  gamma-ray  spectrometric  measure- 
ments is  ultimately  limited  by  the  precision  of  Poisson 
counting  statistics.  With  careful  attention  to  detail,  all 
other  sources  of  error  in  the  ratio  of  activities  of  two 
sources  of  a  radionuclide  in  small  samples  can  be 
made  insignificant,  even  when  the  statistical  limit  is 
well  below  one  percent.  An  important  source  of  error 
comes  from  the  dinite  time  required  by  the  counting 
electronics  to  detect  and  process  pulses.  Dead-time 
losses  (mostly  in  the  analog-digital  converter)  are  usu- 
ally compensated  very  well  by  the  pulse-height  ana- 
lyzer, but  pileup  losses  (mostly  in  the  amplifier)  may 
not  be.  Errors  of  10%  or  more  may  result.  Several 
methods  are  available  for  detecting  and  correcting 
rate-related  losses.  These  methods  are  sufficiently  reli- 
able and  well  understood  that  a  decaying  source  can 
be  measured  with  acceptably  small  errors  even  at 
count  rates  as  high  as  tens  of  thousands  per  second. 
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Analysis  for  certification  have  been  made  by  instru- 
mental neutron  activation  analysis  (INAA)  for  the  deter- 
mination of  21  elements  in  the  Natiaonl  Institute  of 
Standards  and  Technology  (NIST)  Spinach  renewal 
reference  material,  SRM  1570a.  Elements  determined 
included  ones  with  short  half  life  products  (AI,V,  Ca, 
Mg),  intermediate  half  I  i  f  e  products  (Mn,  Na,  K,  La)  and 
long  half  life  products  (Ba,  Co,  Cr,  Cs,  Eu,  Fe,  Rb,  Sb, 
Sc,  Se,  Sr,  Th,  and  Zn).  For  the  first  time  a  new  robotic 
samplechanger  was  used  in  the  counting  of  long 
halflife  indicator  isotopes  for  certification  of  an  SRM. 
Uncertainties  obtained  averaged  plus  or  minus  1.80% 
for  the  four  major  and  minor  constituents  (Ca,  K,  Mg, 
Na);  plus  or  minus  3.14%  for  elements  with  concentra- 
tions from  1  to  400  mg/kg  (Al,  Ba,  Cr,  Fe,  Mn,  Rb,  Sr, 
and  Zn);  and  plus  or  minus  8.31%  for  the  ultra  trace 
elements  (less  than  mg/kg)  (Co,  Cs,  Eu,  La,  Sb,  Sc, 
Se,  Th,  and  V). 
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Instrumental  neutron  activation  analysis  (INAA)  has 
become  one  of  the  primary  analytical  techniques  for 
certification  of  elemental  content  in  biological  Standard 
Reference  Materials  (SRMs)  at  the  National  Institute 
of  Standards  and  Technology  (NIST).  One  important 
reason  why  INAA  has  become  so  widely  used  and  val- 
uable in  the  certification  of  NIST  SRMs  is  that  INAA 
has  unique  inherent  quality  assurance  (QA)  character- 
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istics  which  provide  the  capability  for  accurate  analysis 
and  which  often  allow  the  analytical  values  obtained 
to  be  internally  evaluated  and  cross  checked.  While  the 
NAA  technique  has,  the  general  characteristics  of  most 
spectroscopic  techniques,  the  specific  characteristics 
include  uniform  activation,  long  and  well-documented 
excited  states,  highly  penetrating  emitted  radiation, 
and  an  excited  state  decay  process  which  is  statis- 
tically random  in  nature. 
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The  Ni-63  half-life  has  been  determined  to  be  101.06 
+  or  -  1.97  years  based  on  three  independent  meas- 
urements, conducted  over  the  past  27  years,  of  the 
massic  activity  of  gravimetricaily-related  Ni-63 
sources.  The  present  result  is  the  first  and  only  deter- 
mination of  the  Ni-63  half-life  which  is  based  on  actu- 
ally following  the  radioactive  decay  of  Ni-63.  Based  on 
a  critical  evaluation  of  the  extant  data  set,  a  Ni-63  half- 
life  value  of  T  =  1 01 . 1  +  or  - 1 .4  years  is  recommended. 
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The  radionuclide  Ni-63  is  widely  employed  as  a  rel- 
atively iong-lived,  low-energy  beta-particle-emitting 
calibration  standard.  Between  1968  and  1995,  the  Na- 
tional Institute  of  Standards  and  Technology  (NIST), 
formerly  the  National  Bureau  of  Standards  (NBS),  ac- 
tively engaged  in  the  preparation  and  calibration  of  Ni- 
63  solution  standards.  The  chronicle  summarizes 
these  NIST/NBS  standardization  activities  and  high- 
lights the  remarkably  consistent  measurement  results 
obtaint.'d  on  the  standards  over  the  past  27  years. 
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PF  radicals  in  both  their  ground  and  metastable  elec- 
tronic: states  have  been  produced  by  the  gas  phase  re- 
action of  F  atoms  with  phosphine  in  a  discharge  flow 
reactor  and  detected  by  mass  selective  resonance  en- 
hanced multiphoton  ionization  (REMPI)  spectroscopy 
in  the  wavelength  range  410-225  nm.  Analysis  of  the 
longer  wavelength  end  of  this  spectrum  has  enabled 
identification  and  spectroscopic  characterization  of  five 
hitherto  unknown  Rydberg  states  of  this  radical. 
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GafChromic  DM-100  dosemeters  were  used  to  meas- 
ure absorbed  doses  in  liquid  samples  exposed  to  a 
137Cs  gamma  ray  source.  The  initial  calibration  of  the 
commercially  available  film  was  performed  using  60Co 
gamma  rays.  A  comparison  of  simultaneously  irradi- 
ated bare  dosemeters  mocked  to  simulate  the  liquid 
samples  shows  the  importance  of  iraddiation  of 
dosemeters  under  conditions  as  nearly  identical  to  that 
of  the  actual  sampels  as  possible.  In  addition,  the 
dosemeter  response  to  absorbed  dose  for  two  different 
batches  of  GafChromic  film,  to  different  temperatures 
at  the  time  of  irradiation  and  to  delay  before  readout, 
was  examined,  the  reproducibility  of  the  GafChromic 
dosemeter  is  also  discussed. 
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When  a  Ne:C2H2  sample  is  codeposited  at  approxi- 
mately 5  K  with  a  beam  of  neon  atoms  that  has  been 
excited  in  a  microwave  discharge,  a  sharp,  prominent 
absorption  assigned  to  Upsilon(3)  of  HCCH(+)  appears 
at  3137.6  cm(-1),  very  close  to  the  previously  reported 
gas-phase  band  center.  Experiments  on  carbon-13 
and  deuterium  substituted  samples  support  this  as- 
signment and  permit  the  identification  of  all  of  the  infra- 
red-active CH-  and  CD-stretching  fundamentals  of  the 
isotopically  substituted  acetylene  cations,  as  well  as 
the  determination  of  the  stretching  and  stretching-inter- 
action force  constants.  The  absorptions  of  the  carbon- 
13  substituted  acetylene  cations  have  also  been  identi- 
fied in  the  analogous  argon-matrix  experiments,  but 
exhibit  a  matrix  shift  of  approximately  30  cm(-1),  pos- 
sibly because  of  the  larger  polarizability  of  argon. 


00, 708 

AD-A275  828/2       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (NML), 

Gaithersburg,  MD.  Molecular  Physics  Div. 

Vibrational  Spectra  of  Molecular  Ions  Isolated  in 

Solid  Neon.  1 1 .  N02(+),  N02(-),  and  NOS(-). 

D.  Forney,  W.  E.  Thompson,  and  M.  E.  Jacox.  15 

Nov  93,  12p,  ARO-30094.3-CH. 

Availability:  Pub.  in  Jnl.  of  Chemical  Physics,  v99  n10 

P7393-7403,  15  Nov  93. 

Keywords:  'Infrared  spectra,  'Cations,  'Vibration, 
'Solids,  'Molecular  ions,  'Neon,  "Anions,  Electron  cap- 
ture, Ionization,  High  energy,  Nitrites,  Deposition,  Re- 
prints, "Vibrational  spectra,  Photodetachment. 

When  a  NE:N02  or  a  Ne:NO:02  sample  is 
codeposited  at  approximately  5  K  with  a  beam  of  neon 
atoms  that  have  been  excited  in  a  microwave  dis- 
charge, infrared  absorptions  of  N02+,  N02-,  and  N03- 
appear.  Detailed  isotopic  substitution  studies  support 
the  assignment  of  prominent  absorptions  to  v3  of 
N02+  and  N02-  and  of  weak  to  moderately  intense 
absorptions  to  the  v1  +  v3  combination  band  of  each 
of  these  species.  When  the  contribution  of 
anharmonicity  is  considered,  the  positions  of  the  N02+ 
absorptions  are  in  satisfactory  agreement  with  the  val- 
ues for  the  stretching  fundamentals  obtained  in  a  re- 
cent gas-phase  study  of  that  species.  When  the  samr 
pie  is  exposed  to  240-420  nm  mercury-arc  radiation, 
the  initially  present  absorptions  of  N03-  trapped  in 
sites  with  a  small  residual  cation  interaction  diminish 
in  intensity,  and  the  unsplit  v3  (e')  absorption  of  iso- 
lated N03-  grows.  The  mechanism  responsible  for  this 
growth  in  the  absorption  of  isolated  N03-  is  consid- 
ered. Electron  capture,  Infrared  spectrum,  Ionization, 
Neon  matrix,  N02+,  N02-,  N03-,  Photodetachment. 
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Pressure,  volume,  temperature,  internal  energy,  en- 
thalpy, and  entropy  of  normal  hydrogen  gas  have  been 
tabulated  along  isobars  in  1  deg  K  temperature  steps. 
The  range  covered  is  from  the  saturation  temperature 
to  300  deg  K  and  from  a  pressure  of  1  to  100 
atmospheres.  The  source  of  data  is  the  Research 
Paper  1932  of  the  National  Bureau  of  Standards  Jour- 
nal of  Research.  The  method  is  described  by  which  the 
data  presented  in  Research  Paper  1932  is  reduced  to 
properties  directly  useful  for  engineering  calculations. 
A  method  is  also  described  for  estimating  the  effect  of 
ortho-para  compositions  upon  the  tabulated  properties. 
Tabular  values  are  presented  in  the  dimensional  units 
of  the  metric  system.  The  tabulations  are  also  available 
in  the  dimensional  units  of  the  British  system  as  Tech- 
nical Note  No.  120,  Supplement  A. 
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Literature  data  have  been  used  to  calculate  K-factors 
for  the  hydrogen-carbon  monoxide  system  over  the 
range  of  68.2  to  122.2  deg  K  and  10  to  225 
atmospheres.  K-factors  are  presented  graphically  for 
eight  isotherms  over  this  range.  Published  data  on  the 
solid-vapor  region  are  presented  separately  as  com- 
position versus  pressure  at  constant  temperature.  A 
bibliography  of  approximately  450  references  is  also 
presented  on  related  properties  for  this  system  and  for 
the  pure  components. 
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This  research  was  inspired  by  the  compilation  of  Atom- 
ic energy  levels  as  derived  from  the  analyses  of  optical 
spectra.  While  compiling  the  data  on  gallium  spectra, 
C.  E.  Moore  noted  that  the  first  spectrum  of  gallium 
(Ga  I)  was  very  incompletely  investigated.  In  particular, 
no  Ga  I  lines  had  been  observed  with  wavelengths 
greater  than  6414  A  in  the  red,  although  two  infrared 
lines  (1 1904  and  12096  A)  were  predicted  in  1914  from 
spectral-series  formulas.  These  predicted  infrared 
lines  have  now  been  recorded  photographically,  and, 
in  addition,  37  new  Ga  I  lines  have  been  discovered. 
These  observations  have  led  to  revision  and  extension 
of  the  known  atomic-energy  levels  is  derived  from  the 
analysis  of  the  Ga  I  spectrum,  jg  p.1. 
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The  microwave  spectrum  of  the  nitromethane-water 
complex  (CH3N02-H20)  has  been  studied  with  a 
pulsed-beam  Fourier-transform  Fabry-Perot-cavity 
spectrometer.  Both  a-type  and  b-type  transitions  were 
observed  for  the  A  state  of  the  complex  with  the  b-type 
transition  being  more  intense  by  a  factor  of  2.  Critical 
to  the  rotational  assignments  were  well  resolved  (14)N 
nuclear  electric  quadrupole  transitions,  and  the  incor- 
poration of  the  pulsed  nozzle  in  one  of  the  mirrors 
which  provided  a  beam  coaxial  with  the  cavity  axis  to 
attain  linewidths  of  about  2  kHz  (full-width  at  half  maxi- 
mum-FWHM).  To  provide  additional  structural  informa- 
tion, the  spectra  of  the  HDO,  D20,  and  Cd3N02 
substituents  were  assigned.  The  molecular  structure 
derived  from  the  moments  of  inertia  has  a  center  of 
mass  separation  of  3.506(7)  A.  The  moments  of  inertia 
can  not  distinguish  between  two  possible  forms  of  the 
complex,  one  with  the  dipole  moment  vectors  aligned 
and  the  other  with  them  antialigned.  jg  p. 2. 
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This  paper  presents  a  group  of  tables  that  give  the  fre- 
quencies, assignment  of  quantum  numbers,  and  inten- 
sities of  over  700  microwave  absorption  lines.  The  best 
available  values  of  other  pertinent  molecular  data, 
such  as  moments  of  inertia,  dipole  moments, 
quadrupole  coupling  constants,  and  rotation-vibration 
constants  are  also  included.  The  frequencies  are  listed 
once  for  each  molecule  and  again  in  consecutive  as- 
cending order  of  frequency.  References  are  given  for 
all  data  included.  Frequencies  listed  to  the  nearest 
megacycle  were  generally  measured  with  a  cavity 
wave  meter  and  may  be  in  error  by  as  much  as  10 
megacycles,  whereas  those  given  to  a  fraction  of 
megacycle  are  generally  known  to  an  accuracy  of 
about  0.1  megacycle,  jg  p.  1. 
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Annual  rept.  18  Apr  94-31  Mar  95. 

R.  D.  Deslattes,  and  L.  Hudson.  30  Apr  95,  23p. 

Contract  MIPR-94MM4539 

Document  partially  illegible. 

Keywords:  'Spectrometry,  'Image  registration,  Breast 
cancer,  Setting(Adjusting),  Detection,  Clinical  medi- 
cine, Prototypes,  Crystals,  X  rays,  Radiography,  Dif- 
fraction, Quantum  efficiency,  Spectrometers,  Solid 
state  electronics,  Pharmacology,  Mammography,  Ret- 
rofitting, Abrasives,  Image  tubes,  Dental  equipment. 

Phase  one  of  this  contract  has  been  devoted  to  the 
development  and  demonstration  of  the  MST  prototype 
crystal  spectrometer  which  was  designed  to  provide 
accurate  measurement  of  x-ray  source  voltage  and  full 
spectral  characterization  of  the  radiation  emitted  from 
mammographic  x-ray  sources.  A  major  ad  vance  has 
been  the  movement  from  film  to  solid  state  image  reg- 
istration. Our  current  systems  take  advantage  of  re- 
cently introduced  large  area  digital  radiography  sen- 
sors which  are  now  being  used  in  place  of  dental  film. 
Initial  clinical  trials  indicated  the  need  for  improved  de- 
tection quantum  efficiency.  This  has  been  overcome 
primarily  by  increasing  the  crystal  bandpass  with  an  air 
abrasive  treatment  of  the  surface  and  retrofitting  the 
sensor  with  a  thicker  scintillating  material.  The  signifi- 
cance of  these  advances  is  that  we  now  have  an  instru- 
ment which:  measures  kVp  to  an  accuracy  in  excess 
of  clinical  requirements,  is  easily  adaptable  to  the  clini- 
cal setting,  records  the  entire  spectral  profile,  including 
the  effects  of  both  inherent  and  added  filtration,  and 
is  sensitive  enough  to  obtain  these  data  within  the  time 
of  a  typical  mammographic  exposure.  Not  only  will  this 
contribute  to  the  quality  control  of  mammography  but 
potentially  to  refinements  in  technique. 
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Measurement  of  the  Thermal  Properties  of  Elec- 
trically Conducting  Fluids  Using  Coated  Transient 
Hot  Wires. 

R.  A.  Perkins.  1994,  9p,  CONF-9404137-6. 
Contract  AI05-89ER13992 

Symposium  on  Energy  Engineering  Sciences  \'12th), 
Argonne,  IL  (United  States),  27-29  Apr  1994.  Spon- 
sored by  Department  of  Energy.  Washington,  DC. 

Keywords:  'Argon,  'Fluorinated  Aliphatic  Hydro- 
carbons, 'Probes,  'Thermal  conductivity,  Design,  Elec- 
trical Insulation,  Experimental  Data,  Performance,  Pro- 
tective Coatings,  Refrigerants,  Supercritical  SHate, 
Tantalum  Oxides,  Tables(data),  EDB/360606.  I£DB/ 
440500. 

Measurements  of  fluid  thermal  properties  using  the 
transient  hot-wire  technique  are  described.  When  bare 
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hot  wires  are  used  in  electrically  conducting  fluids  there 
are  additional  measurement  uncertainties  due  to  the 
formation  of  electric  double  layers  on  the  surfaces  of 
the  wires  and  the  cell  wall.  If  the  electrical  conductivity 
of  the  fluid  is  large  enough  there  is  also  significant 
power  generation  in  the  fluid.  These  measurement  un- 
certainties can  be  eliminated  by  electrically  insulating 
the  hot  wires  with  a  thin  film.  The  use  of  tantalum  hot 
wires  with  an  anodized  layer  of  tantalum  pentoxide  is 
demonstrated  with  measurements  on  nonpolar  argon 
and  polar  1,1,1,2  tetrafluorethane  (R134a).  Although 
coated  tantalum  hot  wires  have  been  used  previously 
in  a  transient  mode  to  measure  the  thermal  conductiv- 
ity of  liquids,  this  work  is  the  first  demonstration  of  the 
use  of  coated  wires  to  measure  thermal  conductivity 
in  the  liquid,  vapor,  and  supercritical  gas  phases. 
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Atom-counting  standards  and  Doppler-free  reso- 
nance ionization  mass  spectroscopy.  (Progress  re- 
port). 

J.  M.  R.  Hutchinson,  and  K.  G.  W.  Inn.  1988,  9p, 

DOE/ER/60447-T2. 

Contract  AI05-86ER60447 

Sponsored  by  Department  of  Energy,  Washington,  DC. 

Keywords:  "Resonance  Ionization  Mass  Spectroscopy, 
Beryllium  Isotopes,  Molybdenum  Isotopes,  Progress 
Report,  Trace  Amounts,  Uranium,  EDB/400102. 


This  program  has  two  components:  quantification  and 
improvement  of  ultrasensitive  techniques,  and  devel- 
opment of  isotopic  ratio  standards  in  the  ultrasensitive 
range  of  10(sup  (minus)10)  and  lower.  Data  sheets 
were  developed. 


00,724 

N95-1 5839/0       (Order  as  N95- 15827/5,  PC  A07/ 
MF  A02) 
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Investigating  the  3.3  Micron  Infrared  Fluorescence 
from  Naphthalene  Following  Ultraviolet  Excitation. 

R.  M.  Williams,  and  S.  R.  Leone.  May  94,  6p. 
In  NASA  Ames  Research  Center,  the  Diffuse  Inter- 
stellar Bands:  Contributed  Papers  p  59-64. 


Keywords:  "Infrared  spectra,  "Naphthalene,  Absorp- 
tion spectra,  Fluorescence,  Molecular  excitation, 
Vapor  phases,  Excimer  lasers,  Fourier  transformation, 
Polycyclic  aromatic  hydrocarbons,  Spectrometers,  Ul- 
traviolet lasers,  Intermediate  infrared  radiation. 


Polycyclic  aromatic  hydrocarbon  (PAH)  type  molecules 
are  proposed  as  the  carriers  of  the  unidentified  infrared 
(UIR)  bands.  Detailed  studies  of  the  3.3  micrometer  in- 
frared emission  features  from  naphthalene,  the  sim- 
plest PAH,  following  ultraviolet  laser  excitation  are 
used  in  the  interpretation  of  the  3.29  micrometer  (3040 
cm(sup  -1))  UIR  band.  A  time-resolved  Fourier  trans- 
form spectrometer  is  used  to  record  the  infrared  emis- 
sion spectrum  of  gas-phase  naphthalene  subsequent 
to  ultraviolet  excitation  facilitated  by  an  excimer  laser 
operated  at  either  193  nm  or  248  nm.  The  emission 
spectra  differ  significantly  from  the  absorption  spec- 
trum in  the  same  spectral  region.  Following  1 93  nm  ex- 
citation the  maximum  in  the  emission  profile  is  red- 
shifted  45  cm(sup  -1)  relative  to  the  absorption  maxi- 
mum; a  25  cm(sup  -1)  red-shift  is  observed  after  248 
nm  excitation.  The  red-shifting  of  the  emission  spec- 
trum is  reduced  as  collisional  and  radiative  relaxation 
removes  energy  from  the  highly  vibrational^  excited 
molecules.  Coupling  between  the  various  vibrational 
modes  is  thought  to  account  for  the  differences  be- 
tween absorption  and  emission  spectra.  Strong  visible 
emission  is  also  observed  following  ultraviolet  exci- 
tation. Visible  emission  may  play  an  important  role  in 
the  rate  of  radiative  relaxation,  which  according  to  the 
interstellar  PAH  hypothesis  occurs  only  by  the  slow 
emission  of  infrared  photons.  Studying  the  visible 
emission  properties  of  PAH  type  molecules  may  be 
useful  in  the  interpretation  of  the  DIB's  observed  in  ab- 
sorption. 
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Electroacoustics  for  Characterization  of  Particu- 
lates and  Suspensions.  Proceedings  of  a  Work- 
shop. Held  in  Gaithersburg,  Maryland  on  February 
3-4,1993. 

Special  pub. 

S.  G.  Malghan.  Sep  93,  343p,  NIST/SP-856. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 

03237-9. 

Keywords:  "Meetings,  "Electroacoustics,  "Laboratory 
equipment,  "Particulates,  "Colloids,  Ceramics, 
Electrokinetics,  Suspensions,  Measuring  instruments, 
Zeta  potential,  Performance  evaluation,  Aqueous  solu- 
tions, Surface  chemistry,  Coatings,  Polarity. 

The  electroacoustic  technique,  based  on  physical  af- 
fects described  by  Debye,  is  relatively  new  and  the  lab- 
oratory instrumentation  has  become  available  only  in 
the  last  decade.  This  new  instrumentation  by  Matec 
Applied  Sciences  and  Pen  Kern  Inc.  is  based  on  the 
application  of  either  electrical  fields  or  ultrasound  as 
external  fields  to  the  particles  and  measurement  of  the 
resulting  electrical  or  ultrasonic  response.  These  in- 
struments, while  addressing  the  primary  drawbacks  of 
electrophoresis  instruments,  allow  the  determination  of 
signals  that  are  related  to  the  electrokinetic  zeta  poten- 
tial for  colloidal  suspensions  in  polar  and  nonpolar 
media.  In  recent  years,  the  electroacoustic  technique 
has  been  extensively  utilized  for  the  characterization 
of  a  variety  of  particulates  in  dense  suspensions  of 
polar  and  nonpolar  liquids  with  great  success.  As  a  re- 
sult of  this  surge  in  activity,  a  number  of  technical  is- 
sues have  surfaced.  In  order  to  discuss  these  issues 
and  develop  a  common  understanding  of  the  fun- 
damentals of  electroacoustics,  a  workshop  was  orga- 
nized at  the  suggestion  of  the  user  community.  The 
volume  contains  all  but  two  papers  presented  at  the 
workshop. 
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E.  R.  Grilly.  1993,  12p. 

Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v98  n6,  p679-690  Nov/ 
Dec  93. 

Keywords:  "Tritium,  "Thermodynamic  properties,  Tem- 
perature range  0013-0065  K,  Temperature  depend- 
ence, Pressure  dependence,  Solidified  gases,  Lique- 
fied gases,  Deuterium,  Hydrogen. 

PVT  relations  in  liquid  and  solid  T2  near  the  melting 
curve  were  measured  over  20.5  K-22.1  K  and  0  MPa- 
7  MPa  (0  bar-70  bar)  with  a  cell  that  used  diaphragms 
for  pressure  and  volume  variation  and  measurement. 
Because  of  ortho-para  self  conversion,  the  melting 
pressure  P(m)  and  the  liquid  molar  volume  V(lm)  in- 
creased with  time.  Measurements  of  the  volume 
change  on  melting  and  the  thermal  expansion  and 
compressibility  for  liquid  T2  were  consistent  with  those 
for  H2  and  D2,  Impurities  such  as  H2,  HT,  DT,  and 
(3)He  were  removed  by  a  technique  using  an  adsorp- 
tion column  of  cold  activated  alumina.  Corrections  for 
(3)He  growth  during  an  experiment  were  adequate  ex- 
cept near  the  triple  point. 
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Keywords:  "Catalogs(Publications),  "Data  bases, 
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The  National  Institute  of  Standards  and  Technology's 
(NIST)  Standard  Reference  Data  Program  provides  re- 
liable, well-documented  data  to  scientists  and  engi- 
neers for  use  in  technical  problem-solving,  research, 
and  development.  This  catalog  lists  published  data 
compilations  and  current  databases  in  the  Standard 
Reference  Database  Series.  The  activities  concentrate 


in  the  following  disciplines:  Analytical  Chemistry;  Atom- 
ic and  Molecular  Physics;  Biotechnology;  Chemical  Ki- 
netics; Materials  Properties;  Process  Design;  Thermo- 
dynamics and  Thermochemistry;  and  Thermophysical 
Properties  of  Fluids. 
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CSTL  Technical  Activities  1 991 . 

H.  S.  Hertz,  and  B.  I.  Diamondstone.  Feb  92,  353p. 
See  also  report  for  1992,  PB93-1 73482.  Presented  to 
the  Board  on  Assessment  of  NIST  Programs,  National 
Research  Council,  February  11-12, 1992. 

Keywords:  "Research  and  development,  "Chemistry, 
Biochemistry.  Biotechnology,  Chemical  engineering, 
Analytical  chemistry,  Reaction  kinetics,  Metrology, 
Thermodynamics,  Inorganic  compounds,  Particulates, 
Organic  compounds,  Technology  transfer,  Surface 
chemistry,  Measurement,  Thermophysics,  Processing, 
Microanalysis,  Quality  assurance,  US  NIST,  "Chemical 
Science  and  Technology  Library. 

The  report  summarizes  the  technical  activities  of  the 
Chemical  Science  and  Technology  Laboratory  at  the 
National  Institute  of  Standards  and  Technology.  It  em- 
phasizes activities  over  the  Fiscal  Year  1 991  in  the  Bio- 
technology Division,  the  Chemical  Engineering  Divi- 
sion, the  Chemical  Kinetics  and  Thermodynamics  Divi- 
sion, the  Inorganic  Analytical  Research  Division,  the 
Organic  Analytical  Research  Division,  the  Process 
Measurements  Division,  the  Surface  and 
Microanalysis  Division  and  the  Thermophysics  Divi- 
sion. 
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of  Standards  and  Technology,  Gaithersburg,  MD. 
Available  from  American  Chemical  Society,  1155  Six- 
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C.  B.  Alcock,  M.  W.  Chase,  and  V.  Itkin.  c1993,  85p. 
Prepared  in  cooperation  with  National  Inst,  of  Stand- 
ards and  Technology  (NML),  Gaithersburg,  MD.  Stand- 
ard Reference  Data,  and  Toronto  Univ.  (Ontario).  Dept. 
of  Metallurgy  and  Materials  Science. 
Included  in  Jnl.  of  Physical  and  Chemical  Reference 
Data,  v22  n1  p1  -85  Jan/Feb  93.  Available  from  Amer- 
ican Chemical  Society,  1 1 55  Sixteenth  St.,  NW,  Wash- 
ington, DC.  20036-9976. 

Keywords:  "Research,  "Physical  chemistry.  Alkaline 
earth  metals,  Thermodynamics,  Gibbs  free  energy, 
Specific  heat,  Enthalpy,  Phase  transformations,  Chem- 
ical equilibrium,  Heat  of  fusion,  Heat  of  transformation. 

The  thermodynamic  properties  of  the  alkaline  earth 
metals  in  the  condensed  state  have  been  critically  re- 
assessed, and  recommended  values  for  all  of  the  rel- 
evant thermodynamic  properties  are  given.  These  val- 
ues are  compared  with  those  published  in  recent  re- 
views by  the  staff  at  the  Institute  for  High  Temperatures 
(Moscow)  and  the  National  Institute  of  Standards  and 
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Technology  (Washington,  DC),  and  the  reasons  for 
any  differences  are  discussed  in  detail.  A  direct  result 
of  this  review  is  a  set  of  recommendations  for  experi- 
mental studies  which  should  enhance  the  reliability  of 
the  thermodynamic  results. 
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Spectroscopy  and  Structure  of  the  Lithium  Hydride 
Diatomic  Molecules  and  Ions. 

W.  C.  Stwalley,  and  W.  T.  Zemke.  C1993,  26p. 
Prepared  in  cooperation  with  Wartburg  Coll.,  Waver- 
ley,  IA.  Dept.  of  Chemistry. 

Included  in  Jnl.  of  Physical  and  Chemical  Reference 
Data,  v22  n1  p87-112  Jan/Feb  93.  Available  from 
American  Chemical  Society,  1155  Sixteenth  St.,  NW, 
Washington,  DC.  20036-9976. 

Keywords:  "Research,  'Physical  chemistry,  Lithium  hy- 
dride, Hydrides,  Reaction  kinetics,  Dissociation  en- 
ergy, Molecular  spectroscopy,  Molecular  structure,  Iso- 
tope effect,  Potential  energy,  Born-Oppenheimer  ap- 
proximation. 

All  significant  experimental  measurements  and  many 
theoretical  calculations  of  the  spectroscopy  and  struc- 
ture of  the  isotopic  lithium  hydrides  ((6)LiH,  (7)LiH, 
(6)LiD,  (7)LiD)  are  identified  and  reviewed.  Published 
molecular  constant  determinations  from  conventional 
and  laser  spectroscopy  are  evaluated;  recommended 
spectroscopic  constants  for  the  X(1)sigma(+1), 
A(1)sigma(+1)  and  B(1)ll  states  are  tabulated.  Poten- 
tial energy  curves  (RKR,  IPA  and  hybrid)  for  the 
X(1)sigma(+1),  A(1)sigma(+1)  and  B(1)ll  states  are 
evaluated  and  recommended  curves  are  tabulated. 
Adiabatic  corrections  to  the  Born-Oppenheimer  ap- 
proximation are  also  reviewed.  Calculations  on  LiH(+1 ) 
and  LiH(-1 )  are  also  listed  and  described  briefly. 
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of  Molecular  Oxygen  in  Solution. 
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150p. 

Prepared  in  cooperation  with  Notre  Dame  Univ.,  IN. 
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Included  in  Jnl.  of  Physical  and  Chemical  Reference 
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Quantum  chemistry,  Photosensitivity,  Atomic  energy 
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Quenching  of  excited  singlet  and  triplet  states  of  many 
substances  by  ground  state  molecular  oxygen  pro- 
duces singlet  oxygen,  the  lowest  electronically  excited 
singlet  state  of  molecular  oxygen,  02(1  delta  sub  g). 
The  fractions  of  singlet  and  triplet  states  quenched 
which  produce  singlet  oxygen  and  the  quantum  yields 
of  formation  of  singlet  oxygen  in  fluid  solutions  have 
been  critically  compiled.  Methods  for  determining  yield 
parameters  have  been  reviewed.  Data  have  been  com- 
piled from  the  literature  through  1 991 .  Photosensitizers 
are  included  in  Table  1.  Porphyrins  and 
phthalocyanines  are  included  in  Table  2.  Other  mate- 
rials which  have  been  investigated  for  singlet  oxygen 
production,  such  as  dyes  and  drugs,  are  collected  in 
Table  3  along  with  heterogeneous  systems  such  as 
polymer-bound  photosensitizers. 
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Wavelengths  and  their  classifications  have  been  com- 
piled for  the  spectra  of  the  atom  and  all  positive  ions 
of  sulfur  (Z  =  16).  The  selections  of  data  are  based 
on  the  compilations  of  energy  levels  by  Martin, 
Zalubas,  and  Musgrove  in  1990,  with  some  updating 
from  the  more  recent  literature.  Wavelengths  (or 
wavenumbers)  calculated  from  the  differences  of  the 
energy  levels  are  given  along  with  the  observed  values 
for  all  classified  lines;  these  calculated  wavelengths 
should  in  general  be  more  accurate  than  the  observed 
values  wherever  the  two  values  differ  significantly.  No 
limitation  has  been  imposed  on  the  wavelength  range 
of  the  classified  lines,  except  for  the  omission  of  x-ray 
transitions  in  the  neutral  atom.  Two  finding  lists  are 
also  included,  one  for  S  I  through  S  III  and  the  other 
for  S  IV  through  S  XVI. 
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The  thermodynamic  properties  of  the  mono-olefins 
with  carbon  numbers  greater  than  C4  were  reviewed. 
Properties  included  critical  properties,  vapor  pres- 
sures, densities,  second  virial  coefficients,  enthalpies 
of  vaporization,  heat  capacities,  and  enthalpies  of  com- 
bustion. Enthalpies  of  formation  for  the  liquid,  gas,  and 
ideal-gas  state  at  298.15  K  were  calculated  for  47  com- 
pounds based  on  the  experimental  values.  Gaps  in  the 
available  data  were  identified  and  recommendations 
for  additional  experiments  are  made.  Evidence  for  er- 
rors in  several  of  the  original  experimental  results  is 
presented,  and  revised  values  are  suggested. 
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A  model  is  presented  for  the  thermodynamic  properties 
of  the  aqueous  mixture  of  carbon  dioxide,  up  to  30 
mol%  composition,  in  a  large  range  of  temperatures 
(400-1000  K)  and  pressures  (0-100  MPa)  around  the 
critical  point  of  water.  The  model  for  the  Helmholtz  free 
energy  of  the  mixture  is  based  on  the  principle  of  gen- 
eralized corresponding  states,  with  the  NBS/NRC 
Steam  Tables  as  the  reference  state  for  pure  water. 
Input  to  the  model  are  data  for  the  critical  line  of  the 
mixture,  apparent  molar  volume  and  pVTx  data  in 
supercritical  water,  phase  boundaries,  excess 
enthalpies  and  mixture  second  virial  coefficient  data. 
Comparisons  are  presented  with  those  data,  with 
Henry's  constants  and  with  other  formulations  avail- 
able for  this  system.  The  Fortran  codes  for  generating 
these  properties  are  listed  in  Appendix  B. 
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Equilibrium  constants  and  enthalpy  changes  for  reac- 
tions catalyzed  by  oxidoreductases  have  been  com- 
piled. For  each  reaction  the  following  information  is 
given:  the  reference  for  the  data;  the  reaction  studied; 
the  name  of  the  enzyme  used  and  its  Enzyme  Com- 
mission number;  the  method  of  measurement;  the  con- 
ditions of  measurement  (temperature,  pH,  ionic 
strength,  and  the  buffer(s)  and  cofactor(s)  used);  the 
data  and  an  evaluation  of  it;  and,  sometimes,  com- 
mentary on  the  data  and  on  any  corrections  which 
have  been  applied  to  it.  The  data  from  205  references 
have  been  examined  and  evaluated.  Chemical  Ab- 
stract Service  Registry  Numbers  have  been  assigned 
to  the  substances  involved  in  these  various  reactions. 
There  is  a  cross  reference  between  the  substances 
and  the  Enzyme  Commission  numbers  of  the  enzymes 
used  to  catalyze  the  reactions  in  which  the  substances 
participated. 
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Estimation  of  the  Heat  Capacities  of  Organic  Liq- 
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A  second-order  group  additivity  method  has  been  de- 
veloped for  the  estimation  of  the  heat  capacity  of  liquid 
hydrocarbons  as  a  function  of  temperature  in  the  range 
from  the  melting  temperature  to  the  normal  boiling  tem- 
perature. The  temperature  dependence  of  group  con- 
tributions and  structural  corrections  has  been  rep- 
resented by  a  polynomial  expression.  Recommended 
heat  capacities  from  a  large  compilation  of  critically 
evaluated  data  that  contains  over  1300  organic  liquids 
served  as  a  database  both  for  the  development  and 
testing  of  the  method. 
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A  second-order  group  additivity  method  has  been  de- 
veloped for  the  estimation  of  the  heat  capacity  of  liquid 
organic  compounds  containing  carbon,  hydrogen, 
halogens,  nitrogen,  oxygen,  and  sulfur.  The  method 
permits  the  estimation  of  the  heat  capacity  as  a  func- 
tion of  temperature  in  the  range  from  the  melting  tem- 
perature to  the  normal  boiling  temperature.  Group  con- 
tributions and  structural  corrections  have  been  made 
temperature  dependent  by  the  use  of  a  polynomial  ex- 
pression. The  work  has  drawn  information  for  both  the 
development  and  testing  of  the  method  from  a  large 
compilation  of  critically  evaluated  heat  capacity  data 
for  over  1 300  organic  liquids. 
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The  thermodynamic  and  thermophysical  properties  of 
1-  and  2-butanamine,  2-methyl-1-propanamine,  2- 
methyl-2-propanamine,  pyrrole,  1-,  2-  and  3- 
methylpyrrole,  pyridine,  2-,  3-,  and  4-methylpyridine, 
pyrrolidine,  piperidine,  indole,  quinoline,  isoquinoline, 
acridine,  carbazole,  phenanthridine,  1-  and  2- 
naphthalenamine,  and  9-methylcarbazole  have  been 
evaluated.  Recommended  values  are  given  for  the  fol- 
lowing properties:  normal  boiling,  freezing  and  triple 
point  temperatures,  critical  constants,  thermodynamic 
properties  in  the  solid  and  liquid  phases,  vapor  pres- 
sure, enthalpy  of  vaporization,  density,  second  virial 
coefficients,  and  enthalpy  of  combustion.  Ideal  gas 
thermodynamic  properties  have  been  calculated  by 
statistical  mechanical  methods. 
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In  1987,  consistent  with  the  latest  experimental  data 
and  the  internationally  recommended  values  for  the 
critical  parameters,  the  authors  published  compact  and 
accurate  correlation  equations  for  properties  on  the 
saturation  line  of  ordinary  (light)  water  substance.  (A. 
Saul  and  W.  Wagner,  J.  Phys.  Chem.  Ref.  Data  16, 
893  (1987)).  As  an  addendum  to  this  1987  paper  the 
present  paper  brings  all  temperature  values  and  ad- 
justed coefficients  in  all  correlation  equations  given  in 
the  1987  paper  into  agreement  with  the  International 
Temperature  Scale  of  1990  (ITS-90).  The  new  equa- 
tions form  the  basis  of  the  'Revised  Supplementary  Re- 
lease on  Saturation  Properties  of  Ordinary  Water  Sub- 
stance' issued  by  the  International  Association  for  the 
Properties  of  Water  and  Steam  (IAPWS).  This  revised 
release  which  contains  all  equations  and  coefficients 
adjusted  with  regard  to  the  ITS-90  is  the  main  part  of 
this  paper. 
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An  estimation  method,  which  was  developed  by  S.  W. 
Benson  and  coworkers  for  calculating  the  thermo- 
dynamic properties  of  organic  compounds  in  the  gas 
phase,  has  been  extended  to  the  liquid  and  solid 
phases  for  organic  compounds  at  298.15  K  and 
101,325  Pa.  As  with  a  previous  paper  dealing  with  hy- 
drocarbon compounds,  comparisons  of  estimated 
enthalpies  of  formation,  heat  capacities,  and  entropies 
with  literature  values  show  that  extension  of  the  Ben- 
son's group  additivity  approach  to  the  condensed 
phase  is  easy  to  apply  and  gives  satisfactory  agree- 
ment. This  work  covers  1512  compounds  containing 
the  elements:  carbon,  hydrogen,  oxygen,  nitrogen,  sul- 
fur, and  halogens  in  the  gas,  liquid,  and  solid  phases. 
About  1000  references  are  provided  for  the  literature 
values  which  are  cited. 
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American  Chemical  Society,  1155  Sixteenth  St.,  NW, 
Washington,  DC.  20036-9976. 
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The  authors  have  assembled  a  complete  list  of  the 
most  accurately  measured  wavelengths  for  all  classi- 
fied lines  of  singly-ionized  oxygen  (O  II).  The  data  are 
based  mainly  on  recent  extensions  of  the  observations 
and  analysis  of  this  spectrum  carried  out  at  the  Univer- 
sity of  Lund,  Sweden.  They  derived  new  optimal  values 
for  the  energy  levels  using  a  computer  code  and  the 
observed  wavelengths  for  all  classified  lines.  Relevant 
astrophysical  wavelength  measurements,  appro- 
priately weighted,  were  included  in  the  level-optimiza- 
tion calculation. 
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Energy  Levels  of  Germanium,  Ge  I  through  Ge 

XXXII. 

J.  Sugar,  and  A.  Musgrove.  c1993,  65p. 
Included  in  Jnl.  of  Physical  and  Chemical  Reference 
Data,  v22  n5  p1 21 3-1 278,  Sep/Oct  93.  Available  from 
American  Chemical  Society,  1155  Sixteenth  St.,  NW, 
Washington,  DC.  20036-9976. 
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"Tables(Data). 

Atomic  energy  levels  of  germanium  have  been  com- 
piled for  all  stages  of  ionization  for  which  experimental 
data  are  available.  No  data  have  yet  been  published 
for  Ge  VIII  through  Ge  XIII  and  Ge  XXXII.  Very  accu- 
rate calculated  values  are  compiled  for  Ge  XXXI  and 
XXXII.  Experimental  g-factors  and  leading  percent- 
ages from  calculated  eigenvectors  of  levels  are  given. 
A  value  for  the  ionzation  energy,  either  experimental 
when  available  or  theoretical,  is  included  for  the  neutral 
atom  and  each  ion. 
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Prepared  in  cooperation  with  National  Inst,  of  Stand- 
ards and  Technology,  Gaithersburg,  MD. 
Included  in  Jnl.  of  Physical  and  Chemical  Reference 
Data,  v22  n5  p1 279-1423,  Sep/Oct  93.  Also  available 
from  American  Chemical  Society,  1155  Sixteenth  St., 
NW,  Washington,  DC.  20036-9976. 
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mium, Spectrum  analysis,  Wavelengths,  Spectral 
lines.  Atomic  energy  levels,  Ions,  Diagrams. 

Wavelengths,  energy  levels,  ionization  energies,  line 
classifications,  oscillator  strengths,  and  atomic  transi- 
tion probabilities  for  Cr  V  to  Cr  XXIV  are  tabulated.  A 
short  review  of  the  line  identifications  and  wavelength 
measurements  is  given  for  each  stage  of  ionization. 
Grotrian  diagrams  are  given  to  provide  graphical 
overviews.  The  literature  has  been  surveyed  through 
December  1991. 
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Keywords:  "Physical  properties,  "Chemical  properties, 
"Physical  chemistry,  Atomic  properties,  Chemical  reac- 
tions, Thermodynamics,  Reaction  kinetics,  Vapor 
phases,  Tables(Data),  "Reference  materials. 

Contents: 

Thermodynamic  Properties  of  Synthetic  Sapphire 

(alpha-AI203),  Standard  Reference  Material 

720  and  the  Effect  of  Temperature-Scale 

Differences  on  Thermodynamic  Properties; 
Thermodynamic  Properties  of  Gaseous  Silicon 

Monotelluride  and  the  Bond  Dissociation 

Enthalpy  DM(SiTe)  at  T  ->  0; 
The  Disilicides  of  Tungsten,  Molybdenum, 

Tantalum,  Titanium,  Cobalt,  and  Nickel,  and 

Platinum  Monosilicide: 
A  Survey  of  Their  Thermodynamic  Properties; 
Evaluated  Bimolecular  Ion-Molecule  Gas  Phase 

Kinetics  of  Positive  Ions  for  Use  in  Modeling 

Planetary  Atmospheres,  Cometary  Comae, 

and  Interstellar  Clouds; 
Atomic  Weights  of  the  Elements  1991; 
Index  of  Properties  and  Classes  of  Materials  - 

Volumes  21-22  (1992-1993); 
Author  Index  -  Volumes  21-22  (1992-1993) 

Cumulative  Listing  of  Reprints; 
Cumulative  Listing  of  Supplements,  Monographs, 

and  Special  Issues. 


00,750 

PB94-1 68564       Not  available  NTIS 


National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Chemical  Kinetics  and  Thermo- 
dynamics Div. 

Thermodynamic  Properties  of  Synthetic  Sapphire 
(alpha-AI203),  Standard  Reference  Material  720 
and  the  Effect  of  Temperature-Scale  Differences  on 
Thermodynamic  Properties. 

D.  G.  Archer.  C1993,  12p. 

Included  in  Jnl.  of  Physical  and  Chemical  Reference 
Data,  v22  n6  p1 441  -1453,  Nov/Dec  93.  Available  from 
American  Chemical  Society,  1155  Sixteenth  St.,  NW, 
Washington,  DC.  20036-9976. 

Keywords:  "Research,  "Physical  chemistry,  Thermo- 
dynamic properties,  Aluminum  oxide,  Specific  heat, 
Enthalpy,  Temperature  scales,  Calibration  standards, 
SRM720(Standard  Reference  Material  720),  Synthetic 
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Comparison  of  the  National  Institute  of  Standards  and 
Technology's  Standard  Reference  Material  720  certifi- 
cate values  for  heat  capacity  with  those  obtained  from 
recent  experimental  determinations  indicated  the 
possibilty  of  a  systematic  error  in  the  certificate  values. 
Selected  experimental  determinations  of  enthalpy  in- 
crements and  heat  capacities  were  fitted  in  order  to  ob- 
tain a  representation  of  the  thermodynamic  properties 
of  alpha-AI203,  a  sample  of  which  is  the  standard  ref- 
erence material  (SRM720)  for  calibration  of  some 
types  of  calorimeters.  The  fitted  equation  and  cal- 
culated values  of  the  heat  capacity,  the  relative  en- 
thalpy, and  the  entropy  are  given.  The  new  values  are 
more  accurate  and  result  from  a  better  representation 
of  the  experimental  values  than  did  the  1982  SRM720 
certificate  values. 
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Thermodynamic  Properties  of  Gaseous  Silicon 
Monotelluride  and  the  Bond  Dissociation  Enthalpy 
D(sub  m)(SiTe)  at  T  approaches  0. 
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Statistical-thermodynamic  calculations  have  been 
combined  with  the  results  of  high-temperature  Knud- 
sen-effusion  studies  of  the  vaporization  of  Si2Te3  to 
calculate  the  thermodynamic  properties  of  SiTe(g) 
from  T  ->  0  to  T  =  2000  K.  The  dissociation  enthalpy 
D(sub  m)(SiTe,  T  ->  0)  is  (448  +  or  -  8)  kJ/mol;  its  value 
is  discussed  vis-a-vis  the  other  silicon 
monochalcogenides. 
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A  critical  evaluation  is  presented  of  the  thermodynamic 
properties  of  six  disilicides  and  one  monosilicide  that 
are  important  in  the  manufacture  of  very  large  scale 
integrated  circuits.  Values  of  the  standard  molar 
enthalpies  of  formation  HM  at  T  =  298.15  K  and  p  = 
0.1  MPa  are  recommended  as  follows:  WSi2,  -(79  + 
or  -  5)  kJ/mol,  MoSi2,  -(137  +  or  -  4)  kJ/mol,  TiSi2, 


-(171  +  or- 11)  kJ/mol,  CoSi2,  -(103  + or-  15)kJ/mol, 
NiSi2,  -(88  +  or  -  12)  kJ/mol,  TaSi2,  -(120  +  or  -  20) 
kJ/mol,  and  PtSi,  -(1 19  +  or  -  7)  kJ/mol.  Equations  are 
given  for  the  molar  enthalpy  increments  of  some  of  the 
silicides  along  with  a  few  evaluated  standard  Gibbs 
free  energies  of  formation.  Brief  descriptions  of  meth- 
ods of  synthesis  and  limited  structural  information  have 
also  been  included. 
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Recommendations  of  reaction  rate  coefficients  and 
product  distributions  for  bimolecular  positive  ion-mol- 
ecule reactions  of  importance  in  planetary 
atmospheres,  cometary  comae,  and  interstellar  clouds 
are  presented.  Two  publications  Anicich  and  Huntress, 
Astrophys.  J.  Suppl.  Ser.  62,  553  (1986)  and  Anicich, 
Astrophys.  J.  Suppl.  Ser.  84,  215  (1993)  served  as  the 
basis  for  this  evaluation,  which  covers  the  literature 
from  1965  through  1991  with  some  additional  citations 
missed  in  the  original  surveys. 
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The  biennial  review  of  atomic  weight,  Ar(E),  determina- 
tions and  other  cognate  data  has  resulted  in  changes 
for  the  standard  atomic  weight  of  indium  from  114.82 
+  or  -  0.01  to  1 14.818  +  or  -  0.003,  for  tungsten  from 
183.85  + or -0.03  to  183.84  +  or  -  0.01  and  for  osmium 
from  190.2  +  or  -  0.1  to  190.23  +  or  -  0.03  due  to  new 
high  precision  measurements.  Recent  investigations 
on  silicon  and  antimony  confirmed  the  presently  ac- 
cepted Ar  values.  The  footnote  'g'  was  added  for  car- 
bon and  potassium  because  it  has  come  to  the  notice 
of  the  Commission  that  isotope  abundance  variations 
have  been  found  in  geological  specimens  in  which 
these  elements  have  an  isotopic  composition  outside 
the  limits  for  normal  material.  Because  many  elements 
have  a  different  isotopic  composition  in  non-terrestrial 
materials,  recent  data  on  non-terrestrial  material  are  in- 
cluded in  this  report  for  the  information  of  the  interested 
scientific  community. 
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The  authors  report  the  results  of  neutron-diffraction 
and  low-energy  neutron-inelastic-scattering  experi- 
ments on  high-purity  solid  C70  between  10  and  640 
K.  Thermal  hysteresis  effects  are  found  to  accompany 
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structural  changes  both  on  cooling  and  on  heating.  The 
observed  diffuse  scattering  intensity  does  not  change 
with  temperature.  At  10  K  broad  librational  peaks  are 
observed  at  1.82(16)meV  (full  width  at  half  maximum 
=  1.8(5)meV).  The  peaks  soften  and  broaden  further 
with  increasing  temperature.  At  and  above  room  tem- 
perature, they  collapse  into  a  single  quasielastic  line. 
At  300  K,  the  diffusive  reorientational  motion  appears 
to  be  somewhat  anisotropic,  becoming  less  so  with  in- 
creasing temperature.  An  isotropic  rotational  diffusion 
model,  in  which  the  motions  of  adjacent  molecules  are 
uncorrelated,  describes  well  the  results  at  525  K.  The 
temperature  dependence  of  the  rotational  diffusion 
constants  is  consistent  with  a  thermally  activated  proc- 
ess having  an  activation  energy  of  32(7)meV. 
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Infrared  and  Raman  band  assignments  are  given  for 
powdered  samples  of  the  biologically  important 
compound,  octacalcium  phosphate,  in  the  4,000-300- 
cm(sup  -1)  range.  Specific  assignments  were  made  for 
bands  of  the  two  crystallographically  independent  acid- 
ic phosphate  groups.  The  numbers  of  observed  bands 
were  markedly  less  than  those  predicted  by  factor 
group  analysis;  additional  unresolved  bands  are  prob- 
ably present.  Infrared  spectra  indicate  that  two  poly- 
morphs of  octacalcium  phosphate  may  exist  whose 
structures  differ  mainly  in  acidic  phosphate  and  water 
bonding  and  in  possibly  different  contents  of  water. 
Polymorphic  forms  of  octacalcium  phosphate  are 
structurally  plausible  because  of  possible  differences 
in  bonding  of  its  acidic  phosphate  groups  and  water 
molecules  and  in  number  of  water  molecules.  The 
wavenumber  positions  of  Raman  bands,  especially 
acidic  phosphate  bands,  were  sensitive  to  laser  exci- 
tation power. 
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The  purpose  of  this  work  is  to  show  the  complementai-y 
information  about  molecular  structural  characteristics 
of  metal  phthalocyanine  compounds  provided  by  laser 
microprobe  mass  spectrometry  (LAMMS)  and  micro- 
Raman  spectroscopy.  The  vibrational  frequencies 
found  in  micro-Raman  spectroscopy  indicate  molecu- 
lar structure,  and  mass  spectrometry  indicates  the 
mass  (m/z  value)  of  the  molecule,  as  well  as  certain 
structural  features.  The  characteristic  fragment  peaks 
that  result  during  the  ionization  process  contain  addi- 
tional information  about  the  molecular  species  being 
analyzed. 
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cosecond pulses,  Laser  pumping,  Adsorbates,  Exci- 
tation, Phonons,  Copper,  Reprints,  Hot  carriers. 

Picosecond  time-resolved  infrared  absorption  meas- 
urements of  CO/Cu(100)  following  visible  and  ultra- 
violet laser  pumping  allow  a  determination  of  the  time 
scales  for  photoexcited  carriers  and  lattice  phonons  to 
couple  to  the  CO  frustrated  translation  vibrational 
mode. 
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The  application  of  thermochemical  principles  to  high 
temperature  processes  requires  advanced  measure- 
ment and  modeling  techniques.  Recent  work  in  this 
area,  primarily  from  the  authors'  laboratory,  is  re- 
viewed. Emphasis  is  on  the  vapor  phase,  present  in 
equilibrium  with  complex  liquid  and  solid  process- 
media  such  as  salts,  slags,  glasses,  minerals,  etc.  Ex- 
amples of  the  thermochemical  characterization  of  sev- 
eral practical  systems  are  given,  including  silicate 
glasses,  a  nuclear  waste  borosilicate  glass,  a  coal-de- 
rived slag  and  the  mineral  dolomite.  The  experimental 
techniques  described  include,  a  modified  Knudsen  ef- 
fusion mass  spectrometric  method  and  the  relatively 
novel  methods  of  transpiration  mass  spectrometry  and 
laser  vaporization  mass  spectrometry.  The  modeling 
approach  considered  involves  the  multicomponent 
equilibrium  calculation  of  phase  compositions  and  ac- 
tivities using  an  ideal  mixing  of  complex  components, 
or  liquid  associate  model. 
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Electrodeposition  involves  reducing  metal  ions  electro- 
chemically  from  aqueous,  inorganic  and  fused  salt 
electrolytes  to  form  coherent  metals  and  alloys  on  var- 
ious substrates.  These  coatings  may  be  removed  from 
the  substrate  to  constitute  free  standing  parts  using  a 
process  called  electroforming.  The  reduction  of  the 
ions  to  metal  is  usually  a  result  of  an  external  electro- 
lytic process;  however,  autocatalytic  processes  exist, 
in  which  the  reducing  agent  is  incorporated  into  the 
electrolyte.  One  of  these  processes,  the  autocatalytic 
nickel  phosphorus  process,  is  now  in  wide  commercial 
use. 
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Ion  scattering  spectroscopy  (ISS)  has  been  used  to  di- 
rectly monitor  the  nitrogen  coverage  of  a  niobium  tar- 


get during  ion-beam  reactive  sputtering.  The  measure- 
ment shows  that  the  fully  reacted  target  is  nearly  com- 
pletely covered  with  nitrogen,  revealing  a  major  dif- 
ference in  the  target  surface  state  when  reactive  sput- 
tering versus  the  sputtering  of  a  compound  target.  The 
functional  dependence  of  the  nitrogen  coverage  on  the 
nitrogen  pressure  has  also  been  obtained.  Taking  the 
fractional  target  coverage  to  be  a  steady-state  equi- 
librium between  nitrogen  sputter  removal  and  thermal 
N2  arrival,  the  measured  target  coverage  has  been  ac- 
curately modeled.  The  results  indicate  that  the 
nitridation  reaction  is  controlled  by  the  thermal  N2  mol- 
ecules, which  stick  to  the  target  with  a  high  probability. 
This  firmly  establishes  the  fact  that  the  molecular  N2 
flux  can  control  the  target  reaction.  The  target  cov- 
erage model  has  also  been  applied  to  fit  the  measured 
deposition  rate  as  a  function  of  the  nitrogen  pressure, 
and  shows  that  the  deposition  rate  does  not  accurately 
reflect  the  target  coverage. 
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DIET  processes  (desorption  induced  by  electronic 
transitions)  involving  atoms  and  molecules  on  metal 
surfaces  are  strongly  influenced  by  coadsorption  with 
alkali  metal  atoms.  Angular  distributions  and  yields  of 
positive  ions,  negative  ions  and  electronically  excited 
neutrals  from  adsorbed  species  are  affected  by  alkali 
coadsorption,  due  to  a  combination  of  molecular  reori- 
entation and  electronic  effects. 
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The  authors  describe  neutron  scattering  studies  of  ro- 
tational excitations  of  the  C(60)  molecule  in  pure  C(60) 
and  in  A3C(60)  (A  =  alkali  metal)  compounds.  Well- 
defined  peaks  due  to  librations  are  observed  below  the 
orientational  ordering  transition  temperature  in  C(60) 
itself,  and  at  all  temperatures  at  which  measurements 
were  made  (up  to  675  K  in  K3C(60))  in  the  compounds. 
The  energies  of  these  excitations  have  been  used  to 
extract  information  about  orientational  potentials  and 
reorientation  mechanisms.  For  the  systems  studied  so 
far,  the  authors  find  that  the  size  of  the  ion  occupying 
the  tetrahedral  site  correlates  with  the  librational  en- 
ergy, demonstrating  that  the  repulsive  part  of  the  A- 
C  interaction  makes  a  significant  contribution  to  the 
interatomic  potential. 
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Electron-based  probes  of  surface  properties  are  used 
frequently  in  surface  science  since  strong  inelastic 
scattering  for  electron  energies  between  about  50  and 
2000  eV  ensures  high  surface  sensitivity.  An  overview 
is  given  of  developments  in  the  understanding  of  in- 
elastic electron  scattering  in  solids  with  emphasis  on 
important  surface  properties.  Auger-electron  spectros- 
copy (AES)  and  X-ray  photoelectron  spectroscopy 
(XPS)  are  the  two  techniques  most  commonly  used  for 
measurements  of  surface  composition.  The  authors 
give  a  brief  description  of  the  development  of  AES  and 
XPS  and  then  proceed  to  describe  the  role  of  inelastic 
electron  scattering  in  AES  and  XPS.  Attention  is  given 
to  the  measurement  of  electron  attenuation  lengths,  to 
the  calculation  of  electron  inelastic  mean  free  paths, 
and  to  intensity  measurements  for  quantitative  AES 
and  XPS. 
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An  absolute  determination  of  aqueous  electrolytic  con- 
ductivity has  been  made  for  primary  standards  0.01 
demal  (D)  and  0.1  D  potassium  chloride  solutions  over 
the  temperature  range  of  0  to  50  C  in  5  degree  inter- 
vals. A  cell  with  a  removable  center  section  of  accu- 
rately known  length  and  area  was  used  for  measure- 
ments. Values  were  adjusted  to  be  in  conformity  with 
the  ITS-90  temperature  scale.  The  overall  uncertainty 
over  the  entire  temperature  range  is  estimated  to  be 
0.03%.  Values  at  25  C  for  0.01  D  and  0.1  D  are 
0.00140841  S/cm  and  0.0128506  S/cm,  respectively. 
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The  work  provides  examples  of  some  of  the  imaging 
capabilities  of  environmental  scanning  electron  micros- 
copy applied  to  easily  charged  samples  relevant  to  par- 
ticle analysis.  Environmental  SEM  (also  referred  to  as 
high  pressure  or  low  vacuum  SEM)  can  address 
uncoated  samples  that  are  known  to  be  difficult  to 
image.  Most  of  these  specimens  are  difficult  to  image 
by  conventional  SEM  even  when  coated  with  a  con- 
ductive layer.  Another  area  where  environmental  SEM 
is  particularly  applicable  is  for  specimens  not  compat- 
ible with  high  vaccum,  such  as  volatile  specimens. 
Samples  from  which  images  were  obtained  that  other- 
wise may  not  have  been  possible  by  conventional 
methods  included  fly  ash  particles  on  an  oiled  plastic 
membrane  impactor  substrate,  a  one  micrometer  di- 
ameter fiber  mounted  on  the  end  of  a  wire,  uranium 
oxide  particles  embedded  in  oil-bearing  cellulose  ni- 
trate, teflon  and  polycarbonate  filter  materials  with  col- 
lected air  particulate  matter,  polystyrene  latex  spheres 
on  cellulosic  filter  paper,  polystyrene  latex  spheres 
'loosely'  sitting  on  a  glass  slide,  and  subsurface  tracks 
in  an  etched  nuclear  track-etch  detector.  Surface 
charging  problems  experienced  in  high  vacuum  SEMs 
are  virtually  eliminated  in  the  low  vacuum  SEM,  ex- 
tending imaging  capabilities  to  samples  previously  dif- 
ficult to  use  or  imcompatible  with  conventional  meth- 
ods. 
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Rates  of  decomposition  of  anisole  and  the  three  iso- 
meric hydroxyanisoles  and  methoxyanisoles  were  de- 
termined in  a  very  low  pressure  pyrolysis  apparatus. 
The  predominant  reaction  was  O-methyl  bond  homoly- 
sis. Therefore,  relative  rates  provide  a  quantitative 
measure  of  the  effects  of  hydroxy  and  methoxy 
substituents  on  bond  strengths  in  anisoles.  The  o- 
hydroxy  effect  is  unusually  large  (7j  kcal/mol  bond 
strength  weakening).  Rate  ratios  of  ethyoxybenzene 
(phenetole)  and  o-hydroxyphenetole  were  similar  to 
the  anisole/o-hydroxyanisole  pair,  confirming  the  large 
o-hydroxy  effect.  The  p-hydroxy  group,  however,  only 
weakened  the  anisole  O-methyl  bond  by  2.5  kcal/mol 
and  meta  substitution  had  little  effect.  Both  o-  and  p- 
methoxy  groups  weakened  the  O-methyl  bond  by  4 
kcal/mol  and  m-methoxy  weakened  this  bond  by  1 
kcal/mol.  Rates  of  these  reactions,  extrapolated  to 
lower  temperatures,  were  similar  to  rates  of  condensed 
phase  thermolysis  reactions,  indicating  that  homolysis 
is  a  key  step  in  the  liquid  phase  reactions. 
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In  the  spirit  of  Bederson's  'Perfect  Scattering  Experi- 
ment,' we  generalize  the  existing  description  of  colli- 
sion induced  atomic  S  <-->  P  transitions  by  spin-polar- 
ized electrons  on  spin-polarized  target  atoms.  Analysis 
of  existing  experimental  and  theoretical  data  on  the  3s 
<-->  3p  transitions  in  Na  determines  to  what  extent  the 
'perfect  scattering  experiment'  has  been  achieved  to 
date.  Using  theoretical  data,  we  demonstrate  to  what 
extent  additional  missing  parameters  can  be  extracted 
from  present  experiments.  Finally,  new  experimental 
arrangements  are  suggested  to  remove  remaining  am- 
biguities. 
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The  discrepancies  between  a  previous  Breit-Pauli  R- 
matrix  calculation  by  Scott  et  al  and  a  recent  calcula- 
tion using  the  Dirac  Hamiltonian  by  Thumm  and 
Norcross  are  further  analyzed  and  partially  resolved. 
When  comparable  methods  are  applied  to  obtain  the 
best  possible  target  description  in  both  approaches,  a 
reduced  Breit-Pauli  formulation,  with  only  the  one-body 
spin-orbit  operator  included  to  account  for  relativistic 
effects  explicitly,  seems  sufficient  for  an  accurate  de- 


scription of  most  of  the  low-energy  collision  processes 
in  this  system.  There  remain,  however,  some  interest- 
ing differences  between  the  Breit-Pauli  and  the  Dirac 
results  for  spin  polarization  and  asymmetry  functions, 
as  well  as  for  very  sensitive  resonance  parameters.  To 
shed  more  light  on  the  possible  origin  of  these  dif- 
ferences, the  effect  of  including  additional  close-cou- 
pling channels  on  the  results  is  investigated. 
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Absolute  ionization  cross  sections  for  ln(1+)  and 
Xe(1+)  by  electron  impact  have  been  measured  from 
below  threshold  to  200  eV  using  the  crossed-beams 
technique.  The  cross  sections  tor  ln(1+)  were  possibly 
enhanced  by  indirect  ionization  processes.  The  exci- 
tation of  the  ion  from  the  4d(10)5s(2)  ground  state  to 
the  4d(9)5s(2)5P  state  followed  by  autoionization  has 
been  postulated.  Experimental  measurements  are 
compared  to  configuration-averaged  distorted-wave 
calculations  (M.  S.  Pindzola  et  al,  J.  Phys.  B  16,  L355 
(1983)),  the  semiempirical  formula  of  Lotz  (Z.  Phys. 
216,  241  (1968)),  and,  in  the  case  of  Xe(1+),  previous 
experimental  results  (C.  Achenbach  et  al,  J.  Phys.  B 
17,  1405  (1984)).  Also  presented  are  ionization-rate 
coefficients  and  fitting  parameters  for  both  ions  for  tem- 
peratures in  the  range  10,000  K  =  or<T  =  or<  10 
million  K. 
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We  report  the  first  observation  of  the  far-infrared  laser 
magnetic  resonance  spectrum  associated  with  the  J  = 
2  <-- 1  fine-structure  interval  of  (28)Si  and  (29)Si  in  the 
triplet  P  ground  state.  In  (28)Si  this  separation  is 
4378.3280(2)  GHz,  and  for  (29)Si  it  is  4378.3306(6) 
GHz.  The  magnetic  hyperfine  parameter  A2  has  also 
been  determined  for  (29)Si,  apparently  for  the  first 
time.  Zero-field  transition  frequencies  for  the  hyperfine 
components  of  the  J  =  2  <--  1  transition  in  (29)Si  are 
determined  and  will  aid  in  their  identification  in  inter- 
stellar sources. 
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The  pressure-volume-temperature  (PVT)  behavior  of 
difluoromethane  (R32)  has  been  measured  using  a  vi- 
brating tube  densimeter  apparatus  and  a  Burnett/ 
isochoric  apparatus.  Liquid  PVT  data  from  the  vibrating 
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tube  densimeter  ranged  in  temperature  from  242  to 
348  K  with  a  pressure  range  of  2,000-6,500  kPa.  Data 
from  the  Burnett  apparatus  consisted  of  1 1  isochores 
for  the  gas  and  supercritical  fluid,  along  with  vapor 
pressure  measurements.  The  temperature  ranged 
from  268  to  373  K.  The  gas-phase  data  are  correlated 
with  a  virial  equation  of  state.  The  compressed  liquid 
data  are  fit  with  an  abbreviated  form  of  the  modified 
Benedict-Webb-Rubin  (mBWR)  equation.  A  table  of 
thermodynamic  properties  is  presented  for  the  satu- 
rated liquid  and  vapor  states. 
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A  Hamiltonian  model  and  parity-adapted  wave  packet 
representation  are  developed  to  describe  a  rotating 
triatomic  system  with  two  Renner-Teller  coupled  po- 
tential surfaces,  and  HCO  predissociation  is  studied. 
New  configuration  interaction  calculations  on  HCO  are 
performed  to  determine  its  excited  (A  bar)  ((sup 
2)A(double  prime))  potential  surface,  and  Bowman, 
Bittman,  and  Harding  ground  potential  surface  is  em- 
ployed. The  properties  of  many  resonances,  correlat- 
ing with  stretch/bend  excitations  on  the  A(double 
prime)  surface,  are  determined. 


00,774 

PB94-1 85444      Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Selected  Ion  Flow  Tube-Laser  Induced  Fluores- 
cence Instrument  for  Vibrationally  State-Specific 
Ion-Molecule  Reactions. 
Final  rept. 

S.  Kato,  M.  J.  Frost,  V.  M.  Bierbaum,  and  S.  R. 
Leone.  1993,  13p. 
Contract  FA9620-92-J-0072 

Pub.  in  Review  of  Scientific  Instruments  64,  n10 
p2808-2820  Oct  93.  Sponsored  by  Air  Force  Office  of 
Scientific  Research,  Washington,  DC. 

Keywords:  "Ion  molecule  interactions,  'Nitrogen  ions, 
Laser  induced  fluorescence,  Vibrational  states,  Rota- 
tional states,  Molecular  ions,  Charge  transfer,  Oxygen, 
Argon,  Reprints,  Ion  flow  tubes. 

A  selected  ion  flow  tube  apparatus  is  coupled  with 
laser  induced  fluorescence  (LIF)  detection  for  the  se- 
lective monitoring  of  ion  vibrational  states  and  their  re- 
actions. Mass  selected  ions  are  injected  into  a  flow 
tube  with  a  venturi  inlet  using  He  carrier  gas.  A  200 
Hz  dye  laser  system  provides  sensitive  LIF  detection 
of  the  injected  ions  at  densities  as  low  as  100,000/cc 
for  N2(1+).  The  rotational  temperatures  of  the  N2(1+) 
ions  are  estimated  to  be  about  300  K  using  the  LIF 
detection,  while  the  vibrational  temperatures  can  be 
high  and  may  be  varied  by  the  injection  potentials. 
Vibrationally  state-selected  ion-molecule  reactions  of 
N2(1+)(nu  =  0,  1,  and  2)  are  studied  with  N2,  Ar,  and 
02  at  thermal  kinetic  energies  (E(lab)  <  0.1  eV),  where 
translation-to-vibration  energy  transfer  is  negligible. 
Isotopically  specific  charge-transfer  reactions  of 
(15)N2(1+)(nu)  with  (14)N2  are  also  studied.  The  abil- 
ity to  mass  select  ions  and  characterize  their  vibra- 
tional states  and  those  of  their  reaction  products  allows 
novel  studies  of  state-to-state  ion  chemistry. 
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Multiple  product  channels  are  observed  for  the  reac- 
tions of  CF(2+)  and  CF2(2+)  with  the  rare  gases  at  a 
laboratory  collision  energy  of  49  +  or  - 1  eV.  A  dication 
beam  is  produced  in  an  electron  impact  ion  source  and 
mass  selected  using  a  quadrupole  mass  spectrometer. 
The  ion  beam  is  focused  into  a  collision  region  and  a 
time-of-flight  mass  spectrometer  is  used  to  monitor  the 
reaction  products.  Reactions  of  CF(2+)  produce 
CF(1+),  C(1+),  and  F(1+)  ions  and  reactions  of 
CF2(2+)  result  in  CF(2+),  CF(1+),  C(1+),  and  F(1+)  ion 
formation  accompanied  by  the  corresponding  rare  gas 
ions  when  charge  transfer  occurs.  The  relative  yields 
of  these  products  are  measured  directly.  For  reactions 
of  both  dications,  there  is  a  substantial  increase  in  the 
total  reaction  cross  section  as  the  rare  gas  collision 
partner  changes  from  He  to  Xe.  The  trends  in  charge 
transfer  reactivity  are  successfully  modeled  using  Lan- 
dau-Zener  theory. 
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Kinetic  and  thermodynamic  studies  of  octacalcium 
phosphate  succinate  (OCP-SUCC),  Ca8(HP04)(2- 
x)(succ)x(P04)4'yH20,  where  0.8  <  x  <  1.0  and  5.5 
<  y  <  6.5,  broaden  the  present  knowledge  in  the  chem- 
istry of  octacalcium  phosphate  carboxylates.  The  kinet- 
ics of  formation  of  OCP-SUCC  by  conversion  of  alpha- 
tricalcium  phosphate  (alpha-TCP),  alpha-Ca3(P04)2, 
in  ammonium  succinate  solutions  was  followed  at  var- 
ied initial  pH,  37  C.  The  changes  in  the  liquid  phase 
were  monitored  by  pH  measurements.  Solid  phases 
were  characterized  by  means  of  chemical  analyses,  X- 
ray  diffraction  and  infrared  spectroscopy.  The  rate  of 
conversion  decreased  with  increasing  initial  pH.  In  the 
solubility  experiments  the  concentrations  of  calcium, 
phosphate,  succinate,  ammonium  and  pH  were  deter- 
mined in  solutions  equilibrated  with  OCP-SUCC  (6.1 
<pH<7.4). 
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A  long  standing  goal  in  the  field  of  cluster  research  has 
been  to  elucidate  the  transition  between  the  properties 
of  isolated  monomer  species  in  the  gas  phase  and  the 
corresponding  properties  in  the  condensed  phase. 
One  of  the  most  exacting  probes  of  small  clusters  in 
this  transition  region  has  recently  been  offered  by  high 
resolution  spectroscopies,  particularly  in  the  micro- 
wave and  IR  region  of  the  spectrum.  Such  high  resolu- 
tion studies  at  rotational  resolution  can  provide  detailed 
information  on  the  distribution  of  the  masses  in  the 
cluster,  as  well  as  clearly  distinguish  between  various 
low  lying  isomeric  structures  of  the  same  molecular 
composition.  High  resolution  spectroscopy  in  the  IR 
also  provides  the  opportunity  to  study  dynamical  phe- 


nomena such  as  predissociation,  isomerization,  and 
IVR  channels  that  can  be  accessed  by  quantum  state 
selected  vibrational  excitation  of  the  clusters. 
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Distorted-wave  calculations  of  the  triply  differential 
cross  sections  for  electron-impact  ionization  of  Li  and 
Mg  are  presented  for  the  coplanar,  theta  (12)  =  pi  ge- 
ometry in  which  the  final-state  electrons  share  2  eV  of 
excess  energy  equally.  Our  theoretical  approach,  de- 
scribed in  detail  elsewhere  (C.  Pan  and  A.  F.  Starace, 
Phys  Rev  A  45,  4588  (1992)),  employs  a  partial-wave 
expansion  of  initial-  and  final-state  wave  functions, 
treats  direct  and  exchange  interactions  of  initial-  and 
final-state  electrons  with  the  target  core,  and  treats  the 
final-state  interaction  between  the  two  continuum  elec- 
trons by  a  screening  potential.  Li  and  Mg  targets  are 
found  to  have  more  complex  (e,  2e)  angular  distribu- 
tions than  either  H  or  He  targets,  stemming  in  large 
part  from  significant  p-wave  and  higher  one-electron 
phase  shifts  in  the  former  elements. 
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An  overview  is  given  of  the  current  capabilities,  advan- 
tages, and  limitations  of  the  six  techniques  in  common 
use  for  compositional  analyses  of  surfaces  and  thin 
films:  Auger  electron  spectroscopy  (AES),  X-ray 
photoelectron  spectroscopy  (XPS),  secondary  ion 
mass  spectrometry  (SIMS),  sputtered-neutral  mass 
spectrometry  (SNMS),  ion-scattering  spectroscopy 
(ISS),  and  Rutherford  backscattering  spectroscopy 
(RBS).  Information  is  also  given  on  efforts  to  improve 
these  techniques  and  on  the  potential  of  other  methods 
for  determining  surface  compositions  during  process- 
ing. 
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Collision-induced  neutral  loss  reactions  are  observed 
to  be  a  major  product  channel  for  reactions  of  CF3(2+), 
SF4(2+),  SF3(2+)  and  SF2(2+)  with  the  rare  gases  at 
49  eV  laboratory  collision  energy.  This  reactivity,  which 
involves  the  formation  of  doubly  charged  molecular 
daughter  ions,  differs  markedly  from  that  observed  for 
other  molecular  dications.  The  doubly  charged  product 
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ion  yield  is  largest  for  systems  in  which  charge  transfer 
does  not  compete  effectively  with  the  collision-induced 
process. 
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Equilibrium  constants  and  standard  molar  enthalpies 
of  reaction  have  been  determined  for  a  series  of 
cyclohexanols  and  other  cyclohexane  derivatives  with 
alpha-cyclodextrin  (a-cyclodextrin)  and  beta- 
cyclodextrin  (b-cyclodextrin)  by  titration  calorimetry. 
For  reactions  involving  cyclohexanol,  standard  molar 
heat  capacity  changes  as  a  function  of  temperature 
were  also  determined.  The  equilibrium  constants  for 
the  reactions  of  the  compounds  were  always  larger 
with  b-cyclodextrin  than  with  a-cyclodextrin.  The  stand- 
ard molar  enthalpies  of  reaction  were  similar  for  both 
cyclodextrins;  however,  the  standard  molar  entropies 
of  reaction  with  b-cyclodextrin  were  substantially  more 
positive  than  for  the  reactions  with  a-cyclodextrin.  The 
hydrophilic  nature  of  the  groups  on  the  cyclohexane 
ring  as  well  as  steric  effects  were  found  to  influence 
the  thermodynamics  of  these  reactions.  NMR  spectral 
analysis  indicated  that  while  the  proximity  of  these 
cyclohexane  derivatives  to  the  walls  of  the  two 
cyclodextrins  were  comparable,  the  cyclohexane  de- 
rivatives penetrate  deeper  into  the  larger  b- 
cyclodextrin  cavity  than  into  the  smaller  a-cyclodextrin 
cavity. 
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X-ray  diffraction  with  synchrotron  radiation  is  used  to 
study  the  structure  and  epitaxy  of  a  thin  (about  250  A) 
anodic  film  grown  slowly  on  the  basal  plane  of  single- 
crystal  Ti.  Anatase  crystallites,  roughly  130  A  in  diame- 
ter, are  observed,  with  no  indication  of  other  forms  of 
Ti02  or  films  with  lower  oxidation  state.  The  oxide  is 
more  orientationally  disordered  than  films  grown  on  the 
(11-20)  and  (10-10)  faces  of  Ti,  but  it  exhibits  weak 
six-  and  twelve-fold  texturing  by  the  metal  sublayer.  In 
situ  and  ex  situ  measurements  are  qualitatively  similar, 
suggesting  that  the  oxide  does  not  change  appreciably 
upon  emersion. 
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Rate  constants  for  the  reactions  of  several  inorganic 
radicals  with  several  organic  reductants  in  aqueous  so- 
lutions have  been  measured  by  pulse  radiolysis  as  a 


function  of  temperature,  generally  between  5  and  75 
deg  C.  The  reactions  studies  were  those  of  the  radicals 
N3,  N02,  Br2(-),  I2(-),  (SCN)2(-)  reacting  with  several 
phenols  and  ascorbate.  Rate  constants  were  also 
measured  for  the  reactions  of  CI2(-)  with  phenol  and 
of  CI02  with  p-methoxyphenolate.  The  rate  constants 
measured  were  in  the  range  of  100,000  to  nearly  10 
to  the  10th  power  and  the  calculated  Arrhenius  activa- 
tion energies  ranged  from  7  to  41  kJ/mol.  The  pre-ex- 
ponential  factors  also  varied  considerably,  with  log  A 
ranging  from  9.2  to  1 3.9.  The  temperature  dependence 
of  these  reactions  do  not  seem  to  relate  to  their 
exothermicities.  Variations  in  rate  constants  appear  to 
be  more  strongly  dependent  on  changes  in 
preexponential  factors  rather  than  on  changes  in  acti- 
vation energy. 
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The  desorption  dynamics  of  arsenic  from  Si(100)  and 
Si(1 1 1 )  are  studied  by  measuring  the  vibrational  popu- 
lation distributions  of  desorbed  As2  using  laser-in- 
duced fluorescence.  In  these  measurements,  a  steady 
state  flux  of  desorbing  As2  is  produced  by  continuously 
dosing  a  heated  Si  surface  with  a  beam  of  As4  from 
a  conventional  molecular  beam  epitaxy  oven.  Meas- 
urements of  the  fluxes  of  As2  as  a  function  of  surface 
temperature  suggest  that  the  As2  may  be  kinetically 
formed  in  two  distinct  steps:  The  As4  first  chemisorbs 
to  form  atoms  on  the  surface  which  then  recombine 
to  desorb  as  dimers.  However,  there  may  also  be  direct 
dissociation  of  As4  at  the  hot  surface.  The  vibrational 
populations  of  As2  desorbed  from  Si(100)  are 
Boltzmann  and  indicate  a  vibrational  temperature  that 
is  nearly  350  K  lower  than  the  surface  temperature. 
The  vibrational  populations  of  As2  desorbed  from 
Si(111)  are  not  Boltzmann,  but  also  have  an  effective 
vibrational  temperature  400  K  colder  than  the  surface 
temperature.  The  observed  lack  of  accommodation  in 
the  desorption  from  both  surfaces  is  discussed  in  terms 
of  the  possible  mechanisms. 
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Photolysis  of  10-methylacridan  (AH)  in  acetonitrile  so- 
lutions containing  CCI4  led  to  quantitative  oxidation  of 
AH  to  A(+).  Laser  flash  photolysis  of  the  solution  with 
248  or  308  nm  light  yielded  the  cation  radical  AH(sup 
dot,+)  which  decays  by  deprotonation  to  give  the  neu- 
tral radical  A(sup  dot).  There  is  a  good  agreement  be- 
tween the  values  determined  for  k(sub  H)  here  and, 
previously,  by  direct  electrochemistry  using 
ultramicroelectrodes.  The  vast  majority  of  the  data 
points  in  a  plot  of  logk(sub  H)  vs  the  pKa  of  the  bases, 
covering  18  pKa  units  and  rate  constants  up  to  the  dif- 
fusion limit,  fall  on  the  same  Bronsted  line  in  spite  of 
the  fact  that  they  involve  bases  of  quite  different  struc- 
ture: pyridines,  aliphatic  nitrogen  bases  and 
carboxylates.  Pulse  radiolysis  experiments  in  acidic 


aqueous  solutions  showed  that  AH  is  oxidized  by 
CI2(sup  dot,-)  to  give  AH(sub  dot,+),  which  decays  with 
a  first  order  rate  constant  of  900/s.  Reduction  of  A(+) 
gave  A(sup  dot)  which  did  not  undergo  protonation 
even  at  2  M  HCI04,  but  reaction  of  A(+)  with  H  atoms 
resulted  in  partial  addition  of  H  to  the  9  position  to  give 
AH(sup  dot,+). 
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For  a  model  diatomic  molecule-surface  collision,  we 
show  that  the  extent  of  chaoticity,  as  evidenced  in  ac- 
tion-angle and  lifetime  plots,  decreases  dramatically 
with  an  increase  in  the  translational  energy  of  the  mol- 
ecule. In  addition  to  the  existence  of  a  threshold  for 
the  dissociative  chemisorption,  there  is  also  an 
antithreshold  at  higher  energies.  The  implications  for 
the  existence  (or  lack  thereof)  of  chaos/fractals  in  mol- 
ecule-surface collisions  are  also  discussed,  particularly 
as  related  to  translational-vibrational  energy  redistribu- 
tion. 


00, 787 

PB94-1 98546       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (NML), 

Gaithersburg,  MD.  Molecular  Physics  Div. 

Density  Matrix  Calculation  of  Population  Transfer 

between  Vibrational  Levels  of  Na2  by  Stimulated 

Raman  Scattering  with  Temporally  Shifted  Laser 

Beams. 

Final  rept. 

Y.  B.  Band,  and  P.  S.  Julienne.  1991,  8p. 

Pub.  in  Jnl.  of  Chemical  Physics  94,  n8  p5291-5298 

1991. 

Keywords:  'Sodium,  Reprints,  Vibrational  states,  Elec- 
tron transitions,  Density  matrix,  Raman  spectra,  Bloch 
equations,  Laser  radiation. 

We  compare  the  results  of  full  density  matrix  calcula- 
tions with  recently  reported  experimental  results  de- 
scribing the  population  transfer  in  Na2  using  Raman 
scattering  with  the  fundamental  laser  beam  temporally 
shifted  relative  to  the  Stokes  laser  beam.  Our  calcula- 
tions confirm  the  conclusion  that  almost  total  transfer 
of  the  population  into  the  terminal  level  of  the  Raman 
transition  can  be  achieved  when  the  laser  frequencies 
are  tuned  to  resonance  and  the  fundamental  laser 
beam  is  temporally  delayed  relative  to  the  Stokes  shift- 
ed laser  beam  but  still  partially  overlapping  it.  We  ana- 
lyze our  results  when  the  frequencies  of  the  lasers  are 
tuned  off  resonance  as  a  function  of  the  Rabi  fre- 
quencies and  the  detuning,  and  compare  with  experi- 
mental and  theoretical  results.  The  alignment  of  the 
terminal  level  as  a  function  of  time  displacement  of  the 
Stokes  and  pump  beams  is  predicted. 
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Hydrogen  bond  energies  and  geometric  structures  of 
several  symmetric  and  asymmetric  formic  acid-formate 
anion  dimer  complexes  have  been  determined.  Ab 
initio  gradient  optimization  at  the  self-consistent  field 
(SCF)  level  in  a  double  zeta  +  polarization  +  diffuse 
Gaussian  function  basis  set  was  followed  by  a  series 
of  second  order  Moller  Plesset  (MP2)  single  point  cal- 
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dilations  for  the  lowest  energy  structures.  The  equi- 
librium asymmetric  dimer  with  the  (anti)formic- 
(syn)formate  conformation  has  the  highest  binding  en- 
ergy both  on  the  SCF  and  MP2  levels  at  28.8  and  33.0 
kcal/mole,  respectively.  Experimentally,  a  gas  phase 
heat  of  dimerization  value  of  36.8  kcal/mole  has  been 
reported  for  the  biformate  anion.  The  calculated  stabil- 
ity of  this  anti  dimer  includes  a  C-H-0  interaction  which 
is  estimated  to  contribute  approximately  2.4  (SCF)  or 
approximately  1.8  (MP2)  kcal/mole  to  the  dimer  bind- 
ing energy.  The  corresponding  proton-transferred 
(syn)formic-(anti)formate  complex  is  calculated  less 
stable  by  5.6  (SCF)  or  3.7  (MP2)  kcal/mole,  even 
though  in  the  isolated  monomer  syn  formic  acid  is  the 
lower  energy  conformer  by  5.8  (SCF)  or  5.4  (MP2) 
kcal/mole  in  the  same  basis  set.  The  greater  stability 
of  the  anti  dimer  can  be  attributed  both  to  less  inter- 
fragment  exchange  repulsion  and  to  more  coulomb  at- 
traction compared  with  the  syn  dimer  conformation. 
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Ab  initio  calculations  have  been  carried  out  on  several 
cyclic  hydrogen-bonded  structures  of  glycine  with 
water.  Single  configurations  self-consistent-field  en- 
ergy-gradient optimization  methods  were  used  to  ob- 
tain the  structures  using  double-zeta  plus  polarization 
basis  sets.  Second-order  Moller-Plesset  perturbation 
theory  was  used  to  determine  the  effect  of  correlation 
on  the  hydrogen-bonded  distances.  The  most  stable 
structure  is  a  double  hydrogen-bonded  structure  with 
the  water  accepting  a  proton  from  the  O-H  of  the 
carboxyl  groups  while  donating  a  proton  to  the  car- 
bonyl  group.  This  structure  is  bound  by  8.6  kcal/mol 
and  should  be  observable  experimentally. 
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The  dynamics  of  molecular  multiphoton  ionization  and 
fragmentation  of  a  diatomic  molecule  (Na2)  have  been 
studied  in  molecular  beam  experiments.  Femtosecond 
laser  pulses  from  an  amplified  colliding-pulse  mode- 
locked  (CPM)  ring  dye  laser  are  employed  to  induce 
and  probe  the  molecular  transitions.  The  final  contin- 
uum states  are  analyzed  by  photoelectron  spectros- 
copy, by  ion  mass  spectrometry,  and  by  measuring  the 
kinetic  energy  of  the  formed  ionic  fragments.  Pump- 
probe  spectra  employing  70-fs  laser  pulses  have  been 
measured  to  study  the  time  dependence  of  molecular 
multiphoton  ionization  and  fragmentation.  The  oscilla- 
tory structure  of  the  transient  spectra  showing  the  dy- 
namics on  the  femtosecond  time  scale  can  best  be  un- 
derstood in  terms  of  the  motion  packets  in  bound  mo- 
lecular potentials.  The  transient  Na2(1+)  ionization  and 
the  transient  Na(1+)  fragmentation  spectra  show  that 
contributions  from  direct  photoionization  of  singly  ex- 
cited electronic  state  and  from  excitation  and 
autoionization  of  a  bound  doubly  excited  molecular 
state  determine  the  time  evolution  of  molecular 
multiphoton  ionization. 
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The  crystal  structure  of  a  Na,  Cs-Rho  zeolite  was  stud- 
ied at  373  K  (Na(8.4)Cs(3.2)Si(36.4)AI(1 1.6)096. 
5D20)  by  neutron  powder  diffraction  and  Rietveld  pro- 
file analysis.  It  crystallizes  in  the  noncentrosymmetric 
space  group  l(bar  4)3m  and  has  a  unit  cell  constant 
a  =  14.6566(4)  A.  The  final  residuals  are  R(l)  =  9.65% 
and  R(wp)  =  8.01%.  The  distortion  of  the  (AI,Si)02- 
framework  of  this  zeolite  fits  into  the  pattern  estab- 
lished for  other  noncentrosymmetric  Rho  zeolites.  Par- 
ticularly, the  ellipticity  of  the  eight-ring  and  the  pore 
size  are  strictly  a  function  of  the  cell  constant  of  the 
zeolite.  The  mean  distance  (AI,Si)-0  is  observed  to  be 
1.636  A,  in  excellent  agreement  with  the  mean  (Al.Si)- 
O  distance  of  1 .638  A  calculated  for  the  Si  and  Al  con- 
tent of  our  sample. 
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We  have  detected  and  measured  five  low-J  rotational 
transitions  of  (63)CuH  between  40  and  125/cm  using 
coherent  tunable  far  infrared  radiation.  A  least  squares 
fit  to  the  data  yields  two  orders  of  magnitude  improve- 
ment in  the  values  for  the  rotational  molecular  con- 
stants. The  1<-0  transition  of  astronomical  interest  is 
predicted  to  be  468  652.2  (2)  MHz. 
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The  tunneling-rotation  spectrum  of  the  ground  state  of 
the  hydrogen  fluoride  dimer,  HF— HF,  has  been  ex- 
tended to  the  submillimeter  wavelength  region  with  the 
RAD-3  submillimeter  spectrometer  at  Gorky  in  the  fre- 
quency range  180-380  GHz  at  210  K  and  pressure 
from  0.5  to  1.5  Torr.  The  spectrum  has  been 
reinvestigated  at  lower  frequencies  with  a  conventional 
Stark  spectrometer  at  pressures  between  0.1  to  0.2 
Torr  at  NIST.  Lines  of  the  a-type  K=3  subband  have 
been  observed  for  the  first  time.  The  tunneling  fre- 
quency for  the  K=3  state  is  114306.35(53)  MHz.  An 
atlas  of  all  a-  and  b-type  far  infrared  and  microwave 
ground  state  tunneling-rotation  transitions  for  K  up  to 
3  giving  frequency,  uncertainty,  and  relative  intensity 
has  been  prepared. 
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Microwave  and  infrared  measurements  are  reported 
for  the  van  der  Waals  complex  ArCH3CCH  and  its 
isotopomers.  The  structure  is  T  shaped  with  equi- 
librium center-of-mass  separation  of  3.73  A  and  an 
angle  of  82  deg.  between  the  molecule  symmetry  axis 
and  the  van  der  Waals  bond.  The  infrared  and  micro- 
wave spectra  are  complex  due  to  the  effects  of  a  slight- 
ly hindered  internal  rotor.  Analysis  of  the  spectral  data 
shows  that  the  dipole  moment  is  almost  parallel  to  the 
dimer  b  axis.  A  modified  vibration/rotation  Hamiltonian 
that  includes  an  internal  rotor  potential  is  used  to  show 
that  the  barrier  to  internal  rotation  is  near  1 0.8/cm. 


00,795 

PB94-199189       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSTL), 

Boulder,  CO.  Thermophysics  Div. 

Measurement  of  Diffusion  in  Supercritical  Fluid 

Systems:  A  Review. 

Final  rept. 

T.  J.  Bruno.  1993,  7p. 

Pub.  in  Proceedings  of  Aerospace  Sciences  Meeting 
and  Exhibit  (31st),  Reno,  NV.,  January  11-14,  1993, 
P1-7. 

Keywords:  "Supercritical  state,  "Diffusion  coefficient, 
"Aviation  fuels,  "Chromatographic  analysis,  Reprints, 
Diffusion,  Thermophysical  properties,  Chemical  analy- 
sis, "Supercritical  fluid  solutions. 

In  the  paper,  the  experimental  procedures  that  are  ap- 
plicable to  the  measurement  of  diffusion  in  supercritical 
fluid  solutions  will  be  reviewed.  This  topic  is  of  great 
importance  to  the  proper  design  of  advanced  aircraft 
and  the  turbine  fuels  these  aircraft  will  use.  The  main 
reason  for  this  is  that  the  fuels  on  these  high  perform- 
ance aircraft  may  sometimes  operate  under 
supercritical  fluid  conditions  when  they  are  used  as  a 
heat  sink,  for  the  cooling  of  friction-heated  surfaces. 
These  conditions  may  produce  unfavorable  chemical 
reactions  in  the  fuel.  The  decomposition  products  so 
produced  will  therefore  be  a  major  cause  of  heat  ex- 
changer fouling,  and  this  must  be  addressed  in  the 
early  stages  of  fuel  and  component  design.  Since 
transport  properties  are  needed  for  these  designs,  the 
authors  will  consider  measurements  of  one  of  the  most 
critical:  the  binary  interaction  diffusion  coefficient.  After 
a  brief  introduction  to  the  concept  of  diffusion,  the  au- 
thors will  discuss  in  detail  the  use  of  chromatographic 
methods,  and  then  briefly  treat  light  scattering,  nuclear 
magnetic  resonance  spectra,  and  physical  methods. 
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The  line  shape  problem  for  the  Balle-Flygare-type 
microwave  spectrometer  is  reexamined  experimentally 
using  the  method  of  sine  and  cosine  Fourier  transforms 
with  a  phase  correction. 
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AIF  has  been  generated  in  the  gas  phase  by  high  tem- 
perature reduction  of  AIF3  by  Al,  and  detected  and 
characterized  using  resonance-enhanced  multiphoton 
ionization.  Five  Rydberg  series  comprised  of  thirteen 
new  Rydberg  states  have  been  identified  for  the  first 
time.  Least-squares  fitting  of  the  Rydberg  series  to  the 
Rydberg  equation  yields  the  adiabatic  ionization  poten- 
tial of  AIF,  IP(sub  a)  =  9.729  +  or  -  0.001  Ev.  Vibrational 
intervals  for  all  of  the  new  Rydberg  states  are  about 
20%  greater  than  those  of  AIF  (X(sup  1  )Sigma(sup  +)), 
with  most  lying  between  930-980/cm.  The  vibrational 
frequencies  are  in  agreement  with  an  ionic  bonding 
model  for  AIF. 
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The  authors  have  measured  the  thermodynamic  prop- 
erties of  bis(difluoromethyl)  ether,  a  candidate  alter- 
native refrigerant  that  is  also  known  as  E134.  From  the 
data  the  authors  obtained  the  coefficients  of  a 
Carnahan-Starling-DeSantis  equation  of  state  and  a 
polynomial  representation  of  the  ideal-gas  heat  capac- 
ity. This  representation  of  the  thermodynamic  prop- 
erties of  E1 34  is  consistent  with  the  computer  package 
REFPROP  distributed  by  the  National  Institute  of 
Standards  and  Technology  to  represent  the  properties 
of  many  candidate  refrigerants.  The  representation  is 
based  on  measurements  of  the  refractive  index  of  the 
saturated  liquid  and  vapor,  and  the  speed  of  sound  of 
the  dilute  vapor.  These  measurements  provide  the 
boiling  point,  critical  parameters,  and  the  ideal-gas 
heat  capacity  of  E134.  Measurements  on  less  pure 
samples  were  used  to  estimate  the  density  of  saturated 
liquid  E134  and  compressed  liquid  E134,  and  the 
interfacial  tension.  The  pure  samples  appeared  to  be 
stable  during  the  measurements;  under  similar  condi- 
tions impure  samples  were  not.  Azeotropy  in  mixtures 
of  E134  with  CHF2CH2F  (also  known  as  R143)  was 
discovered. 
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Vibrational  branching  ratios  and  photoelectron  angular 
distributions  are  reported  for  photoionization  of  normal 
(the  equilibrium  ortho/para  mixture)  hydrogen  in  the  re- 
gion just  above  the  nu(+)  =  3  ionization  limit.  This  re- 


gion contains  a  number  of  vibrationally  autoionizing 
Rydberg  states,  and  the  goal  of  the  work  was  to  ob- 
serve experimentally  the  characteristic  behavior  asso- 
ciated with  the  decay  of  these  states  that  was  predicted 
by  Raoult  and  Jungen  (J.  Chem.  Phys.  74,3388 
(1981))  on  the  basis  of  an  MQDT  (multichannel  quan- 
tum defect  theory)  calculation  on  para-H2  (J  double 
prime  =  0).  We  have  indeed  observed  that  vibrational 
autoionization  strongly  favors  the  ionization  channel 
representing  the  minimum  change  in  the  vibrational 
state  of  the  ion  core,  as  predicted.  We  also  observed 
a  sharp  reduction  in  the  photoelectron  asymmetry  of 
the  nu(+)  =  3  (and,  to  a  lesser  extent,  the  nu(+)  =  2) 
ionization  channel  for  resonant  photoionization. 
Hence,  qualitative  agreement  with  theory  is  observed; 
however,  a  quantitative  comparison  now  requires  an 
extended  calculation  that  includes  the  additional  rota- 
tional levels  that  were  populated  under  the  present  ex- 
perimental conditions. 
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A  simple  procedure  for  the  determination  of  the  struc- 
ture normal  to  the  basal  plane  of  layered  compounds 
based  on  the  now  ubiquitous  maximum-entropy  meth- 
od is  presented.  It  is  illustrated  by  the  analysis  of  room- 
temperature  (00I)  elastic  neutron-scattering  experi- 
ments performed  on  two  graphite  intercalation  com- 
pounds, stage  3  C(44.6)MoCI(5)  and  stage  1 
KC24(ND3)4.3.  The  former  example  is  quite  simple, 
requiring  only  a  crude  heuristic  model  to  determine  the 
structure-factor  phases.  The  latter  shows  good  sen- 
sitivity to  the  orientation  of  the  ND3  threefold  axis  with 
respect  to  the  basal  plane,  thus  providing  its  first  direct 
determination. 
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The  temperature  and  enthalpy  of  fusion  of  a  pure  zinc 
specimen  chosen  from  NIST  SRM  2221a  have  been 
measured  for  the  first  time  simultaneously  in  a  high- 
precision,  method-of-mixtures,  isothermal,  phase- 
change  calorimeter.  The  measured  temperature  of  fu- 
sion (692.745  +  or  -  0.010)  K  was  obtained  with  a  new 
partial-fusion  technique  described  herein.  This  result 
agrees  well  with  the  IPTS-68  temperature  for  the  freez- 
ing point  of  pure  zinc.  The  measured  enthalpy  of  fusion 
(7026  +  or  -  40)  J/mol  differs  substantially  from  pre- 
vious values  in  the  evaluated  literature.  Detailed  exam- 
ination of  the  original  zinc  literature  data  and  of  the  sev- 
eral published  attempts  to  derive  from  them  the  en- 
thalpy of  fusion  has  reinforced  the  author's  conclusion 
that  the  present  result  for  the  enthalpy  of  fusion  of  zinc 
is  of  higher  accuracy  than  any  value  currently  given 
in  evaluated  data  compilations. 
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NH  stretching  overtone  and  combination  states  in  the 
HN3  singlet  XA'  state  were  excited  by  IR-visible  double 
resonance  pumping  and  by  direct  overtone  pumping 
in  the  range  17670/cm  to  20070/cm.  NH  fragments  in 
the  singlet  a-delta  and  triplet  X  sigma(sup-l)  states 
were  detected  by  laser  induced  fluorescence  with  sub- 
Doppler  resolution  to  determine  branching  ratios,  cor- 
related fragment  rotational  state  and  kinetic  energy  dis- 
tributions, and  fragment  vector  correlations.  The  spin- 
forbidden  triplet  channel  was  accessible  to  all  states 
excited,  while  the  threshold  for  the  singlet  channel  was 
determined  to  lie  in  the  range  18190  to  18755/cm.  Vec- 
tor correlations  and  lambda-doublet  propensities  show 
that  nonplanar  dissociation  processes  influence  the 
NH  rotations,  but  become  less  important  for  higher  NH 
rotational  states. 
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The  excited  vibrational  state  dynamics  of  CO  absorbed 
on  Pt(1 1 1)  are  explored  using  subpicosecond  infrared 
pump-probe  techniques.  The  response  for  a  CO(nu  = 
1)  adlayer  for  coverages  of  0.1,  0.3,  and  0.5 
monolayers  is  measured  as  a  function  of  time  delay 
and  probe  wavelength.  The  observed  transient  CO  vi- 
brational spectra  reveal  a  shift  to  lower  frequency  of 
the  CO  internal  stretch  mode  as  the  degree  of  exci- 
tation of  the  adlayer  is  increased.  These  spectra  are 
discussed  in  terms  of  density  matrix  models  which  ad- 
dress the  coherence  time  of  the  adlayer  (nu  =  1)  exci- 
tation and  the  excited  state  spectral  characteristics  of 
strongly-coupled  anharmonic  oscillators.  The  two-to- 
three  picosecond  recovery  time  of  the  transient  re- 
sponse is  consistent  with  relaxation  through  electron- 
hole  pair  creation.  The  relationship  of  the  measured 
T(1 )  decay  to  the  observed  lineshape  is  addressed. 
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The  surface  accumulation  layer  that  forms  as  a  result 
of  oxygen  vacancies  near  the  surface  of  an  oxide  semi- 
conductor can  be  used  as  an  extremely  sensitive  probe 
of  phenomena  occurring  at  the  surface.  By  incorporat- 
ing a  UHV-compatible,  four-point  conductance  meas- 
urement in  our  surface  analysis  apparatus,  we  have 
investigated  the  formation  of  metal-semiconductor 
interfaces  on  SnO2(110)  with  varying  oxygen  stoichi- 
ometry.  For  only  a  0.1  monolayer  equivalent  (ML)  cov- 
erage of  Sn  deposited  onto  a  high-oxygen-content  sur- 
face prepared  by  oxygen  plasma  treatment,  we  ob- 
serve a  500-fold  increase  in  conductance.  Our  results 
suggest  that  at  this  coverage,  Sn  reacts  with  the  ex- 
cess chemisorbed  oxygen  and  also  creates  point  de- 
fects by  abstracting  oxygen  from  the  lattice.  In  contrast, 
Pd  reacts  only  with  chemisorbed  species,  as  indicated 
by  a  smaller  conductance  change  and  by  differences 
in  the  size-effect  shifted  core  levels  observed  at  the 
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same  coverage  for  thermal  and  plasma  oxidized  sur- 
faces. Oxygen  plasma  treatment  of  an  8  ML  Pd  film 
is  shown  to  be  an  effective  room  temperature  oxidation 
procedure  and  is  used  as  a  basis  of  comparison  for 
studies  of  the  reaction  of  submonolayer  coverages  of 
Pd  on  plasma  and  thermally  oxidized  surfaces. 
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An  evaluated  compilation  of  absolute  sputtering  yield 
data  has  been  prepared  for  those  parameters  specific 
to  surface  analysis  and  depth  profiling.  This  compila- 
tion was  done  for  elemental  targets  bombarded  with 
ion  species  of  Ar  and  Xe  at  energies  from  0.5  to  20 
keV.  Data  evaluation  was  based  on  the  target  surface 
cleanliness  during  measurement  and  on  the  total  ion 
dose.  Calculated  yields  were  fitted  to  the  evaluated 
data  to  obtain  evaluated  sputtering  yields.  We  have 
shown  this  approach  to  be  consistent  and  reliable. 
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We  have  measured  the  low-energy  inelastic  neutron 
scattering  spectra  of  superconducting  K3C60  and  insu- 
lating Rb6C60.  Well-defined  peaks  are  observed  at 
room  temperature  at  3.59(4)  meV  (full  width  at  half 
maximum  (FWHM)  =1.11(15)  meV)  and  5.49(38)  meV 
(FWHM  =  3.41(44)  meV),  respectively.  They  harden 
with  decreasing  temperature  and  the  dependence  of 
their  intensities  on  the  scattering  vector  shows  that 
they  are  due  to  small-amplitude  librational  motion.  No 
anomalous  behavior  of  the  librational  peak  was  ob- 
served on  cooling  through  the  superconducting  transi- 
tion temperature,  indicating  that  electron-librational 
coupling  is  weak.  The  energy  barrier  for  reorientation 
is  estimated  to  be  at  least  twice  as  large  in  K3C60  as 
in  C60.  Substantial  disorder  persists  for  K3C60  in  the 
superconducting  state. 
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Improvements  in  sample  preparation  methods  have  re- 
sulted in  increased  accuracy  in  x-ray  powder  diffraction 
intensity  measurements.  This  improvement  has  fo- 
cused scrutiny  on  the  instrument  as  a  potential  source 
of  error.  NIST  Standard  Reference  Material,  SRM  1976 
consists  of  a  sintered  alpha  alumina,  corundum,  plate 
certified  with  respect  to  12  relative  intensity  values 
from  25  to  145  degrees  2  theta.  Its  function  is  to  allow 


for  standardization  of  powder  diffraction  intensity  as  a 
function  of  2  theta  angle  (instrument  sensitivity).  An  in- 
crease in  the  accuracy  of  interlaboratory  comparisons 
of  diffraction  intensity  and  related  determinations  will 
result.  Utilization  of  the  SRM  requires  the  user  to  col- 
lect intensity  data  from  the  test  instrument  in  a  manner 
which  conforms  to  that  used  in  the  certification.  Graphi- 
cal interpretation  of  the  ratio  of  these  data  to  those  on 
the  certificate  will  allow  for  appropriate  judgment  as  to 
the  condition  of  the  test  instrument. 
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The  microwave  spectrum  of  the  cis-trans  conformer  of 
divinyl  ether,  previously  measured  by  Hirose  and  co- 
workers, has  been  fit  using  a  multidimensional  Internal 
Axis  Method-like  (lAM-like)  treatment  which  accounts 
for  the  27  MHz  tunneling  splitting  displayed  by  this  mol- 
ecule. This  multidimensional  lAM-like  treatment  begins 
by  first  determining  the  various  feasible  tunneling 
path(s)  connecting  the  two  frameworks  of  the  mol- 
ecules. For  the  tunneling  process  corresponding  to  an 
antigeared  rotation  of  each  vinyl  unit  about  axes  coin- 
ciding with  the  respective  CO  bonds,  two  limiting  cases 
are  considered:  if  the  molecule  goes  through  a  planar 
configuration  during  the  tunneling,  only  one  tunneling 
path  arises:  if  the  intermediate  configuration  is  not 
planar,  two  equivalent  tunneling  paths  occur.  The  con- 
sequences for  the  J  and  K  dependence  of  the  splitting 
area  are  examined,  and  using  this  formalism  the  micro- 
wave data  are  fitted  with  an  RMS  deviation  of  0.17 
MHz.  The  parameters  to  the  J  and  K  dependence  of 
the  splitting  are  also  determined  and  their  values  are 
interpreted  in  favor  of  a  two  tunneling  path  system.  A 
comparison  with  the  values  obtained  theoretically  for 
those  parameters  is  also  carried  out. 
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Two  pulse  sequences  are  described  for  acquisition  of 
two-dimensional  carbon-proton  chemical  shift  cor- 
related, (13)C  NMR  spectra  by  the  'phase  oscillations 
to  maximize  editing  technique'.  One  of  these  se- 
quences provides  two-dimensional,  carbon-proton 
chemical  shift  correlated  spectra  in  which  the  (1)H-(1)H 
coupling  constants  are  present  in  the  (1)H  chemical 
shift  dimension,  whereas  the  other  sequence  includes 
a  bilinear  rotation  decoupling  unit  that  removes  the  vici- 
nal (1)H-(1)H  couplings  in  this  dimension.  Extensions 
of  these  techniques  to  generation  of  two-dimensional, 
carbon-proton  chemical  shift  correlated  CH,  CH2,  and 
CH3,  (13)C  NMR  subspectra  from  linear  combinations 
of  three,  two-dimensional  data  sets  are  described.  De- 
creased residual  signals  in  the  edited  2D  subspectra 
have  been  achieved  by  Pascal  programs  that  include 
six  floating  point  coefficients,  and  a  method  for  their 
calibration  is  discussed.  Results  are  reported  for 
troleandomycin  (1). 
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Hydrogen  atoms  from  the  decomposition  of 
hexamethylethane  were  reacted  with  chlorobenzene, 
o-dichlorobenzene,  p-dichlorobenzene  and  1,2,3 
trichlorobenzene  in  the  presence  of  toluene  or  1,3,5 
trimethylbenzene  in  single  pulse  shock  tube  experi- 
ments. Rate  laws  for  the  reactions  were  written  using 
the  rate  expression  for  the  displacement  of  the  methyl 
group  from  the  methylated  aromatics  as  standards  for 
temperatures  of  1050-1150  K  and  pressures  between 
2.5  to  3.2  atm.  In  this  temperature  range  the  relative 
rate  constants  on  a  per  chlorine  basis  for  the  reactions 
are  1:1.15:1.05:1.8:2.4. 
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Heterodyne  frequency  measurements  have  been  ex- 
tended to  87  THz  by  using  the  CO  overtone  laser  as 
a  transfer  oscillator.  Measurements  were  made  on  the 
11  (sup  1)1-01(sup  1)0  band  of  OCS  at  2900/cm.  Fre- 
quency differences  were  measured  between  a  tunable 
diode  laser  (TDL)  which  was  locked  to  OCS  absorption 
lines  and  a  stabilized  overtone  laser  which  was  ref- 
erenced to  stabilized  C02  lasers.  These  measure- 
ments have  been  combined  with  earlier  Fourier  trans- 
form (FT)  measurements  and  a  comprehensive  set  of 
data  from  frequency  and  FT  measurements  on  lower 
lying  transitions  in  OCS.  This  permits  obtaining  accu- 
rate values  of  transition  frequencies  for  calibration  of 
spectra  in  the  3.4-micrometer  region. 
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Recent  experiments  by  Zafiropulos  et  al  (Phys.  Rev. 
Lett.  61,  1485  (1988))  indicate  that  K2 
photodissociation  through  the  B  singlet  Pi(u)  state  re- 
sults in  fluorescence  polarization  which  is  strongly  de- 
pendent on  excitation  wavelength.  To  understand 
these  results,  we  have  studied  the  K2  system  quantum 
mechanically  using  a  half  collision  analysis  derived 
from  the  generalized  form  of  multichannel  quantum  de- 
fect theory.  An  approximation  called  the  Adiabatic  (a- 
>c)  /  Recoil(c->e)  approximation  is  developed  for  the 
half  collision  matrix  which  reproduces  quantitatively  the 
exact  half  collision  results  projected  for  the  close-cou- 
pled wavefunction.  The  quantum  mechanical  expres- 
sion for  the  polarization  as  a  function  of  J(0)  and  total 
energy  E  is  found  to  be  extremely  simple  in  this  ap- 
proximation, depending  only  on  J(0)  and  the  single- 
channel  P,  Q  and  R  phase  shifts  for  the  adiabatic  ref- 
erence states  corresponding  to  the  B  singlet  Pi(u)  state 
at  short  distance. 
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Intersystem  Crossing  in  Collisions  of  Aligned 
Ca(4s5p  (1)P)  +  He:  A  Half  Collision  Analysis  Using 
Multichannel  Quantum  Defect  Theory. 
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A  half  collision  analysis  of  alignment  effects  on 
intersystem  crossing  in  the  collisions  of  Ca  (4s5p 
singlet  P)  with  He  has  been  performed  using  general- 
ized Multichannel  Quantum  Defect  Theory  (MCQDT). 
The  theory  provides  a  rigorous  analytical  representa- 
tion of  the  numerically  exact  close-coupled  scattering 
wavefunctions.  The  half  collision  analysis  results  in  a 
factorization  of  the  full  quantum  collision  problem  into 
a  number  of  simpler  quantum  mechanical  problems 
which  reflect  different  regions  of  development  during 
the  collision.  A  WKB-assisted,  frame  transformation 
approximation  to  the  incoming  half  collision  matrix  is 
tested  numerically  and  is  found  to  be  useful  in  project- 
ing out  information  on  the  'locking  results'  concept. 
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There  exists  a  high  correlation  between  molecular  sur- 
face area  (TSA)  of  triorganotin  and  triorganolead  com- 
pounds and  their  toxicity  towards  an  algae  (E.  coli)  and 
a  bacterium  (S.  capricornutum).  Parallel  attempts  to 
correlate  other  Group  IVA  organometals  incorporating 
silicon  or  germanium  were  unsuccessful.  It  was  further 
demonstrated,  however,  that  a  high  correlation  was  ob- 
tainable between  certain  series  of  compounds  with  the 
same  organic  substituent  but  different  metal  centers  in- 
volving all  Group  IVA  elements.  In  both  instances,  the 
inability  to  obtain  a  quantitative  structure-activity  rela- 
tionship (QSAR)  for  all  systems  studied  appears  to  be 
a  function  of  the  solubility  of  the  compounds.  While 
organotin  TSA  values  have  been  found  to  correlate 
well  with  their  toxicities  toward  various  organisms,  this 
study  clearly  suggests  that  this  type  of  QSAR  can  be 
readily  extended  to  include  other  organometal  sys- 
tems, provided  that  there  is  no  solubility  problem  and 
the  toxicity  is  a  function  of  the  hydrophobicity  of  the 
organometal  compounds. 
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Laser  photolysis-kinetic  spectroscopy,  end-product 
analysis,  and  detailed  modeling  were  used  to  inves- 
tigate three  reaction  systems  in  detail.  Included  were 
vinyl-vinyl,  vinyl-methyl,  and  vinyl-methyl-hydrogen 
atoms.  Product  ratios,  as  a  function  of  the  rate  con- 
stants, could  be  approximated  using  simple  expres- 
sions. This  greatly  simplified  the  precise  numerical 
modeling  of  these  complex  systems  and  also  permitted 
a  realistic  error  analysis.  Reactions  and  rate  constants 
at  25  C  are  summarized. 
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The  first  high-resolution  spectra  of  ArHF  excited  to  the 
nu(HF)=2  <-  0  manifold  near  7,800/cm  are  recorded 
via  direct  infrared  absorption  in  a  slit  supersonic  expan- 
sion. The  tunable  difference  frequency  light  is  gen- 
erated via  nonlinear  subtraction  of  a  cw  Nd:YAG  laser 
from  a  tunable  cw  ring  dye  laser  in  temperature  phase 
matched  LiNb03,  and  permits  continuous  single-mode 
access  to  the  1-2  micrometer  near-IR  region.  In  con- 
junction with  previous  results  from  the  nu(HF)=1  and 
nu(HF)=0  vibrational  levels,  these  studies  provide  the 
necessary  data  for  fitting  an  atom  +  diatom  potential 
energy  surface  as  a  function  of  all  intermolecular  and 
intramolecular  internal  degrees  of  freedom. 
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The  HF  stretching  band  of  the  NO-HF  open-shell  com- 
plex has  been  recorded  using  a  molecular-beam 
optothermal  spectrometer.  The  spectrum  exhibits  P- 
type  doubling  indicative  of  an  unpaired  electron  spin 
coupled  to  the  rotational  angular  momentum  of  a  bent 
complex  with  substantially  quenched  electron  orbital 
angular  momentum.  From  B'  =  0.1 1 1316(28)/cm,  the 
zero-point  center-of-mass  separation  is  estimated  to 
be  3.439(3)  A.  The  HF  frequency  shift  of  84/cm  indi- 
cates that  the  complex  is  hydrogen  bonded,  and  the 
spectral  intensities  imply  that  the  HF  axis  is  aligned 
closely  to  the  center-of-mass  axis  and  the  NO  is  off 
axis  by  30  +  or  -  15  deg.  The  Renner-Teller-like  orbital 
quenching  parameter  is  somewhat  larger  than  the 
spin-orbit  constant  in  the  free  NO  molecule  and  in- 
creases substantially  upon  vibrational  excitation.  The 
transitions  in  this  band  exhibit  vibrational 
predissociation  broadening  of  200  +  or  -  40  MHz 
(FWHM),  similar  to  that  observed  for  a  number  of 
closed-shell  hydrogen-bonded  HF  complexes. 
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Merocyanine  540  (MC)  shows  promise  as  a  treatment 
for  certain  types  of  leukemia.  It  is  shown  that  MC  read- 
ily undergoes  one-electron  reduction  under  pulse 
radiolytic  conditions.  The  pi-radical  anion,  produced  by 
reduction  with  hydrated  electrons  and  2-hydroxypropyl 
radicals,  disproportionates  rapidly  under  anaerobic 
conditions  but  reduces  02  to  superoxide  ions  in  aer- 


ated solution.  The  dye  reacts  with 
trichloromethylperoxyl  radicals  to  form  several  prod- 
ucts, one  of  which  is  believed  to  be  an  adduct  formed 
by  addition  of  CCI300(dot)  to  the  bridgehead  carbon- 
atom  of  the  benzoxazole  subunit.  This  species  decays 
via  first-order  kinetics  under  pulse  radiolytic  conditions 
to  form  cleavage  products.  A  second  primary  product 
is  believed  to  arise  from  addition  of  CCI302(dot)  to  the 
polymethine  chain  to  form  an  alpha-amino  carbon-cen- 
tered radical  capable  of  reducing  02  to  superoxide 
ions.  Preliminary  studies  indicate  that  the  breakdown 
products  are  cytotoxic  and  could  be  important 
intermediates  for  the  known  antiviral  activity  of  MC. 
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A  recently  derived  asymptotic  theory  for  Henry's  Law 
constants  near  the  critical  point  of  a  solvent  is  adapted 
to  the  description  of  the  solubility  of  solids  in 
supercritical  fluids.  When  solubility  data  for  several 
systems  are  examined  in  the  manner  suggested  by  the 
theory,  all  the  experimental  iostherms  for  a  given  sys- 
tem (with  the  exception  of  a  few  near-critical  points 
where  we  attribute  the  deviations  to  finite-concentra- 
tion effects)  collapse  onto  a  single  curve  which  is  linear 
over  a  substantial  range  of  solvent  densities.  This  work 
provides  a  theoretical  justification  for  some  often-noted 
empirical  relationships  between  solubilities  and  en- 
hancement factors  and  the  density  of  the  supercritical 
solvent. 
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Measurements  using  tunable  picosecond  infrared 
pulses  of  CO(v=1)  vibrational  population  relaxation  for 
carbon  monoxide  bound  to  transition  metal  cluster 
compounds  and  supported  metal  particles  give  the  first 
time-resolved  evidence  for  vibrational-to-electronic  en- 
ergy damping  of  adsorbates  on  metals. 
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X-ray  and  neutron-diffraction  measurements  have 
been  used  to  study  the  evaluation  of  the  lattice  param- 
eter of  solid  C(60)  through  the  orientational-ordering 
transition.  The  lattice  parameter  jumps  by  +0.044  +  or 
-  0.004  A  on  heating,  indicating  a  strongly  first-order 
transition.  The  average  isobaric  volume  thermal-ex- 
pansion coefficient  both  above  and  below  the  transition 
is  6.2  +  or  -  0.2  X  10(sup  -5)/K.  We  observe  phase 
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coexistence  over  a  5-K  range,  but  little  if  any 
hysteresis. 
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This  is  a  brief  report  on  'The  Second  International  Con- 
ference on  Chemical  Kinetics',  held  July  24-27,  1989, 
at  NIST,  Gaithersburg,  MD. 
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The  m-fold  extended  group  G(sub  18,  sup  m),  cor- 
responding to  the  permutation-inversion  group  G(sub 
18)  for  molecules  like  H3C-SiH3,  has  been  obtained. 
In  this  group,  m  is  the  smallest  integer  for  which  m(rho) 
is  also  an  'integer,'  where  rho  is  the  usual  ratio  of  the 
moment  of  inertia  of  the  top  about  A  axis  to  the  moment 
of  inertia  of  the  molecule  about  the  A  axis.  The  ex- 
tended group  has  18m  elements,  divided  into  (9m+3)/ 
2  or  (9m+6)/2  classes,  for  odd  and  even  values  of  m, 
respectively.  It  is  possible  to  rationalize  the  pattern  of 
observed  and  unobserved  avoided-crossing  signals  in 
recent  molecular  beam  studies  of  symmetric  top  inter- 
nal rotor  molecules.  With  the  understanding,  it  also 
proved  possible  to  detect  for  the  first  time  one  of  the 
'missing'  avoided-crossing  signals  in  CH3SiH3. 
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The  rate  constant  of  the  CCI3  +  Br2  ->  CCI3Br  +  Br 
reaction  was  determined  as  a  function  of  temperature 
between  300  and  532  K  and  fit  to  an  Arrhenius  expres- 
sion. The  reaction  was  studied  in  a  tubular  flow  reactor 
using  laser  photolysis  to  produce  the  CCI3  reactant 
and  photoionization  mass  spectrometry  to  monitor 
CCI3  in  time  resolved  experiments.  Previously  pub- 
lished kinetic  data  were  evaluated  to  calculate  k(sub- 
1),  the  rate  constant  for  the  reverse  reaction,  and  re- 
cent spectroscopic  data  were  used  to  calculate  accu- 
rate entropies  and  heat  capacities.  The  rate  constants 
were  used  in  a  Third  Law  thermodynamic  calculation 
to  obtain  values  for  the  standard  enthalpies  of  forma- 
tion of  CCI3  and  CCI3(1+),  17.7  and  205.9  kcal/mol, 
respectively. 
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Resonance  enhanced  multiphoton  ionization  (REMPI) 
spectra  of  GeF  and  GeCI  radicals  were  observed  be- 
tween 400-500  nm.  Numerous  vibrational  bands  of 
several  electronic  states  were  observed  through  2+1, 
1+2,  and  1+1+1  REMPI  excitation  mechanisms.  The 
use  of  REMPI  spectroscopy  enabled  observation  of 
several  'one  photon  forbidden'  transitions. 
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The  structures  and  optical  spectroscopy  of  the  CCI3 
radical  and  cation  were  studied  by  ab  initio  molecular 
orbital  calculations  and  by  experiment.  The  structures 
of  the  X  singlet  A'(sub  1)  state  of  the  CCI3  cation  and 
the  X  doublet  A(sub  1)  and  X  doublet  A(sub  2)(sup 
double  prime)  structures  of  the  CCI3  radical  were  opti- 
mized by  ab  initio  calculations  using  the  6-31G(star) 
basis  set.  The  ground  state  of  the  CCI3  radical  is  of 
X  doublet  A(sub  1)  symmetry  with  r(sub  e)  (C-CI)= 
1.7142  A  and  CI-C-CI  bond  angle  =  117.10  deg.  Vibra- 
tional frequencies  for  each  CCI3  species  were  com- 
puted. In  experiments  the  electronic  spectrum  of  (35)C 
CI3  radicals  was  observed  between  336-440  nm  using 
mass  resolved  resonance  enhanced  multiphoton  ion- 
ization (REMPI)  spectroscopy.  The  spectrum  arose 
from  two-photon  resonances  with  planar  Rydberg 
states. 
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The  rate  constant  for  the  self-reaction  of  the  peroxyl 
radical  derived  from  methanol,  HOCH2OO(d0t),  has 
been  measured  over  the  temperature  range  5-53  C. 
The  radical  has  a  maximum  absorptivity  of  970  l/mol/ 
cm  at  240  nm  and  an  absorptivity  of  about  510  l/mol/ 
cm  at  280  nm.  From  a  modified  Arrhenius  fit  to  the 
data,  the  rate  constant  at  25  C  was  calculated  to  be 
K298K  =  ((7.4  +  or  -  0.1)  X  10  to  the  8th  power)  l/mol/ 
s  and  the  temperature  dependence  of  the  reaction  to 
be  E/R  =  1395  +  or  -  66  K.  As  part  of  this  study,  the 
rate  constant  for  the  recombination  of  the  sulfate  radi- 
cal, S04(1-),  was  found  to  be  ((4.4  +  or  -  0.4)  X  10 
to  the  8th  power)  l/mol/s,  independent  of  temperature 
over  the  range  1 2  to  53  C. 
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Rate  constants  have  been  measured  as  a  function  of 
temperature  over  the  range  10  to  60  C  for  the  reactions 
of  the  sulfate  radical,  S04(1-)  with  azide,  chloride,  cya- 
nate,  cyanide,  acetate,  and  carbonate  anions.  Room 
temperature  rate  constants  ranged  from  about 
5,000,000  to  5  times  10  to  the  11th  power/M/s.  The 
variation  of  the  rate  constant  with  substrate  depended 
mainly  on  the  Arrhenius  pre-expo.nential  factor  and 
less  on  the  activation  energy.  For  the  reaction  of 
S04(1-)  with  Cl(1-),  the  dependence  of  the  rate  con- 
stant on  ionic  strength  was  determined  to  be  in  agree- 
ment with  the  theoretical  prediction. 
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Electron  transfer  reactions  of  the  carbonate  radical 
anion  with  azide,  bromide,  and  hypochlorite  ions  have 
been  studied  by  pulse  radiolysis.  From  the  equilibrium 
Br2(1-)(dot)  +  C03(2-)  =  2Br(1-)  +  CO3(-)(d0t)  and  the 
known  redox  potential  for  the  Br2(1-)(dot),'2Br(1-)  half 
reaction,  the  redox  potential  for  the  CIO(dot)/CIO(1 -) 
half  reaction  was  derived.  The  equilibrium  reaction 
S04(1-)(dot)  +  Cl(1-)  =  S04(2-)  +  Cl(dot)  was  studied 
by  laser  photolysis  using  284  nm  excitation  of  S208(2- 
)  to  produce  S04(l-)(dot)  by  examining  the  rate  of  re- 
action of  this  radical  with  Cl(1-)  in  the  presence  of  vary- 
ing concentrations  of  S04(2-).  By  modeling  the  reac- 
tions occurring  in  this  system,  the  rate  constant  and 
equilibrium  constant  for  the  reaction  of  CI  (dot)  with 
S04(2-)  were  derived. 
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The  rate  constant  for  the  reaction  of  NO  with  the 
superoxide  anion  was  determined  to  be  ((6.7  +  or  -  0.9) 
X  10  to  the  9th  power)l/mol/s,  considerably  higher  than 
previously  reported.  Rate  measurements  were  made 
from  pH  5.6  to  12.5  both  by  monitoring  the  loss  oif  the 
superoxide  anion  and  the  formation  of  the  product 
peroxynitrite  radical.  The  decay  rate  of  the  peroxynitrite 
radical,  in  the  presence  of  0.1  mol/l  formate,  ranges 
from  1 .2/s  at  pH  5  to  about  0.2/s  in  strong  base,  the 
latter  value  probably  reflecting  catalysis  by  formate. 
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Rate  constants  have  been  measured  by  pulse  radioly- 
sis for  the  reactions,  of  the  carbonate  radical  with  a 
number  of  organic  and  inorganic  reactants  as  a  func- 
tion of  temperature,  generally  over  the  range  5  to  80 
C.  The  reactants  include  the  substitution-inert  cyano 
complexes  of  Fe(ll),  Mo(IV),  and  W(IV),  the  simple  in- 
organic anions  (S03)(2-),  (CI02)(1-),  (N02)(1-),  1(1-), 
SCN(1-),  several  p'henolates,  ascorbate,  tryptophane, 
cysteine,  cystine,  methionine,  triethylamine,  and  allyl 
alcohol.  The  measured  rate  constants  ranged  from 
less  than  100,000  to  (3  X  10  to  the  9th  power)/M/s  and 
the  activation  energies  ranged  from  -11.4  to  18.8  kJ/ 
mol.  The  activation  energies  for  the  metal  complexes 
and  inorganic  anions  generally  decrease  with  increas- 
ing driving  force  for  the  reaction,  as  expected  for  an 
outer  sphere  electron  transfer.  For  highly  exothermic 
reactions,  however,  the  activation  energy  appears  to 
increase,  probab.'y  reflecting  the  temperature  depend- 
ence of  diffusion.  For  many  of  the  organic  reactants, 
the  activation  energies  were  low  and  independent  of 
driving  force,  suggesting  that  the  oxidation  is  via  an 
inner  sphere  mechanism. 
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It  has  been  realized  during  the  last  5  years  that  quan- 
titative surface  analyses  by  Auger  electron  spectros- 
copy (AES)  and  x-ray  photoelectron  spectroscopy 
(XPS)  can  be  greatly  complicated  by  the  effects  of 
elastic  electron  scattering.  These  effects  had  pre- 
viously bfien  largely  ignored.  We  review  here  the  ef- 
fects of  elastic  scattering  in  the  formalism  of  quan- 
titative surface  analysis  by  AES  and  XPS  and  discuss 
the  various  definitions  of  terms  (inelastic  mean  free 
path,  attenuation  length  and  escape  depth)  that  have 
been  used  to  describe  inelastic  scattering  and  the  sur- 
face sensitivities  of  various  electron  spectroscopies. 
We  show  how  a  realistic  theoretical  model  of  electron 
transport  that  includes  elastic  electron  scattering  can 
be  related,  for  some  analytical  situations,  to  the  com- 
mon simple  formalism  of  AES  and  XPS  in  which  elastic 
scatteri  ng  is  neglected.  We  consider  specifically  meas- 
urements of  overlayer  thickness,  determination  of  sur- 
face composition  for  a  homogeneous  surface  region 
and  estimation  of  the  average  depth  of  analysis  and 
we  indicate  which  parameter  describing  inelastic  scat- 
tering can  be  used  in  the  simple  formalism  for  these 
applications. 
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The  glass  transition  temperatures,  Tg,  of  organic  liq- 
uids confined  to  small  pores  were  studied  by  differen- 
tial scanning  calorimetry  (DSC).  The  Tg  was  measured 
as  a  function  of  pore  size  in  controlled  pore  glasses 
having  pore  diameters  in  the  range  of  40-730  A.  The 
surface  of  the  glass  was  treated  with 
hexamethyldisilazane  to  promote  wetting  by  the  or- 
ganic liquids  studied  (o-terphenyl  and  benzyl  alcohol). 
Glasses  formed  in  the  pores  had  a  lower  Tg  than  in 
the  bulk  and  the  reduction  in  Tg  increased  as  the  pore 


size  decreased.  For  example,  the  depression  of  the 
glass  transition  temperature,  delta  Tg,  of  benzyl  alco- 
hol in  40  A  and  85  A  pores  was  7.2  K  and  3.1  K,  re- 
spectively. The  magnitude  of  delta  Tg  also  depends  on 
the  material,  e.g.  for  o-terphenyl  in  the  85  A  pores  delta 
Tg  was  8.8K  versus  3.1K  for  benzyl  alcohol.  In  general, 
it  was  noted  that  delta  Tg  was  considerably  less  than 
for  the  depression  of  the  crystalline  melting  point  delta 
Tm,  studied  in  related  work.  For  example,  for  benzyl 
alcohol  in  the  85  A  pores,  delta  Tm  was  approximately 
25  K  and  delta  Tg  was  approximately  3  K. 
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The  solid-liquid  phase  transition  temperatures  and 
heats  of  fusion  (HOF),  of  non-polar  organic  solids  con- 
fined in  the  pores  of  controlled  pore  glasses  were 
measured  by  differential  scanning  calorimetry.  The 
pore  diameters,  d,  were  in  the  range  of  40-730A  and 
the  organics  studied  were  cis-decalin,  trans-decalin, 
cyclohexane,  benzene,  chlorobenzene,  naphthalene 
and  heptane.  In  accordance  with  previous  reports  on 
studies  of  inorganic  materials,  the  melting  point  of  the 
pore  solid,  T(d),  decreased  with  decreasing  pore  diam- 
eter. In  addition,  a  large  reduction  in  the  bulk  HOF  of 
the  pore  solid  was  measured,  which  has  not  been  stud- 
ied in  detail  by  other  workers.  A  linear  correlation  was 
found  between  the  melting  point  depression  and  the 
reciprocal  diameter,  in  accordance  with  the  Gibbs- 
Thomson  equation.  The  calculated  values  of  the  solid- 
liquid  interfacial  energy,  using  a  modification  of  the 
Gibbs-Thomson  equation  were  in  good  agreement  with 
values  reported  in  the  literature  based  on  other  meth- 
ods of  measurement. 
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The  electronic  spectra  of  silyl  radicals,  SiH3  and  SiD3, 
were  observed  between  460-610  nm  (49,200-65,200/ 
cm)  by  resonance  enhanced  multiphoton  ionization 
(REMPI)  mass  spectroscopy.  The  spectra  were  pro- 
duced through  a  3+1  REMPI  mechanism.  Spectra  of 
four  new  planar  Rydberg  states  were  observed  and  as- 
signed. In  SiH3  the  observed  states  and  spectroscopic 
constants  are  D  doublet  A'(sub  1)  (3d):  To  = 
49787(30),  omega(sub  2)  =  808(31  )/cm;  I"  (4d):  To  = 
56253(30),  omega(sub  2)  =  814(25)/cm;  J'  (4d):  To  = 
57726(30),  omega(sub  2)  =  835(26)/cm;  and  K'  (5d): 
To  =  59615(30)/cm,  omega(sub  2)  =  835(26)/cm.  In 
SiD3,  the  observed  states  and  spectroscopic  constants 
are  D  doublet  A'(sub  1)  (3d):  To  =  49787(30), 
omega(sub  2)  =  604(28)/cm;  I'  (4d):  To  =  56253(30), 
omega(sub  2)  =  604(1 7)/cm;  and  J'  (4d):  To  = 
57726(30),  omega(sub  2)  =  599(20)/cm. 
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Four  new  electronic  states  of  NH  and  ND  have  been 
observed  and  analyzed  by  REMPI  (Resonance  En- 
hanced Multiphoton  Ionization)  Spectroscopy  in  the  re- 
gion of  258  through  288  nm.  The  NH  (ND)  was  pro- 
duced by  the  photolysis  of  HN3  (DN3)  (hydrazoic  acid) 
in  the  same  wavelength  region.  The  observed  two-pho- 
ton transitions  are  from  the  a  singlet  delta  state  to  3s 
and  3p  Rydberg  states.  The  new  state  assignments 
are  :  e  singlet  Pi  (3s  sigma)  at  82857/cm,  f  singlet  Pi 
(3p  sigma)  at  86378/cm,  g  singlet  delta  (3p  pi)  at 
88141/cm,  and  h  singlet  Sigma  (3p  pi)  at  89151/cm. 
Rotational  constants  (B  and  D)  and,  where  possible, 
vibrational  spacings  for  the  twelve  observed  bands  are 
also  determined. 
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The  electronic  spectra  of  silyl  radicals,  SiH3  and  SiD3, 
were  observed  between  310  and  430  nm  (46,000- 
64,000/cm)  by  resonance  enhanced  multiphoton  ion- 
ization (REMPI)  mass  spectroscopy.  The  spectra  were 
generated  through  a  2  +  1  REMPI  mechanism.  Two 
Rydberg  series  originating  from  planar,  D(sub  3h)  point 
group  states  were  observed.  One  series,  of  quantum 
defect  delta  =  1.45(2),  is  comprised  of  the  E  doublet 
A(sub  2)(sup  double  prime)  (4p),  J  doublet  A(sub 
2)(sup  double  prime)  (5p),  and  M  doublet  A(sub  2)(sup 
double  prime)  (6p)  Rydberg  states  which  have  origins 
at  nu(sub  o-o)  =  48,438,  56,929,  and  60,341/cm  in 
SiH3  and  at  nu(sub  o-o)  =  48,391 ,  56,874,  and  60,267/ 
cm  in  SiD3.  In  SiD3,  the  P  doublet  A(sub  2)(sup  double 
prime)  (7p)  Rydberg  origin  was  observed  at  nu(sub  o- 
o)  =  62,002/cm.  The  H,  K,  and  N  states  observed  in 
the  SiD3  spectrum  comprise  the  second  Rydberg  se- 
ries, delta  =  2.09,  and  were  tentatively  assigned  as  ns 
doublet  A'(sub  1 )  Rydberg  states  (n  =  5,  6,  7). 


00,838 

PB94-212792       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL), 
Gaithersburg,  MD.  Molecular  Physics  Div. 
Product  Kinetic  Energies,  Correlations,  and  Scat- 
tering Anisotropy  in  the  Bimolecular  Reactor 
0((1)D)+H20  yields  20H. 
Final  rept. 

D.  S.  King,  D.  G.  Sauder,  and  M.  P.  Casassa.  1992, 

4p. 

Sponsored  by  Air  Force  Office  of  Scientific  Research, 
Boiling  AFB,  DC. 

Pub.  in  Jnl.  of  Chemical  Physics  97,  n8  p591 9-5922, 
15  Oct  92. 

Keywords:  'Hydroxyl  radicals,  Chemical  reactions,  In- 
ternal energy,  Kinetic  energy,  Oxygen  16,  Oxygen  18, 
Anisotropy,  Correlations,  Ozone,  Water,  Reprints, 
Doppler  spectroscopy. 

Doppler  spectroscopy  of  the  (16)OH  and  (18)OH  prod- 
ucts of  the  (16)0(singlet  D)  +  H2(18)0  reaction  reveals 
scattering  anisotropy:  (16)OH  scatters  in  the  hemi- 
sphere containing  the  (16)0-atom  velocity  vector.  In- 
ternal energies  of  geminate  OH  fragments  are  cor- 
related: fragments  of  high  internal  energy  form  with 
cofragments  of  low  internal  energy. 
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The  OH  stretching  fundamental  band,  nu(1),  of 
CH30H  has  been  recorded  with  sub-Doppler  resolu- 
tion using  a  molecular-beam  optothermal  spectrom- 
eter. The  low  effective  temperature  (about  6  K)  of  the 
molecular  beam  greatly  reduces  the  spectral  conges- 
tion from  hot  torsional  vibrations  and  high  rotational 
levels  seen  at  room  temperature,  permitting  a  reason- 
ably complete  assignment,  a  fit  to  a  global  hindered 
internal  rotor  Hamiltonian,  and  identification  of  several 
perturbations  and  their  likely  perturbers.  The  observed 
linewidths  are  about  15  MHz,  yielding  an  upper  limit 
to  any  intramolecular  vibrational  relaxation  rate. 
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High  resolution  and  low  temperature  experimental  con- 
ditions allowed  us  to  carry  out  the  rotational  analysis 
of  the  nu(15)  fundamental  band  of  acetaldehyde,  ob- 
served around  150/cm.  Some  1,000  lines  of  A  and  E 
types  have  been  assigned  to  the  main  band  and  some 
90  A-type  lines  have  been  identified  in  the  first  over- 
tone of  the  torsion  mode.  A  simultaneous  fit,  using  the 
non  rigid  internal  axis  method,  of  a  very  severely  se- 
lected set  of  unblended  FIR  data,  together  with  micro- 
wave data  published  in  the  literature,  allowed  us  to  ob- 
tain accurate  molecular  parameters  describing  internal 
and  overall  rotation  in  acetaldehyde.  In  particular,  the 
Fourier  coefficients  V(3)  and  V(6)  of  the  barrier  for  in- 
ternal rotation  as  well  as  the  rotationless  origins  of  the 
nu(15)  fundamental  band  and  its  first  overtone  were 
determined  with  improved  accuracy,  compared  to  the 
data  previously  available  in  the  literature.  Some  dif- 
ficulties in  treating  v(t)=1  microwave  data  lead  us  to 
suspect  problems  in  the  theoretical  model  adopted  or 
in  the  present  v(t)=1  microwave  data  set. 
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A  study  was  made  of  the  effects  of  material  and  geo- 
metric properties  of  ultrafiltration  (UF)  membranes  on 
flux  decline  due  to  concentration-polarization  (osmotic 
pressure)  and  adsorption  (fouling)  resistances.  UF  ex- 
periments with  solutions  of  beta-lactoglobulin  and  bo- 
vine serum  albumin  on  commercial  membranes  of 
poly(vinylpyrrolidone)-coated  polycarbonate  (PC)  and 
regenerated  cellulose  (RC)  were  carried  out.  A  three- 
stage  experimental  strategy  based  on  an  osmotic  pres- 
sure-adsorption model  was  used  to  separately  deter- 
mine the  effective  hydraulic  membrane  resistance,  os- 
motic pressure,  and  fouling  resistance.  By  a  normaliza- 
tion procedure,  the  performance  of  membranes  with 
varying  material  and  geometric  characteristics  could 
be  compared  and  evaluated  in  terms  of  the  extent  of 
flux  reduction  individually  due  to  concentration-polar- 
ization and  fouling.  Under  all  the  conditions  studied, 
the  total  flux  reduction  for  the  PC  membrane  was  main- 


ly controlled  by  the  fouling  resistance  and  for  the  RC 
membrane  by  the  osmotic  pressure  build-up  due  to 
concentration-polarization.  The  effect  of  bulk  protein 
concentration,  transmembrane  pressure,  crossflow  ve- 
locity, pH,  and  NaCI  concentration  on  the  individual, 
relative  contributions  to  flux  reduction  by  osmotic  pres- 
sure and  fouling  were  found  to  depend  on  membrane 
material  properties. 
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The  mechanisms  of  membrane  fouling  and  the  effects 
of  properties  and  structure  of  the  adsorbed-protein 
layer  on  membrane  fouling  were  studied  using  bovine 
serum  albumin  (BSA)  and  beta-lactoglobulin  (beta-LG) 
as  test  proteins,  and  poly(vinylpyrrolidone)-coated 
polycarbonate  (PC)  and  regenerated  cellulose  (RC)  as 
membranes.  Ultrafiltration  (UF)  experiments  were 
modeled  with  a  3-parameter  resistance  model  to  sepa- 
rately determine  resistances  due  to  osmotic  pressure 
and  adsorption.  An  analytical  method  was  also  devel- 
oped to  determine  protein  loadings  under  UF  and  static 
conditions.  The  dynamic  behavior  of  osmotic  pressure 
or  interfacial  concentration  is  discussed  on  the  basis 
of  the  material  balance  around  the  interface. 
Derjaguin-Landau  and  Verwey-Overbeek  (DLVO)  the- 
ory and  the  concept  of  a  rate-limiting  step  are  applied 
to  phenomena  that  occur  at  the  interface  during  protein 
adsorption.  A  steric  hindrance  repulsion  due  to  PVP 
tails  on  the  PC  membrane  has  a  pronounced  effect  on 
protein  loading.  The  hydrophilic  matrix  of  RC  may  act 
as  a  water  reservoir  that  maintains  continuous  hydra- 
tion of  the  adsorbed  layer,  which  can  be  dehydrated 
during  protein  adsorption.  We  believe  that  hydration  re- 
sults in  a  lower  fouling  resistance.  Additionally,  the  size 
of  the  pores  relative  to  the  protein  molecule  has  a  pro- 
nounced effect  on  the  properties  and  structure  of  the 
adsorbed  layer  and  its  fouling  resistance. 
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We  report  ab  initio  calculations  on  a  cluster  model  for 
the  active  site  of  the  enzyme  carbonic  anhydrase 
which  also  considers  the  effect  of  the  ionicity  of  the  site 
on  the  energetics  of  ligand  binding  and  reaction  behav- 
ior. Hydrolysis  occurs  by  a  direct  attachment  of  the  Zn- 
bound  hydroxyl  oxygen  on  the  carbon  atom  of  C02 
with  a  small  activation  energy.  The  final  product  state 
in  the  cluster  model  has  bicarbonate  bound  by  one 
short  and  one  long  metal  to  oxygen  bond.  Detailed 
mechanisms  for  the  initial  attachment  of  OH(1-)  on 
C02  and  proton  movement  out  to  the  free  oxygen  atom 
were  studied  by  locating  intermediates  and  transition 
states.  Two  mechanisms  for  rearrangement  of  bound 
bicarbonate  to  its  most  stable  form  are  found  to  have 
low  barriers.  The  first  involves  rocking  of  the  bicarbon- 
ate from  the  initial  intermediate.  The  second  accom- 
plishes this  shift  by  a  cycle  exchange  of  protons  with 
a  hydrogen-bound  water  or  Thr-119.  Both  pathways 
with  a  small  barrier  may  be  required  to  explain  (18)0 
exchange  experiments. 
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A  hybrid  model  is  used  to  calculate  the  dipole  moments 
of  rare  gas  dimers  and  trimers.  The  exchange  and  po- 
larization interactions  are  obtained  with  a  single-con- 
figuration self-consistent-field  (SCF)  calculation  and 
the  dispersion  contribution  to  the  dipole  obtained  by 
perturbation  theory.  The  SCF  dipoles  for  the  trimers 
are  found  to  compare  well  with  values  modeled  by  an 
exchange  quadrupole  induced  dipole  mechanism.  The 
dispersion  dipole  for  the  ArKr  dimer  is  found  to  be  sig- 
nificant compared  to  the  exchange  contribution  even 
to  the  region  of  the;  equilibrium  separation.  Values  of 
the  B  hyperpolarizability  are  evaluated  for  Ne,  Ar,  Kr, 
and  Xe  which  allow  the  perturbation  calculation  of  the 
dispersion  dipole  for  any  pairs  of  rare  gas  atoms. 
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Ab  initio  molecular  orbital  calculations  of  the  binding 
energy  of  metal  cations  to  octahedral  clusters  of  water, 
formamide,  and  formate  ligands  are  used  to  analyze 
Ca  binding  sites  in  proteins.  The  intrinsic  energetics  of 
the  first  coordination  shall  provide  a  basis  for  evaluat- 
ing the  conformation  behavior  and  the  selectivity  of 
cation  binding..  The  enthalpies  of  binding  are  modeled 
by  estimating  the  environmental  polarization  energy 
relative  to  the  model  cluster  of  the  first  shell.  Cluster 
reaction  enthalpies  are  calculated  for  transferring  Mg, 
Ca,  and  Na  cations  from  a  water  cluster  to  the  protein 
model  cluster  as  a  function  of  cluster  size  which  is 
found  to  strongly  affect  cation  binding  selectivity  be- 
tween cations  of  the  same  and  different  charges.  The 
selectivity  is  a  function  of  both  steric  and  electrostatic 
interactions.  As  is  well  known,  selectivity  between 
cations  of  the  same  charge  is  dependent  on  steric  fac- 
tors but  there  is  also  an  electrostatic  component  inde- 
pendent of  steric  influences  which  is  selective  between 
cations  of  different  charge.  The  data  is  applied  to  an 
analysis  of  the  binding  sites  in  the  protein,  Subtilisin 
BPN'. 
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The  binding  of  Cs  atoms  to  cluster  models  of  the  (110) 
surface  of  GaAs  is  examined  for  the  polarization, 
charge  transfer,  and  dispersion  interactions.  Single- 
configuration  self-consistent-field  binding  energies  to 
GaAs  per  Cs  atom  for  two  or  three  Cs  atom  clusters 
are  calculated  to  be  less  than  0.1  eV.  Orbital  and  total 
charge  density  plots  exhibit  a  polarized  alkali  valence 
charge  weakly  bound  between  the  alkali  atoms  and  to 
the  Ga  atom.  A  London  analysis  of  the  correlation  en- 
ergy between  the  Cs  and  GaAs  clusters  or  van  der 
Waals  interaction  energy  finds  it  is  large  compared  to 
the.1  difference  in  binding  energies  between  gas-phase 
or  polyhedral  clusters  and  the  quasi-linear  clusters  that 
are  experimentally  observed  on  the  GaAs  surface.  The 
large  VDW  energy  is  due  to  the  large  polarizabilities 
for  quasi-linear  chains  of  Cs  atoms  those  longitudinal 
component  increases  approximately  with  the  square  of 
the  chain  length. 
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Fourier-transform  interferometer  and  difference-fre- 
quency laser  spectra  of  acetylene  have  been  recorded 
in  the  2.5  and  3.0  micrometer  regions,  yielding  im- 
proved rotation-vibration  constants  for  the 
nu2+nu4+nu5,  for  their  associated  hot  bands  originat- 
ing in  the  nu4  and  nu5  bends,  and  for  the  C-H  stretch- 
bend  combination  bands.  An  analysis  of  the  Fermi  res- 
onance gives  more  reliable  estimates  for  the 
deperturbed  constants  and  the  anharmonic  coupling. 
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Measurements  of  ion-velocity  distributions  of  CO(1+) 
in  a  He  buffer  gas  are  presented  as  a  function  of  an 
applied  electric  field.  The  distributions  are;  obtained  by 
single  frequency,  laser-induced  fluorescence  from  var- 
ious initial  rotational  states  with  the  laser  beam  propa- 
gating parallel  and  perpendicular  to  the  drift  velocity 
vector.  All  distributions  are  well  represented  by  a 
Maxwellian  for  the  observed  E/N  range  of  0-13  Td. 
From  the  width  of  the  Doppler  profiles,  translational 
'temperatures'  are  calculated,  which  are  compared  to 
simple  attractive  and  repulsive  Maxwell  models  as  a 
function  of  the  field.  The  measured  values  disagree 
with  the  predictions,  which  are  well  estaiolished  for 
atomic  ion  systems.  The  differences  are  discussed  in 
terms  of  rotationally  inelastic  energy  transfer  in  the  col- 
lisions, which  is  predicted  by  kinetic  theory  models. 
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Autoionization  levels  belonging  to  configurations  of 
3p(6)  3dnl  are  being  studied  as  part  of  an  effort  to  find 
efficient  ionization  pathways  applicable  to 
ultrasensitive  isotopic  analysis  and  laser  isotope  sepa- 
ration. The  studies  are  performed  in  a  RIMS  (Reso- 
nance Ionization  Mass  Spectroscopy)  apparatus  with 
a  time-of-flight  mass  spectrometer  and  simple  thermal 
filament  atomization  source.  Estimates  of  two-photon 
transition  rates  and  excited  state  photoionization  cross 
sections  show  that  the  4s(2)  singlet  S(0)->->3c15x 
singlet  D(2)->3d7p  singlet  P(1)  (autoionizing)  ioniza- 
tion pathway  might  be  efficient  enough  to  allow  effec- 
tive isoptically  selective  ionization  with  cw  Tksapphire 
lasers. 
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The  perturbed  (nu,b,k,n)=(1210),(1 1 13)<-(0000)  band 
of  ArHF  is  observed  in  a  tunable  laser/slit  supersonic 
expansion  spectrometer.  The  (1210)  level  correlates 
with  j=2  rotation  of  the  HF  within  the  complex  and 
therefore  provides  a  test  of  high-order  terms  in  a 
Legendre  expansion  of  the  intermolecular  potential. 
Transitions  to  (1113)  are  observed  due  to  intensity 
sharing  with  (1210),  induced  by  a  strong  homogeneous 
(J-independent)  perturbation  that  is  analyzed  quan- 
titatively. The  (1113)  level  has  three  quanta  of  Van  der 
Waals  stretch  and  thus  probes  the  radial  dependence 
of  the  potential  close  to  the  dissociation  limit.  The  vi- 
brational and  rotational  assignment  is  made  possible 
by  predictions  based  on  the  new  H6(4,3,2) 
intermolecular  potential  of  Hutson  (J.  Chem.  Phys.  96, 
6752  (1992)),  which  agree  nearly  quantitatively  with 
experiment. 
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Extended  scaling  or  the  Wegner  correction  has  been 
added  to  a  model  of  vapor-liquid  equilibrium  (VLE)  de- 
signed for  the  extended  critical  region.  The  model,  that 
of  Leung  and  Griffiths  as  modified  by  Moldover,  Rain- 
water and  co-workers,  has  heretofore  incorporated 
only  simple  scaling.  The  revised  formalism  has  been 
applied  to  the  abundant  data  on  carbon  dioxide  +  n- 
butane,  where  versions  of  the  model  with  and  without 
extended  scaling  have  been  optimized  by  the  simplex 
method.  With  extended  scaling,  the  average  thermo- 
dynamic 'distance'  between  a  measured  and  cal- 
culated dew  or  bubble  point  decreases  by  approxi- 
mately 30  percent. 

00,852 

PB94-216165       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSTL), 

Gaithersburg,  MD.  Surface  and  Microanalysis  Science 

Div. 

Structure  of  Molecules  on  Surfaces  as  Determined 
Using  Electron-Stimulated  Desorption. 

Final  rept. 

T.  E.  Madey,  S-  A.  Joyce,  and  A.  L.  Johnson.  1990, 
18p. 

Pub.  in  Interaction  of  Atoms  and  Molecules  with  Solid 
Surfaces,  Chapter  14,  p459-476  1990. 

Keywords:  "Surface  chemistry,  "Molecular  structure, 
Reprints,  Electron  stimulated  desorption. 

The  structure  of  molecules  on  surfaces  is  an  area  of 
great  importance  in  surface  science,  and  a  variety  of 
surface-sensitive  methods  have  been  applied  to  struc- 
tural problems.  Many  of  these  techniques  (including 
Angle  Resolved  Ultraviolet  Photoemission  Spectros- 
copy (ARUPS),  X-ray  absorption  near-edge  structure 
(XANES),  surface  extended  X-ray  absorption  fine 
structure  (EXAFS),  high-resolution  electron  energy 
loss  spectroscopy  (HREELS),  and  photoelectron  dif- 
fraction (PD))  are  discussed  in  other  chapters  in  this 
volume. 
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We  summarize  the  principles  and  mechanisms  of  DIET 
(desorption  induced  by  electronic  transitions)  with  em- 
phasis on  ESD  (electron  stimulated  desorption)  and 
PSD  (photon  stimulated  desorption).  We  describe  ap- 
plications of  ESDIAD  (electron  stimulated  desorption 
ion  angular  distributions)  to  surface  structure,  and  pro- 
vide examples  of  electron  beam  damage  at  surfaces. 
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Thermophysical  properties  data,  including  thermo- 
dynamic and  transport  properties,  are  fundamental  to 
the  clear  understanding  of  supercritical  fluid  processes 
and  technology.  Benchmark  experimental  measure- 
ments provide  the  best  check  of  theoretically-based 
predictive  models  for  the  thermophysical  properties  of 
supercritical  fluids,  including  C02  and  C02-rich  mix- 
tures. For  this  reason,  a  review  of  published  data  will 
be  given  herein.  Only  highly  accurate  thermophysical 
property  data,  capable  of  testing  predictive  models, 
has  been  considered  in  this  context. 
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Infrared  measurements  have  been  made  on  (34)S02 
between  450  and  600/cm  with  a  resolution  of  0.004/ 
cm.  The  B-type  bands  due  to  the  bending  transitions 
010-000  and  020-010  have  been  assigned  and  ana- 
lyzed. Revibrational  constants  are  given  that  fit  the  cur- 
rent measurements  and  the  pure  rotational  transitions 
reported  in  the  literature. 
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Fourier  transform  spectra  have  been  measured  for  the 
rotational  (Delta  v  =  0)  and  vibrational  (Delta  v  =  1) 
spectrum  of  lithium  hydride  and  lithium  deuteride  in  the 
gas    phase.    Dunham    potential    constants  and 
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rovibrational  constants  are  given  for  LiH  and  LiD.  Dif- 
ficulties were  encountered  in  attempts  to  fit  all  four  iso- 
topic  species  to  a  single  modified  Dunham  potential 
function.  Even  data  for  a  single  isotopic  species  could 
not  be  fit  to  a  Dunham  potential  function  without  signifi- 
cant systematic  deviations.  These  problems  are  attrib- 
uted to  break  down  in  the  Born-Oppenheimer  approxi- 
mation. 
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Self-broadening  coefficients,  pressure  shifts  and  inte- 
grated intensities  have  been  measured  for  Q-  and  R- 
branch  transitions  in  the  nu(1)  fundamental  band  of 
ammonia  using  a  difference-frequency  laser  spectrom- 
eter. A  strong,  systematic  J  and  K  dependence  of  the 
broadening  coefficients,  reminiscent  of  the  ground- 
state  inversion  transitions,  is  observed  and  compared 
with  semiclassical  line  broadening  calculations.  Dicke 
narrowing  is  evident  at  intermediate  pressures  for  the 
sharpest  lines,  primarily  the  R(J,  O)  transitions.  Incip- 
ient line  mixing  is  apparent  in  the  Q  branch  at  pres- 
sures above  about  0.1  bar. 
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This  is  a  news  item  to  announce  NIST  protocol  for  MS/ 
MS  measurements. 
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For  center-of-mass  collision  energies  E(cm)  =  1  -60  eV, 
the  major  fragment  ions  for  the  collision-activated 
dissociation  (CAD)  of  the  acetone  cation  are  the  acetyl 
cation  (m/z  43;  absolute  branching  ratios  of  0.96-0.60) 
and  the  methyl  cation  (m/z  15;  absolute  branching  ra- 
tios of  0.02-0.26);  the  absolute  total  cross-sections 
were  24-35  A(sup  2).  The  breakdown  curves  (viz,  plots 
of  the  absolute  branching  ratios  versus  E(cm))  show 
complex,  complementary  energy  dependences  for  pro- 
duction of  MeCO(1+)  and  Me(1+),  indicating  apparent 
closure  of  the  Me(1+)  channel  for  E(cm)  >  30  eV.  Our 
observations  are  consistent  with  a  competition  be- 
tween three  fast,  primary  (direct)  reactions,  each  of 
which  opens  sequentially  at  its  respective  threshold 
energy. 
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We  report  experimental  intrinsic  carbon  acidities  and 
theoretical  AM1  results  on  benzene  derivatives  and  ni- 
trogen heterocyclics.  When  benzene  and  pyridine  are 
compared,  in-ring  aza  substitution  increases  the  acid- 
ity, i.e.  decreases  the  acid  dissociation  energy  by  9.7 
kcal/mol.  Further  aza  substitution  in  1,2-  and  1,3-dia- 
zine  increases  the  acidity  by  an  additional  8.6  and  5.8 
kcal/mol,  respectively.  However,  in  1,4-diazine,  where 
the  deprotonated  carbon  must  be  adjacent  to  nitrogen, 
lone-pair  repulsion  decreases  the  acidity  below  pyri- 
dine. The  in-ring  aza-substitution  effects  are  quali- 
tatively similar  in  those  observed  in  azoles  by  Taft  et 
al.,  but  their  parameters  for  one-pair  repulsion  and 
electronegative  substituents  do  not  reproduce  the  ef- 
fects quantitatively.  The  electron-withdrawing 
substituents,  F,  CF3,  CN,  and  N02  also  increase  the 
acidity  of  benzene  by  13.5,  13.6,  17.5,  and  46.5  kcal/ 
mol,  and  CHCH2  increases  it  by  9.7  kcal/mol.  The  ef- 
fects of  F  and  CHCH2  demonstrate  that  the  ring  acidity 
is  affected  by  the  sigma  rather  than  pi  donating  or  with- 
drawing ability  of  substituents.  Ab  initio  calculations  at 
the  MP2=FC/6-31G(star)/  /RHF/6-31G  level  were  per- 
formed on  pyridine  and  diazines.  The  computed  ab 
initio  DPEs  were  consistently  higher  than  the  experi- 
mental values  by  about  22  kcal/mol.  Semiempirical 
computations  using  Dewar"s  AM1  method  for  1,4-dia- 
zine suggest  that  a  correction  of  1 1  kcal/mol  is  needed 
for  adjacent  lone-pair  repulsion.  With  this  correction, 
AM1  predicts  qualitatively  sensible  deprotonation  sites 
for  diazines  and  F-,  CN-,  CF3-,  and  CHCH2-sub- 
stituted  benzenes  and  reproduces  the  deprotonation 
energies  within  6  kcal/mol. 
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An  interlocking  ladder  of  relative  proton  affinities  (PA) 
of  43  compounds,  over  a  range  of  55  kcal/mol,  was 
obtained  from  the  temperature  dependence  of  proton 
transfer  equilibria.  From  C3H6  (PA=179.5  kcal/mol)  to 
i-C4H8  (PA-195.9  kcal/mol)  the  results  agree  well  with 
tabulated  values,  but  for  the  upper  PA  range  the 
present  values  are  increased  significantly.  For  exam- 
ple, the  present  vs.  literature  PA  values  are:  NH3, 
208.3  +  or  -  1  vs.  204.0;  CH3NH2;  219.6  vs.  214.1; 
I-C4H9NH2,  229.2  vs.  220.8  kcal/mol  (all  relative  val- 
ues +  or  -  1  kcal/mol,  related  to  PA(i-C4H8)  =  195.9 
kcal/mol).  The  new  value  for  the  latter  is  also  confirmed 
by  the  association  thermochemistry  of  t-C4H9(1+)  with 
NH3. 


00,862 

PB94-216751       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
High-Resolution  IR  Laser-Driven  Vibrational  Dy- 
namics in  Supersonic  Jets:  Weakly  Bound  Com- 
plexes and  Intramolecular  Energy  Flow. 
Final  rept. 

A.  Mcllroy,  and  D.  J.  Nesbitt.  1991,  29p. 
Grants  NSF-PHY86-04504,  NSF-CHE86-05970 
Sponsored  by  National  Science  Foundation,  Washing- 
ton, DC. 

Pub.  in  Advances  in  Molecular  Vibrations  and  Collision 
Dynamics,  v1  A  p1 09-1 37  1 991 . 


Keywords:  'Molecular  vibration,  'Complexes,  Van  der 
Waals  forces,  Infrared  spectroscopy,  Infrared  absorp- 
tion, Molecular  dynamics,  Line  broadening,  Excited 
states,  High  resolution,  Predissociation,  Reprints, 
Intermolecular  potentials,  Supersonic  expansion. 

The  combination  of  low  temperatures  from  supersonic 
jet  expansions  and  high-resolution  laser  IR  absorption 
methods  provides  a  nearly  ideal  probe  of  quantum 
state  resolved  unimolecular  dynamics  in  vibrationally 
excited  molecules  under  collision-free  conditions.  In 
this  paper  we  present  three  classes  of  examples  of 
such  studies  from  our  laboratory.  (1)  First,  we  discuss 
how  precise  (<  10(sup  -4)/cm)  rotation-vibration  spec- 
troscopy can  be  used  to  obtain  intermolecular  poten- 
tials for  weakly  bound  complexes.  (2)  Next  we  analyze 
data  on  van  der  Waals  systems  where  the  internal  vi- 
brational energy  in  the  complex  is  sufficient  to 
photofragment  the  weak  bond  and  thereby  lead  to 
predissociative  line  broadening  in  the  spectra.  (3)  Fi- 
nally, we  consider  vibrational  dynamics  in  the  limit  of 
chemically  bound,  stable  molecules  such  as  terminal 
acetylenes,  where  excess  fine  structure  in  a  high-reso- 
lution spectrum  can  be  used  to  infer  rates  of 
intramolecular  energy  flow. 
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New  isotope  abundance  and  relative  atomic  mass 
(atomic  weight)  values-with  low,  hitherto  unattained 
uncertainty-are  reported  for  two  previously  described 
silicon  reference  materials  using  a  well-known  method 
with  an  improved  isotope-ratio  mass  spectrometer. 
These  new  values  are  directly  traceable  to  the  SI,  more 
specifically  to  the  unit  for  amount  of  substance,  the 
mole,  and  independent  of  the  SI  unit  of  mass  and  of 
the  Avogadro  constant.  Besides,  the  residual  mass- 
spectrometric  uncertainties,  these  new  values  depend 
in  effect  only  on  a  recently  published  direct  comparison 
of  the  cyclotron  frequency  in  a  Penning  trap  of 
(28)Si(+1)  with  that  of  (12)C(1+). 
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Radiolytically  prepared  iridium  oxide  (lrOx.nH20)  clus- 
ters have  been  shown  to  catalyze  the  photochemical 
oxidation  of  water.  These  catalysts  have  been  oxidized 
by  radiolytic  or  electrochemical  methods  and  the 
changes  in  their  optical  absorption  and  redox  state 
have  been  studied.  The  clusters  contain  4-5  Ir  atoms 
in  a  mixture  of  Ir(lll)  and  Ir(IV)  states,  formally  de- 
scribed as  lr(3.2+).  Time-resolved  pulse  radiolytic 
studies  revealed  three  processes  in  the  sub-second 
time-scale.  The  same  species  were  observed  in 
gamma-radiolysis  and  in  spectroelectrochemical  ex- 
periments. Further  oxidation  of  the  cluster  leads  to  oxi- 
dation of  water  to  02.  The  kinetics  of  all  the  above 
processes  are  pH  dependent  and  involve  acid-base 
equilibria  in  the  various  oxidation  states. 
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The  oxidation  of  several  nickel(ll)  porphyrins  by  var- 
ious radicals  has  been  studied  by  pulse  radiolysis  in 
different  media.  Photochemical  oxidation  was  also  ex- 
amined in  some  cases.  The  absorption  spectrum  of  the 
oxidation  product  was  monitored  within  several 
microseconds  after  the  pulse.  Two  types  of  differential 
spectra  were  observed,  a  broad  absorption  at  640-700 
nm  ascribed  to  the  pi-radical  cation,  or  a  sharp  absorp- 
tion at  560-580  nm  ascribed  to  nickel(lll)  porphyrin. 
Ni(ll)TPP  (tetraphenylporphyrin)  in  several  organic  sol- 
vents, protic  and  aprotic,  was  oxidized  to  Ni(lll)TPP. 
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The  products  (Ni(ll)P)  have  been  examined  by 
radiolytic  reduction  in  protic  media  to  determine  wheth- 
er (Ni(l)P)  or  the  pi-radical  anion  Ni(ll)P(1-)  is  formed. 
Kinetic  spectrophotometry  detection  was  utilized  to 
record  absorption  spectra  of  products  immediately 
after  one-electron  reduction  and  gamma-radiolysis 
was  used  for  recording  the  spectra  of  the  stable  reduc- 
tion products.  The  initial  reduction  product  was  de- 
pendent on  the  nature  of  substituents  on  the  porphyrin 
but  not  on  the  redox  potential;  a  meso-4-pyridyl  group 
seems  to  direct  the  reduction  toward  the  porphyrin  ring 
whereas,  in  most  other  cases,  reduction  occurred  on 
the  metal.  On  longer  time-scales  (minutes)  all 
porphyrins  produced  the  two-electron  reduced  prod- 
ucts, chlorin  or  phlorin  anion. 
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Reduction  of  N2  to  NH3  was  investigated  by  radiolysis 
and  photolysis  in  N2-saturated  aqueous  solutions  con- 
taining colloidal  dispersions  of  Ru,  Pt,  or  Rh  stabilized 
either  by  neutral  (polyvinyl  alcohol),  PVA)  or  charged 
(polybrene,  PB.  or  polystyrene  sulfonate,  PSS)  poly- 
mers. The  yield  depends  on  the  irradiation  time,  colloid 
concentration,  type  of  reducing  radical,  and  pH.  At 
longer  irradiations  the  concentration  of  NH3  increased 
at  a  much  slower  rate  until  the  reaction  stopped.  The 
results  suggest  fast  and  efficient  reduction  of  any  N2 
that  is  pre-absorbed  at  highly  reactive,  possibly  metal 
oxide,  sites  on  the  surface  of  the  colloid. 
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Derviatives  of  TSPP  (tetrakis(4- 

sulfonatophenyl)porphyrin)  were  prepared  and  tested 
as  photosensitizers  for  oxidation  of  water  to  oxygen  on 
the  surface  of  colloidal  iridium  oxide.  Triplet  quantum 
yields,  energies,  and  lifetimes  were  measured  by  laser 
flash  photolysis.  Rate  constants  for  quenching  the  por- 
phyrin triplet  state  with  02  and  with  persulfate  ions 
were  also  determined.  The  rate  of  interaction  between 
the  porphyrin  radical  cations  and  colliodal  Ir02  particles 
were  measured  by  pulse  radiolysis  for  several  of  the 
compounds.  Illumination  of  a  porphyrin  in  the  presence 
of  sodium  perfusate  and  an  Ir02  colloid  resulted  in  gen- 
eration of  02  in  a  process  that  was  strongly  dependent 
upon  pH  and  upon  the  nature  of  the  photosensitizer 
in  the  same  manner  as  the  kinetics  determined  by 
pulse  radiolysis.  The  rate  of  02  production  under  any 
conditions  could  be  explained  on  the  basis  of  thermo- 
dynamic criteria  relating  to  either  of  the  individual 
quenching  or  water  oxidation  steps. 
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The  rotational  spectrum  of  the  NiH  radical  in  the  nu=0 
level  of  its  X(2)Delta  state  has  been  studied  by  laser 
magnetic  resonance  (LMR)  at  far-infrared  wave- 
lengths. Transitions  have  been  detected  for  all  5  iso- 
topes of  nickel  and  within  both  the  lower  ((sup2)Delta 
5/2)  and  upper  ((sup  2)Delta  3/2)  spin  components. 
Nuclear  hyperfine  splittings  for  both  the  proton  and 
(61  )Ni  (1=3/2)  are  observed.  The  effective  Zeeman 
Hamiltonian  for  a  molecule  in  a  (2s+1  )Delta  state  is  de- 
veloped and  used  to  fit  all  the  data  together  with  the 
similar  magnetic  resonance  observations  of  the  (1,0) 
vibration-rotation  band.  There  are  several  indications 
that  this  exercise  is  only  just  possible  in  the  case  of 
NiH  in  its  X(2)Delta  state. 


00,870 

PB95-107124       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Reactor  Radiation  Div. 

Crystal  Structure  of  a  New  Sodium  Zinc  Arsenate 

Phase  Solved  by  'Simulated  Annealing'. 

Final  rept. 

T.  M.  Nenoff,  W.  T.  A.  Harrison,  G.  D.  Stucky,  J.  M. 

Nicol,  and  J.  M.  Newsam.  1993,  5p. 

Sponsored  by  National  Science  Foundation,  Arlington, 

VA. 

Pub.  in  Zeolites  1 3,  p506-51 0  Sep/Oct  93. 

Keywords:  'Crystal  structure,  'Powder  metals,  'Phase 
studies,  Simulation,  Annealing,  Crystallography,  Neu- 
tron diffraction,  X-ray  diffraction,  Sodium  compounds, 
Zinc  compounds,  Reprints,  'Sodium  zinc  arsenate, 
Simulated  annealing,  Sodalite  analogs,  Rietvelt  profile 
refinement. 

The  framework  structure  of  a  new  sodium  zinc  arse- 
nate, produced  by  dehydration  of  the  Na6(ZnAs04)6 
8  H20  sodalite  analog,  has  been  solved  by  a  simulated 
annealing  method.  This  method  utilizes  typical  tetra- 


hedral-atom  bonding  schemes  with  possible  space 
group  and  unit  cell  dimensions  to  randomly  generate 
possible  continuous  frameworks  and  their  calculated 
energies.  The  Rietveld  refinement  of  the 
Na6(ZnAs04)6  solution  phase  was  initially  performed 
on  room  temperature  X-ray  data  and  then  continued 
on  low-temperature  constant  wavelength  neutron  data. 
The  sodium  zinc  phosphate  is  a  hexagonal 
polycrystallme  material.  The  tridymite  structural  analog 
undergoes  a  room-temperature  transformation  to  the 
open-framework  sodalite  structure. 
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State  resolved  vibrational  dynamics  in  weakly  bound 
complexes  is  investigated  via  high  resolution  IR  ab- 
sorption spectroscopy  in  a  slit  supersonic  jet  expan- 
sion. The  tunable  frequency  near  IR  source  can  readily 
excite  the  high  frequency  intramolecular  vibrations  of 
the  subunits,  as  well  as  the  low  frequency, 
intermolecular  vibrations  via  combination  band  exci- 
tations built  on  the  high  frequency  modes.  These  upper 
state  energies  lie  far  above  the  van  der  Waals  binding 
energy  limit,  and  yet  predissociate  typically  on  the  nsec 
time  scale  or  longer  (i.e.  many  millions  of  vibrational 
periods).  This  exceptional  metastability  in  such  small 
systems  is  highly  non-statistical,  and  proves  to  be  a 
rich  arena  of  vibrational  mode  mixing  and  mode-spe- 
cific predissociation  behavior.  The  authors  select  re- 
cent examples  from  their  group  effort  to  illustrate  these 
concepts. 
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Para  ArH20  complexes  are  detected  in  the  near  IR  via 
slit  jet  direct  absorption  spectroscopy  using  cw  dif- 
ference frequency  generation  of  high  resolution  tun- 
able infrared  radiation  (IR)  in  the  3780  cm(-1)V3=10 
asymmetric  OH  stretch  region.  Frequency  shifts  in  the 
f  parity  levels  (Q  branch),  and  both  frequency  shifts 
and  predissociation  broadened  linewidths  in  the  e  par- 
ity levels  (P/R  branch)  are  evidenced  in  the  spectrum, 
unambiguously  characteristic  of  an  avoided  crossing  in 
the  vicinity  of  J'=6  with  a  second,  near  resonant  vibra- 
tion-internal rotation  state  in  ArH20.  The  data  establish 
a  clear  upper  limit  on  the  dissociation  bond  strength 
for  para  ArH20,  and  place  spectroscopic  constraints 
on  the  promoting  internal  rotor  state  in  ArH20  (v1=1). 
A  simple  local  mode  theory  of  half-collision  induced 
mixing  between  symmetric  and  asymmetric  stretch  ex- 
citation in  H20  is  presented. 
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Absolute  rate  constants  for  the  reactions  of  substituted 
methylperoxyl  radicals  with  ascorbate,  urate,  trolox  (6- 
hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic 
acid),  and  TMPD  (N,N,N',N'-tetramethyl-p- 
phenylenediamine)  have  been  determined  by  pulse  ra- 
diolysis  in  different  solvents.  In  water-alcohol  or  water- 
dioxane  solutions  the  rate  constants  for 
trihalomethylperoxyl  radicals  generally  increase  with 
increasing  water  content.  The  rate  constants  were 
found  to  correlate  well  with  a  two-parameter  equation 
which  includes  the  dielectric  constant  of  the  solvent 
and  the  coordinate  covalency  parameter,  a  measure 
of  the  proton-transfer  basicity  of  the  solvent. 
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Inelastic  neutron  scattering  has  been  used  to  charac- 
terize the  vibrational  spectroscopy  below  220  meV  of 
para-nitroaniline  adsorbed  in  the  molecular  sieve 
ALPO-5.  Samples  at  loadings  of  both  3  and  13  weight 
%,  which  represent  the  onset  of  and  the  maximum  in 
the  nonlinear  optical  properties  respectively,  were 
studied.  The  torsional  vibration  of  the  amino  (NH2) 
group  has  been  identified  at  ca.  50  meV.  The  splitting 
and  structure  of  this  mode  is  sensitive  to  the  loading 
level.  This  can  be  related  to  differences  in  the  nature 
of  the  hydrogen  bonding  in  these  materials. 
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Theoretical  and  computer  simulation  studies  of  annihi- 
lation reactions  with  traps  on  two  and  in  three  dimen- 
sional lattice  systems  are  discussed.  Several  remark- 
able features  of  these  reactions,  some  predicted  by 
theory  and  others  observed  in  computer  simulations, 
are  pointed  out.  The  stretched  exponential  behavior  of 
the  Donsker-Varadhan  formula  A(t)  approximately 
equal  to  e  raised  to  the  -t(supd/(d  +  2))  power,  where 
d  is  the  dimensionality,  already  found  for  the  reactant 
decay  in  A-A  annihilation  reactions  with  traps  on  a 
square  lattice  (Rasaiah  et  al.  -  J.  Phys.  Chem.,  in 
press),  was  tested  for  universality  by  studying  tri- 
angular and  hexagonal  lattices  in  two  dimensions  (2d) 
and  a  cubic  lattice  in  three  dimensions  (3d).  The  same 
behavior  is  also  observed  when  the  free  particle  annihi- 
lation is  turned  off. 
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Self-,  N2-  and  Ar-broadening  coefficients  have  been 
measured  for  the  stretch-bend  infrared  combination 
bands  nu(sub  1)  +  nu(sub  2,  sup  1)  (4004/cm)  of  HCN 
and  nu(sub  1)  +  nu(sub  5,  sup  1)  (4091/cm)  of  C2H2 
using  a  tunable  difference-frequency  laser.  At  atmos- 
pheric pressures,  the  Q  branches  of  these  bands  ex- 
hibit significant  rotational  narrowing  or  line  mixing.  The 
broadening  coefficients  have  been  fit  with  empirical 
rotationally  inelastic  collision  rate  laws,  which  are  then 
used  to  model  the  line  mixing  in  the  overlapped  Q- 
branch  profiles.  Simple  energy  gap  fitting  laws  appear 
to  be  suitable  for  the  shorter-range  intermolecular 
quadrupole-quadrupole  and  induction  forces,  whereas 
an  energy-corrected-sudden  scaling  law  works  better 
for  the  longer-range  dipole-dipole  and  dipole- 
quadrupole  collision  partners.  In  all  cases,  the  line-cou- 
pling coefficients  are  substantially  reduced  from  the 
rotationally  inelastic  rates  fit  to  the  broadening  coeffi- 
cients, indicating  that  35-70%  of  the  broadening  may 
be  due  to  other  collisional  mechanisms  such  as  cross- 
relaxation  to  the  degenerate  (Pi)  state  vibrational  level. 
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The  Q-branch  profiles  of  the  nu(1)  +  nu(5),  nu(3)  + 
nu(4)  and  nu(2)  +  2nu(4)  +  nu(5)  ll(u)  -  Sigma(g)  com- 
bination bands  in  the  2.5  micrometer  C-H  stretch-bend 
region  of  acetylene  have  been  recorded  with  a  dif- 
ference-frequency laser  spectrometer  at  pressures 
from  1  to  500  Torr  (0.13  to  66.7  kPa).  The  broadening 
coefficients,  obtained  from  the  nu(1)  +  nu(5)  band  at 
pressures  low  enough  to  avoid  significant  spectral 
overlap,  can  be  well  fit  with  empirical  rotationally-in- 
elastic  energy-gas  scaling  laws  or  satisfactorily  mod- 
eled with  semiclassical  line  broadening  theory  using 
known  intermolecular  potential  parameters. 
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Alkanethiols  can  act  as  hydrophobic  monolayer  sub- 
strates for  the  formation  of  phospholipid-containing 
bilayers.  Phospholipid  vesicles  were  allowed  to  fuse  to 
alkanethiol  monolayers,  resulting  in  stable,  solvent- 
free  lipid  bilayers  on  gold  electrodes.  The  capacitance 
of  these  belayers  has  been  determined  by  impedance 
measurements,  and  the  effect  of  the  pore-forming 
peptide  melittin  on  the  bilayer  has  been  determined  by 
the  measurement  of  faradaic  current.  These  supported 
self-assembling  phospholipid/alkanethiol  bilayers  dem- 
onstrate properties  consistent  with  those  of  fluid  mem- 
branes, and  provide  a  useful  way  to  study  the  electrical 
characteristics  of  membranes  in  the  absence  of  sol- 
vent. 
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A  dynamic  model  is  presented  which  uses  a  mean  first 
passage  time  to  characterize  multivalent  binding  as  the 
continuum  limit  of  a  one-step  stochastic  process.  The 
use  of  a  stochastic  model  instead  of  a  model  based 
on  rate  equations  permits  consideration  of  fluctuations 
in  the  number  of  bonds  formed.  The  importance  of  fluc- 
tuations to  the  problem  of  multivalent  interactions,  es- 
pecially low  affinity  interactions,  is  discussed.  Assump- 
tions for  the  theory  are  based  on  data  in  which 
liposomes  were  used  as  a  model  system  for 
multivalency.  The  data  suggest  a  linear  sequential 
process  of  bond  rupture,  and  thus  a  high  degree  of 
cooperativity  in  the  microscopic  events  associated  with 
multivalent  liposomal  binding. 
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The  authors  have  recorded  the  351  nm  photoelectron 
spectra  of  Bi(-)2,  Bi(-)3,  and  Bi(-)4.  The  spectrum  of 
Bi(-)2  shows  transitions  to  at  least  seven  electronic 
states  of  Bi2  neutral,  four  of  which  are  observed  with 
vibrational  resolution.  Term  energies,  bond  lengths, 
and  vibrational  frequencies  are  obtained  for  the  anion 
ground  state  and  for  the  first  three  excited  states  of 
Bi2.  These  results  are  compared  to  previous 
spectroscopic  measurements  and  to  the  ab  initio  cal- 
culations presented  in  the  accompanying  paper.  The 
photoelectron  spectrum  of  Bi(-)3  reveals  some  of  the 
electronic  structure  of  Bi3  and  the  results  are  dis- 
cussed in  comparison  to  recent  theoretical  work.  Adia- 
batic  electron  affinities  are  obtained  for  Bi2  (1.271(8) 
eV)  and  for  Bi3  (1.60(3)  eV).  The  electron  affinity  of 
Bi4  is  estimated  from  the  onset  of  photodetachment  to 
be  1.05(10)  eV. 
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The  ASTM  Committee  E-42  on  Surface  Analysis  was 
formed  in  1 976  to  advance  the  field  of  surface  analysis 
and  the  quality  of  surface  analyses  through  the  devel- 
opment of  appropriate  standards  (reference  proce- 
dures, reference  materials  and  reference  data),  round 
robins,  symposia,  workshops  and  publications.  A  major 
function  of  the  Committee  is  the  development  of  docu- 
mentary standards  or  reference  procedures.  This  arti- 
cle contains  a  brief  summary  of  Committee  activities, 
with  emphasis  on  the  reference  procedures  that  have 
been  published  and  those  that  are  under  development. 
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Methods  for  constructing  everywhere-positive  elec- 
tron-density maps  with  Fourier  amplitudes  matching 
those  for  arbitrarily  large  sets  of  observed  data,  using 
dual-function  methods  for  maximization  of  entropy,  are 
described.  Possible  strategies  for  using  these  maps  for 
the  determination  and  extension  of  phases  in 
macromolecular  structure  determination  are  sug- 
gested, and  problems  are  discussed. 
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Vibrational  energy  transfer  in  S(1)  p-difluorobenzene 
has  been  studied  at  low  temperature  within  a  super- 
sonic free  jet.  Quantitative  relative  cross  sections  for 
the  state-to-state  vibrational  energy  transfer  channels 
(i.e.  flow  patterns)  from  the  8(sup  2)  vibrational  level 
(epsilon(vib)  =  346/cm)  were  obtained  for  low  energy 
collisions  (T  approx  =  20-35  K)  with  He  and  Ar.  They 
are  qualitatively  similar  to  analogous  flow  patterns  ob- 
tained earlier  from  the  0(sup  0)  level  from  room  tem- 
perature (300  K)  collisions  with  He  and  Ar.  Both  the 
300  K  and  the  low  temperature  flow  patterns  show  that 
the  vibrational  energy  transfer  is  selective  among  the 
possible  channels  and  that  the  competition  among  vi- 
brational channels  is  distinctive  for  each  collisional 
partner.  The  low  and  room  temperature  flow  patterns 
differ,  however,  in  quantitative  detail.  A  treatment  of  the 
standard  SSH-T  vibrational  energy  transfer  model  de- 
scribes semiquantitatively  the  flow  patterns  at  both  low 
and  room  temperature  and  for  collisions  with  He  and 
Ar.  The  success  of  a  single  model  suggests  that  vibra- 
tional energy  transfer  in  5(1 )  p-difluorobenzene  is  gov- 
erned by  the  same  mechanism  over  the  entire  span 
of  collision  energies  associated  with  temperatures  from 
about  20  to  300  K. 
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High-resolution  inverse  Raman  spectroscopy  (IRS) 
has  been  used  to  measure  the  self-broadening  coeffi- 
cients of  the  Raman  Q-branch  transitions  in  pure  (natu- 
ral) hydrogen.  Measurements  of  six  lines  (Q(0)-Q(5)) 
were  made  at  pressures  from  2  to  50  atmospheres  and 
from  295  to  1000  K.  The  dependence  of  the  derived 
broadening  coefficients  on  temperature  and  rotational 
quantum  number  is  analyzed  using  the  energy-cor- 
rected-sudden  scaling  law  (A.  E.  DePristo,  J.  Chem. 
Phys.  73,  2145  (1980)).  The  authors  discuss  three 
models  for  the  J-dependence  of  the  pure-vibrational 
dephasing  and  find  that  models  with  little  or  no  J-de- 
pendence in  the  pure-vibrational  dephasing  are  pre- 
ferred. 
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In  previous  applications  of  the  Leung-Griffiths  model 
as  modified  by  Moldover  and  Rainwater,  many  near- 
critical  vapor-liquid  equilibrium  surfaces  have  been  de- 
scribed successfully  in  the  space  of  pressure,  tempera- 
ture, density,  and  composition,  but  calorimetric  prop- 
erties such  as  entropy  and  enthalpy  have  not  been  ex- 
amined. Such  calculations  are  difficult  in  general  be- 
cause of  the  need  to  determine  a  parameter  that  is 
usually  unknown  in  the  definition  of  an  independent 
field  variable  (the  fugacity  fraction).  However,  a  gener- 
alization for  mixtures  of  the  Clapeyron  equation  is 
available  which  allows  for  the  calculation  of  differences 
in  entropy,  enthalpy,  and  free  energies  between  a  pair 
of  (noncoexisting)  dew  and  bubble  points  at  the  same 
temperature  and  composition.  A  calculation  of  entropy 
differences  from  a  correlation  of  carbon  dioxide  +  pro- 
pylene agrees  well  with  results  inferred  indirectly  from 
experimental  data.  As  a  more  direct  check,  calculation 
of  enthalpy  differences  from  a  correlation  of  n-pentane 
+  benzene  agrees  with  an  interpolation  of  enthalpy 
data  provided  by  calorimetric  measurements  of  Lenoir 
and  Hipkin.  The  generalized  Clapeyron  equation  ap- 
pears to  be  singular  at  the  maxcondentherm  point,  but 
it  is  shown  that  the  singular  terms  cancel  one  another 
and  that  the  leading-order  finite  term  is  consistent  with 
a  thermodynamic  Maxwell  relation. 
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Additional  experimental  uncertainty  is  introduced  in 
thermal  conductivity  data  obtained  with  the  transient 
hot-wire  technique  when  bare  hot  wires  are  used  in 
polar  liquids.  The  use  of  a  dc  polarization  voltage  ap- 
plied between  the  hot  wires  and  the  cell  wall  greatly 
reduces  this  uncertainty  for  polar  liquids.  Differences 
between  polarized  and  nonpolarized  experiments  are 
described  for  the  alternative  refrigerants  1,1,1,2- 
tetrafluoroethane  (R134a)  and  1-chloro-1,1- 
difluoroethane  (R142b).  Comparisons  are  made  be- 
tween data  from  the  polarized  transient  hot-wire  tech- 
nique and  other  experimental  techniques  for  R142b. 
The  polarization  technique  enables  existing  transient 
hot-wire  instruments  with  bare  wires  to  study  the  ther- 
mal conductivity  of  moderately  polar  liquids  with  con- 
fidence. 
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Using  high-resolution  infrared  spectra,  a  reanalysis  of 
the  nu(sub  2),  2nu(sub  2)-nu(sub  2),  nu(sub  1),  and 


nu(sub  3)  bands  of  (32)S(16)02  has  been  performed. 
These  infrared  data,  combined  with  the  available  het- 
erodyne and  microwave  data,  were  fitted  within  their 
respective  experimental  accuracies.  For  the  (010)  lev- 
els it  was  sufficient  to  use  a  Watson-type  Hamiltonian, 
whereas  it  proved  necessary  to  consider  explicitly 
interaction  terms  for  the  (020)(100)(001)  states.  More 
precisely,  a  (Delta)K  =  2  quadratic  distortion-correction 
to  the  Fermi  interaction  term  was  used  to  treat  the 
interactions  between  (020)  and  (100)  and  a  (Delta)K 
=  3  Coriolis-type  term  to  treat  the  interactions  between 
(100)  and  (001). 
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Spectra  have  been  obtained  between  700  and  8000/ 
cm  for  H2(16)0,  and  between  700  and  5000/cm  for 
deuterium  and/or  oxygen-18-enriched  water,  trapped 
in  solid  neon  at  approximately  5  K.  Samples  with 
Ne.water  mole  ratios  between  400  and  6400  were 
studied.  As  in  the  heavier  rare-gas  solids,  isolated 
water  molecules  can  undergo  relatively  free  rotation  in 
solid  neon,  and  nuclear  spin  equilibration  is  slow.  The 
observed  spectra  can  be  explained  by  postulating  exci- 
tation from  the  two  lowest  rotational  levels  of  the  water 
molecule.  Absorptions  of  nonrotating  water  are  also 
present  in  the  spectrum.  The  matrix  shifts  for  water  iso- 
lated in  a  neon  matrix  are  much  smaller  than  those  re- 
ported for  water  in  matrices  of  the  heavier  rare  gases. 
Absorptions  contributed  by  the  H-  or  D-donor  moiety 
of  (H20)2,  (HDO)2,  and  (D20)2  have  also  been  identi- 
fied and  assigned. 
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When  a  Ne:H20  =  or  >  200  sample  is  codeposited  at 
approximately  5  K  with  a  beam  of  neon  atoms  that 
have  been  excited  in  a  microwave  discharge,  new  in- 
frared absorptions  appear  close  to  the  gas-phase  band 
centers  of  the  three  vibrational  fundamentals  of 
H20(1+).  Detailed  isotopic  substitution  studies  confirm 
this  assignment  and  provide  assignments  for  all  of  the 
vibrational  fundamentals  of  HDO(1+)  and  D20(1+). 
When  ions  are  present  in  the  neon  matrix,  rotation  of 
a  significant  fraction  of  the  water  molecules  is  inhibited. 
Electrons  produced  by  the  photodetachment  of  anions, 
which  must  be  present  to  maintain  overall  charge  neu- 
trality of  the  deposit,  accelerate  nuclear  spin  equilibra- 
tion of  water  in  the  matrix.  As  the  concentration  of 
H20(1+)  is  decreased  by  capture  of  the 
photodetached  electrons,  the  absorptions  assigned  to 
nonrotating  water  are  also  reduced  in  intensity.  The  na- 
ture of  the  other  ionic  species  which  may  be  present 
in  the  sample  is  considered. 
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Vibrational  Spectra  of  Molecular  Ions  Isolated  in 
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When  a  Ne:N02  or  a  Ne:NO:02  sample  is  codeposited 
at  approximately  5  K  with  a  beam  of  neon  atoms  that 
have  been  excited  in  a  microwave  discharge,  infrared 
absorptions  of  N02(1+),  N02(1-),  and  N03(1-)  ap- 
pear. Detailed  isotopic  substitution  studies  support  the 
assignment  of  prominent  absorptions  to  nu(sub  3)  of 
N02(1+)  and  N02(1-)  and  of  weak  to  moderately  in- 
tense absorptions  to  the  nu(sub  1)  +  nu(sub  3)  com- 
bination band  of  each  of  these  species.  When  the  con- 
tribution of  anharmonicity  is  considered,  the  positions 
of  the  N02(1+)  absorptions  are  in  satisfactory  agree- 
ment with  the  values  for  the  stretching  fundamentals 
obtained  in  a  recent  gas-phase  study  of  that  species. 
When  the  sample  is  exposed  to  240-420  nm  mercury- 
arc  radiation,  the  initially  present  absorptions  of 
N03(1-)  trapped  in  sites  with  a  small  residual  cation 
interaction  diminish  in  intensity,  and  the  unsplit  nu(sub 
3)(e')  absorption  of  isolated  N03(1  -)  grows.  The  mech- 
anism responsible  for  this  growth  in  the  absorption  of 
isolated  N03(1  -)  is  considered. 
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Our  recently  completed  wide-ranging  correlations  for 
the  thermophysical  properties  of  methane  and  ethane 
fluids  have  enabled  us  to  improve  the  extended  cor- 
responding states  calculations  for  the  properties  of  the 
binary  mixtures.  The  pure  fluid  equations  are  based  on 
the  analytic  Schmidt-Wagner  equation  of  state  and 
give  improved  results  in  the  general  region  of  the  criti- 
cal point.  We  use  these  pure  fluid  equations  (and  a  ref- 
erence fluid  for  which  an  equivalent  equation  is  known) 
to  calculate  properties  and  compare  with  experimental 
PVT  data,  isochoric  heat  capacities,  and  sound  speeds 
of  binary  mixtures  of  methane  and  ethane.  We  also  ex- 
amine the  properties  at  the  vapor-liquid  boundary  and 
compare  the  representation  from  the  classical  ex- 
tended corresponding  states  calculations  with  quan- 
tities derived  from  a  scaling  theory  model.  The  shape 
of  the  binary  mixture  phase  boundary  is  improved  with 
this  model,  however  our  new  representation  of  the  sin- 
gle phase  properties  provides  only  a  slight  improve- 
ment over  models  based  on  modified  Benedict-Webb- 
Rubin  pure  fluid  equations  of  state. 
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Gases  can  influence  the  conductance  of  tin  oxide  sen- 
sors by  a  variety  of  mechanisms.  In  general,  it  is  dif- 
ficult to  distinguish  between  different  sensing  mecha- 


nisms because  so  little  is  known  about  the  sensor  sur- 
face during  operation.  We  have  used  surface  analytical 
techniques  together  with  in  situ  gas  conductance  re- 
sponse measurements  to  study  gas  sensing  mecha- 
nisms on  well-characterized  Pd/Sn02(1 10)  model  sen- 
sor surfaces.  In  this  letter,  we  report  results  for  H2  and 
02  adsorption  and  coadsorption:  hydrogen  was  cho- 
sen because  of  its  importance  both  as  a  gas  to  be  mon- 
itored and  as  an  adsorption  product  of  hydrocarbons 
and  alcohols,  and  oxygen  because  it  is  nearly  always 
abundant  in  the  sensor  ambient  (often,  air). 
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Many  years  ago  spectroscopic  evidence  based  on  a 
single-electron  process,  namely,  field-emission  reso- 
nance tunneling,  was  reported  showing  the  electronic 
structure  of  single  atoms  adsorbed  on  metal  surfaces. 
Huge  enhancements  in  the  highly  collimated  tunneling 
current  through  the  virtual  states  of  the  adparticle 
made  the  single-atom  spectroscopy  feasible  when  the 
field-emission  spectrometer  was  operated  in  the 
'probe-hole  mode.'  A  related  effect  is  currently  popular 
in  today's  scanning  tunneling  microscopy  and  also  in 
nanometer-cluster  spectroscopy.  The  phenomenology 
and  theory  of  the  effect  is  presented,  and  the  current 
activity  is  considered  in  light  of  what  has  been  uncov- 
ered in  the  field-emission  work. 
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Dynamic  light  scattering  was  used  to  measure  enzy- 
matic activity  by  monitoring  the  rate  of  destabilization 
of  colloidal  particles  coated  with  proteins  or  carbo- 
hydrates. The  photon  autocorrelation  spectrum  was 
analyzed  using  a  cumulant  expansion  or  direct  inver- 
sion. In  all  cases,  the  measured  average  diffusion  coef- 
ficient and  the  standard  deviation  of  the  diffusion  coeffi- 
cient decreased  with  time.  A  kinetic  model  with  a  bi- 
modal  particle  distribution  function  was  used  to  rep- 
resent the  time  dependence  of  the  cumulants.  The 
cumulants  are  very  sensitive  to  the  details  of  the  par- 
ticle distribution. 
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The  transient  infrared  response  of  CO/Pt(111)  follow- 
ing picosecond  visible  excitation  is  reported.  A  spec- 
trally broad  decrease  in  reflectivity  correlates  with  heat- 


ing of  the  Pt  lattice,  and  an  observed  shift  in  the  CO(nu 
=  0  -->  1)  transition  is  interpreted  as  heating  of  the  60/ 
cm  in-plane  frustrated  translational  mode.  A  phenome- 
nological  three  temperature  model  that  assumes  the 
adsorbate  vibrational  temperature  exclusively  couples 
to  either  the  electronic  temperature  (with  a  time  con- 
stant tau(e))  or  to  the  lattice  temperature  (with  a  time 
constant  tau(lat))  describes  the  temporal  response  of 
the  adsorbate  vibrations.  The  lattice  phonon  tempera- 
ture and  measured  temperature  dependence  of  the  op- 
tical constants  predict  the  observed  spectrally  broad 
reflectivity  change.  Density  matrix  methods  model  the 
infrared  response  of  the  transiently  heated  molecule. 
Limits  of  tau(e)  =  2  plus  or  minus  1  ps  or  tau(lat)  < 
1  ps  are  established  by  comparison  of  predicted  spec- 
tra and  the  data. 
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Rotational  spectra  of  CH2CO-C2H2,  CD2CO-C2H2, 
CH2CO-C2HD,  and  CH2CO-C2D2  were  observed 
with  a  pulsed-beam  Fabry-Perot  cavity  Fourier-trans- 
form microwave  spectrometer.  The  b-type  transitions 
were  split  into  four  states  for  CH2CO-C2H2  and 
CD2CO-C2H2,  while  two  states  were  assigned  for 
CH2CO-C2HD  and  CH2CO-C2D2.  All  states  were  fit 
individually  to  a  quartic  Watson  Hamiltonian.  The  elec- 
tric dipole  moment  of  CH2CO-C2H2  was  measured. 
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The  Biological  Macromolecule  Crystallization 
Database  (BMCD)  contains  the  crystallization  condi- 
tions and  crystal  data  for  crystal  forms  of  all  classes 
of  biological  macromolecules  which  have  had  the  unit 
cell  dimensions  and  space  group  determined  by  single- 
crystal  x-ray  diffraction  analysis.  The  BMCD  provides 
a  menu  driven  interface  which  allows  searching  the 
data  for  a  value  or  a  range  of  values  for  any  of  nineteen 
different  parameters,  individually  or  in  any  combina- 
tion. The  results  of  a  search  may  be  displayed  or  print- 
ed in  a  variety  of  different  formats.  Besides  providing 
the  information  necessary  to  crystallize  a  particular 
macromolecule,  the  BMCD  may  be  utilized  to  design 
strategies  for  the  crystallization  of  molecules  which 
have  not  previously  been  crystallized.  Strategies  for 
the  crystallization  of  modified  (or  mutant)  biological 
macromolecules,  biological  macromolecules  which  are 
homologous  to  previously  crystallized 
macromolecules,  and  unique  biological 
macromolecules  which  have  not  been  previously  crys- 
tallized are  discussed. 
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Small  angle  neutron  scattering  has  been  used  to  char- 
acterize the  structure  of  linear  hydrocarbon  chains 
chemically  grafted  to  the  internal  pore  surfaces  of 
microporous  silica  particles.  The  aim  of  this  work  has 
been  to  relate  the  structure  of  the  bonded  adsorbate 
layers  in  these  particles  to  their  performance  in,  for  ex- 
ample, reverse-phase  liquid  chromatography.  By  filling 
the  pore  space  in  the  modified  silica  with  a  solution  that 
matches  the  scattering  density  of  the  silica  framework, 
the  scattering  from  the  adsorbate  layers  is  enhanced 
and  provides  a  sensitive  probe  of  the  effective  thick- 
ness, uniformity  and  degree  of  solvent  penetration  in 
the  layers.  Results  are  presented  for  both  monomeric 
and  polymeric  phases  of  alkyl  chains  ranging  from  C8 
to  C30  bonded  to  silica  particles  with  a  mean  pore  size 
of  100  nm. 
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The  vapor  pressure  of  1,1-dichloro-2,2,2- 
trifluoroethane  (R1 23)  has  been  measured  at  tempera- 
tures between  256.4  and  453.8  K  by  ebulliometric  and 
static  techniques.  These  results  have  been  combined 
to  obtain  a  correlation  for  the  vapor  pressure  from 
256.4  K  to  the  critical  temperature. 
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A  new  formulation  is  presented  of  the  refractive  index 
of  water  and  steam  over  large  ranges  of  temperature 
and  density,  and  in  the  visible,  infared  and  ultraviolet 
up  to  the  first  resonances.  The  formulation  makes  use 
of  the  fact  that  the  molar  refractivity  of  water  and 
steam,  at  constant  wavelength,  varies  no  more  than 
a  few  percent,  so  that  temperature  and  density  de- 
pendence require  very  few  adjustable  parameters.  The 
NBS/NRC  equation  is  used  to  convert  experimental 
pressures  to  temperatures.  It  is  demonstrated  that  the 
formulation,  in  conjunction  with  the  best  refractive 
index  data,  can  be  used  to  discriminate  between  var- 
ious highly  accurate  equations  of  state  for  water. 
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Measurements  of  the  ellipticity  and  reflectivity  of  liquid- 
liquid  interfaces  in  mixtures  near  their  consolute  points 
are  compared  with  theories  of  the  interface.  Both  sets 
of  measurements  yield  the  same  interracial  thickness 
within  experimental  error  when  scaled  appropriately  by 


theories  that  combine  both  the  density-profile  and  cap- 
illary-wave aspects  of  the  interface.  The  theories  cor- 
rectly predict  the  temperature  dependence  of  the  thick- 
ness, but  systematically  overestimate  the  thickness  it- 
self. When  the  few  comparable  data  for  pure  fluids  are 
scaled  to  the  same  theories,  they  show  an  unexpected 
temperature  dependence  of  the  thickness  which  is  not 
consistent  with  the  mixture  results. 
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We  measured  the  thicknesses  of  the  vapor-liquid  inter- 
faces near  the  critical  points  of  carbon  dioxide  (C02), 
sulfur  hexafluoride  (SF6),  and  trifluoromethane 
(CHF3),  using  ellipsometry.  The  data  (when  scaled  by 
the  refractive  index  difference  and  the  correlation 
length)  are  in  agreement  with  other  ellipticity  data  for 
binary  and  pseudobinary  mixtures  at  low  pressures. 
Fully  constrained  theories  of  the  interface  correctly  pre- 
dict the  temperature  dependence  and  scaling  of  the 
thickness  but  systematically  overestimate  the  thick- 
ness itself  by  15%-20%.  The  theory  can  be  brought 
into  agreement  with  experiment  when  an  intrinsic 
interfacial  stiffness  is  added  to  the  theory.  A  novel  fea- 
ture of  the  present  measurements  is  that  the  effects 
from  pressure-induced  window  strain  were  measured 
and  mitigated  by  using  a  cylindrically-symmetric  pres- 
sure cell  with  floating  seals. 
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Rotational  dissipation  in  a  low-pressure  pneumatic 
dead  weight  piston  gauge  has  been  measured  for  four 
gases:  He,  H2,  N2  and  SF6.  Significant  differences  in 
the  rotational  dissipation  were  observed  between  the 
four  gas  species.  Even  larger  differences  were  ob- 
served between  two  operational  modes  (gauge  and 
absolute).  The  measured  results  are  interpreted  by  a 
model  for  the  rotational  dissipation  due  to  the  gas  in 
the  annular  region  between  the  piston  and  cylinder. 
Good  agreement  was  found  between  the  measured 
and  modeled  results  for  all  four  gas  species  with  es- 
sentially no  adjustable  parameters. 
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The  Scanning  Tunneling  Microscope  (STM)  can  image 
gold  surfaces  covered  with  a  variety  of  liquids.  This 
paper  reviews  the  results  obtained  using  the  STM  to 
image  gold  surfaces  covered  with  liquid.  These  results 


include  the  creation  of  10  nm  structures,  images  of  the 
electrochemical  process  of  electroplating,  and  the  pro- 
duction of  atomically  flat  Au  (111)  surfaces.  We  con- 
clude that  in  the  future  STM  will  find  further  application 
in  the  area  of  nanostructure  fabrication  and  electro- 
chemistry. The  trend  in  the  field  is  toward  greater  con- 
trol of  the  electrochemical  environment. 
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The  flow  of  the  microemulsion  dioctylsulfosuccinate 
(AOT)/decane/water  through  0.1  and  1.0  micrometer 
diameter  pores  was  studied  for  water  droplet  volume 
fractions  ranging  from  0  to  0.5.  The  viscosity  of  these 
microemulsions,  as  measured  in  a  capillary  viscometer 
with  a  bore  of  approximately  1  mm  diameter,  exceeds 
by  as  much  as  a  factor  of  4  theoretical  predictions  of 
the  viscosity  of  suspensions  of  hard  or  liquid  spheres. 
If  droplet  clustering  causes  this  viscosity  enhance- 
ment, then  flow  of  the  microemulsions  through  pores 
with  diameter  small  compared  to  the  characteristic 
cluster  size  should  display  a  large  finite-size  effect.  The 
apparent  viscosity  of  the  microemulsions  in  pores  dif- 
fered from  the  viscosity  measured  in  the  capillary  vis- 
cometer by  less  than  40%  for  0.1  micrometer  diameter 
pores  and  by  less  than  8%  for  1 .0  micrometer  diameter 
pores.  These  differences  are  of  the  same  scale  as  esti- 
mates of  two  effects:  adsorption  of  droplets  on  the  pore 
wall  and  the  enhanced  flow  of  suspensions  near  a  wall. 
The  absence  of  larger  finite-size  effects  implies  that 
clustering  of  droplets  on  length  scales  of  0.1  microm- 
eter or  larger  does  not  contribute  substantially  to  the 
microemulsion  viscosity. 
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The  electric  charges  on  an  enzyme  may  move  con- 
comitantly with  a  conformational  change.  Such  an  en- 
zyme will  absorb  energy  from  an  oscillating  electric 
field.  If,  in  addition,  the  enzyme  has  a  larger  associa- 
tion constant  for  substrate  than  for  product,  as  is  often 
true,  it  can  use  this  energy  to  drive  the  catalyzed  reac- 
tion away  from  equilibrium.  Approximate  analytical  ex- 
pressions are  given  for  the  field-driven  flux,  electrical 
power  absorbed,  free-energy  produced  per  unit  time, 
thermodynamic  efficiency,  and  zero-flux  concentra- 
tions. The  field-driven  flux  is  written  as  a  generalized 
Michaelis-Menten  equation. 
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The  absolute  cross  sections  for  dissociative  electron 
attachment  to  the  molecules  S2F10S2OF10,  and 
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S2O2F10  were  measured  in  an  electron  transmission 
experiment.  The  corresponding  negative-ion  frag- 
ments were  identified  in  a  separate  mass  spectromet- 
ric  measurement.  For  S2F10,  the  attachment  of  ther- 
mal electrons  (energy  less  than  0.1  eV)  appears  to  re- 
sult primarily  in  the  formation  of  F(-)  and  SF5(-)  with 
possibly  a  small  fraction  of  SF4(-)  and  SF6(-).  The  ions 
F(-)  and  SF5(-)  are  also  produced  from  two  attachment 
resonances  at  electron  energies  of  about  4.5  and  9.5 
eV.  Both  S2OF10  and  S2O2F10  have  unusually  large 
dissociative  attachment  cross  sections  at  energies 
near  0.1  eV.  Electron  attachment  to  S2OF10  yields  pri- 
marily SOF5(-),  while  S2O2F10  yields  both  SF5(-)  and 
SOF5(-)  with  possible  minor  fractions  of  F(-)  and 
SOF3(-). 
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Fourier  Transform  Infrared  (FTIR)  spectra  of  the 
2nu(sub  1)  and  nu(sub  1)  +  nu(sub  3)  of  CI02  (OCIO) 
have  been  recorded  in  the  2000/cm  region,  with  an  in- 
strumental resolution  of  about  0.004/cm.  The  spectra 
have  been  analyzed  using  a  Hamiltonian  which  in- 
cludes spin-rotation  terms  to  provide  the  first  high-res- 
olution analysis  of  these  bands.  Around  1900  transi- 
tions of  (35)CI02  (plus  about  600  of  (37)CI02)  have 
been  assigned  in  2nu(sub  1),  and  1100  transitions  of 
(35)CI02  (plus  about  450  of  (37)CI02)  have  been  iden- 
tified in  nu(sub  1)  +  nu(sub  3).  By  making  use  of  all 
available  data,  accurate  band  centers,  rotational  con- 
stants, spin  rotational  constants,  and  a  number  of  the 
chi(sub  rs)  anharmonicity  constants  as  well  as  alpha 
and  gamma  parameters  have  been  obtained. 


00,909 

PB95-141040       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (PL), 

Gaithersburg,  MD.  Molecular  Physics  Div. 

Intensities  and  Dipole  Moment  Derivatives  of  the 

Fundamental  Bands  of  (35JCI02  and  an  Intensity 

Analysis  of  the  nu1  Band. 

Final  rept. 

J.  Ortigoso,  R.  Escribano,  J.  B.  Burkholder,  and  W. 
J.  Lafferty.  1992,  9p. 

Pub.  in  Jnl.  of  Molecular  Spectroscopy  156,  p89-97 
1992. 

Keywords:  'Chlorine  oxides,  'Infrared  spectra,  Dipole 
moments,  Band  spectra,  Luminous  intensity,  Bright- 
ness, Chlorine  35,  Dioxides,  Reprints,  Herman-Wallis 
factors. 

Integrated  band  intensities  of  all  the  fundamental 
bands  of  OCIO  as  well  as  the  2nu(sub  1 )  overtone  and 
the  nu(sub  1 )  +  nu(sub  3)  combination  band  have  been 
measured.  Dipole  moment  derivatives  with  respect  to 
the  normal  coordinates  have  been  derived  for  these 
bands.  For  the  nu(sub  1)  band  (35)CI02  individual  rel- 
ative lines  intensities  have  been  obtained  for  many 
high  K(sub  alpha)  (sup  r)R  branch  lines,  and  a  system- 
atic deviation  from  intensities  calculated  from  a  zero 
order  model,  in  which  rotation-vibration  interactions  are 
not  included,  has  been  found.  The  deviation  can  be  ex- 
plained with  the  use  of  a  transformed  dipole  moment 
operator.  We  have  compared  these  results  with  those 
obtained  using  an  expression  derived  by  Watson  for 
symmetric  tops. 
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Nitric  oxide  and  organic  peroxyl  radicals  are  key  reac- 
tive radicals  implicated  in  a  wide  range  of  biological 
processes.  We  have  measured  rate  constants  for  the 
reactions  of  several  organic  peroxyl  radicals  with  nitric 
oxide  in  aqueous  solution  and  found  that  they  are  all 
fast,  with  k  =  1-3  X  10(exp  9)  Umol/s.  The  reactions 
lead  to  the  formation  of  an  intermediate,  identified  as 
the  organic  peroxynitrite,  which  decayed  with  a  rate 
constant  of  k  =  0.1-0.3/s.  Possible  products  of  this 
decay  include  the  more  reactive  alkoxyl  and  nitrogen 
dioxide  free  radicals,  or  the  less  reactive  organic  ni- 
trate. In  alcoholic  solutions,  the  rate  constants  of  the 
initial  reactions  were  similar,  but  the  product  decay 
rates  were  about  200  times  faster.  Because  of  the 
ubiquity  of  both  nitric  oxide  and  organic  peroxyl  radi- 
cals, their  interaction  could  make  a  significant  contribu- 
tion to  many  physiological  processes. 
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Single  crystals  and  powder  samples  of  Ca4Bi6013 
have  been  synthesized  and  studied  by  x-ray  diffraction. 
This  compound  crystallizes  in  the  orthorhombic  space 
group  C2mm,  with  a=  5.9368(7),  b=  17.356(4),  c= 
7.206(4)A.  The  absence  of  a  center  of  symmetry  was 
confirmed  by  the  presence  of  a  second  harmonic  sig- 
nal some  60  times  that  observed  for  quartz.  A  weak 
superstructure  exists  along  c  due  to  alternation  of  oxy- 
gen and  vacancies  along  the  c-axial  direction.  The 
structure  consists  of  ribbons  of  edge-linked  BiOS 
square  pyramids  running  parallel  with  the  c-axis. 
These  chains  are  linked  via  a  3-coordinate  Bi  atom  to 
form  semicylinders  stacked  along  the  a-axial  direction. 
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The  recent  literature  abounds  with  proposed 
interatomic  potential  functions  for  argon.  Of  these  the 
Hartree-Fock  dispersion  (HFD)  type  functions  have 
been  very  successful  and  are  considered  to  be  among 
the  best  characterizations  of  the  argon  interaction  to 
date.  It  is  the  purpose  of  this  Letter,  however,  to  show 
that  of  the  proposed  HFD-type  potentials,  none  predict 
the  recent  acoustic  virial  coefficients  measured  by 
Moldover  et  al.  In  view  of  this,  an  alternative 
interatomic  potential  has  been  constructed  for  argon. 
The  potential  is  of  the  Hartree-Fock  dispersion  individ- 
ually damped  (HFD-ID)  type  and  represents  a  subtle 
but  significant  improvement  for  the  interaction. 
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Developments  in  time-resolved  measurements  of  en- 
ergy transfer  at  surfaces  are  reviewed.  Picosecond 
and  femtosecond  measurements  of  vibrational  and 
electronic  relaxation  at  surfaces  are  highlighted.  Ex- 
perimental results  for  vibrational  relaxation  of  simple 
adsorbates  on  metals,  semiconductors,  and  insulators 
are  reviewed,  and  relaxation  mechanisms  such  as 
electron-hole  pair  formation,  multiphonon  relaxation 
and  image  dipole  damping  are  considered.  Energy 
transfer  involving  excited  electronic  states  of  mol- 
ecules on  liquid  and  solid  dielectric  surfaces  and  the 
relaxation  of  surface  electronic  states  on  semiconduc- 
tors and  of  image  states  on  metal  surfaces  are  dis- 
cussed. 
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Modulated  differential  scanning  calorimetry  of 
sublimed  C(70)  shows  clear  evidence  for  four  first- 
order  transitions,  two  strong  and  two  weak,  which  we 
associate  with  the  two  different  molecular  rotational  de- 
grees of  freedom  in  majority  (equilibrium)  and  minority 
(metastable)  phases.  The  latter  correspond  to  the  two 
different  stacking  sequences  of  close-packed  layers, 
and  their  relative  contributions  of  the  thermal  data  cor- 
relate well  with  high-temperature  x-ray  powder-diffrac- 
tion results.  The  upper  of  the  thermal  data  correlate 
well  with  high-temperature  x-ray  powder-diffraction  re- 
sults. The  upper  (long  axis  tumbling)  transition  in  the 
majority  phase  exhibits  50  K  supercooling  when 
scanned  at  2  K/min.  C(60)  impurities  at  the  few  %  level 
depress  the  transition  temperatures  substantially. 
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Molecular  dynamics  simulations  of  supercooled  fluid 
mixtures  of  soft-spheres  and  of  Lennard-Jones  par- 
ticles have  revealed  the  existence  of  a  kinetic  transition 
that  occurs  above  the  glass  transition  temperature. 
This  transition  appears  to  be  thermodynamic  in  origin. 
It  is  associated  with  a  change  in  the  local  mobility  of 
the  particles.  The  basis  of  these  conclusions  is  dis- 
cussed. 
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1000,  KeV  range  1-10,  Inelastic  scattering,  Paraffins, 
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We  report  calculations  of  electron  inelastic  mean  free 
paths  (IMFPs)  of  50-2000  eV  electrons  for  a  group  of 
14  organic  compounds:  26-n-paraffin,  adenine,  beta- 
carotene,  bovine  plasma  albumin,  deoxyribonucleic 
acid,  diphenyl-hexatriene,  guanine,  kapton, 
polyacetylene,  poly(butene-l-sulfone),  polyethylene, 
polymethylmethacrylate,  polystyrene  and  poly(2- 
vinylpyridine).  The  computed  IMFPs  for  these  com- 
pounds showed  greater  similarities  in  magnitude  and 
in  the  dependences  on  electron  energy  than  was  found 
in  our  previous  calculations  for  groups  of  elements  and 
inorganic  compounds  (Papers  II  and  III  in  this  series). 
Comparison  of  the  IMFPs  for  the  organic  compounds 
with  values  obtained  from  our  predictive  IMFP  formula 
TPP-2  showed  systematic  differences  of  approx  40%. 
These  differences  are  due  to  the  extrapolation  of  TPP- 
2  from  the  regime  of  mainly  high-density  elements 
(from  which  it  had  been  developed  and  tested)  to  the 
low-density  materials  such  as  the  organic  compounds. 
We  analyzed  the  IMFP  data  for  the  groups  of  elements 
and  organic  compounds  together  and  derived  a  modi- 
fied empirical  expression  for  one  of  the  parameters  in 
our  predictive  IMFP  equation.  The  modified  equation, 
denoted  TPP-2M,  is  believed  to  be  satisfactory  for  esti- 
mating IMFPs  in  elements,  inorganic  compounds  and 
organic  compounds. 
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We  have  employed  neutron  reflectometry  to  study  the 
thickness  and  density  of  thin  oxide  films  of  Ti  in  contact 
with  electrolyte.  Such  films  play  an  important  role  in 
corrosion  resistance  and  surface  chemistry  in  aqueous 
environments.  We  compare  the  structures  of  such  ox- 
ides formed  by  either  ramping  the  potential  or  by  step 
polarization.  The  effect  of  subsequent  cathodic  bias  on 
the  films  is  explored,  and  the  time  evolution  of  the  hy- 
drogen content  in  the  oxide  and  metal  is  investigated. 
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A  method  is  proposed  to  measure  by  neutron  scatter- 
ing the  partial  scattered  intensities  from  a  suspension 
mixture  in  an  H20/D20  solvent  that  will  match  out  one 
of  the  components.  Total  and  partial  neutron-scattered 
intensities  from  an  aqueous  colloidal  suspension  mix- 
ture (volume  fraction  phi  =  0.15)  of  91  nm  polystyrene 
latex  and  54  nm  silica  particles  in  water  are  reported. 
Results  are  given  for  the  mixture  at  rest  and  under 
shear.  We  comment  on  the  standard  assumption  that 
structure  factors  of  components  in  a  mixture  should 
scale  with  the  particle  radii. 
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The  Fourier-transform  Fabry-Perot  pulsed-molecular- 
beam  microwave  spectrometer  at  NIST  has  been  used 
to  study  the  microwave  spectra  of  a  number  of  molecu- 
lar dimers  and  trimers  that  may  be  present  in  planetary 
atmospheres.  The  weak  van  der  Waals  bonds  associ- 
ated with  these  species  usually  give  rise  to  rotational- 
tunneling  splittings  in  the  microwave  spectra.  We  have 
used  the  microwave  spectrum  of  the  water  dimer  spe- 
cies to  illustrate  the  complications  that  can  arise  in  the 
study  of  the  rotational  spectra  of  these  loosely  bound 
species.  In  addition  to  the  water  dimer  species,  the 
microwave  spectra  of  the  following  hydrogen-bonded 
and  van  der  Waals  complexes  have  been  studied: 
(C02)2  H20,  C02  (H20)2,  C02  H2S,  N2  H20,  CO 
H20,  S02  H20,  and  03  H20. 
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We  present  high  resolution,  infrared  laser  absorption 
spectra  of  (DF)3  in  a  slit  supersonic  jet  expansion.  In 
contrast  to  previous  structureless  near  IR  spectra  of 
(HF)3,  the  (DF)3  data  reveal  clear  rotational  structure 
characteristic  of  a  cyclic,  6-membered  'ring,'  and  there- 
fore provide  the  first  accurate  experimental  evidence 
for  the  equilibrium  geometry  of  any  hydrogen  fluoride 
oligomer  beyond  the  well-studied  dimer.  Furthermore, 
the  spectra  display  homogeneous  rotational  fine  struc- 
ture 2-3  orders  of  magnitude  in  excess  of  what  could 
be  anticipated  from  a  single  vibrational  band.  Analysis 
of  this  fine  structure  elucidates  a  novel  IVR  mechanism 
which  involves  single  hydrogen  bond  cleavage,  and 
consequent  opening  of  the  (DF)3  ring  on  the  40  ps  time 
scale. 
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Quenching  rate  constants  for  spin-orbit  excited  Br* 
atoms  (doublet  P(1/2))  with  H20,  D20,  HDO,  and  02 
are  measured  at  300  K  using  a  two-laser  pump-probe 
technique.  The  rate  constants  and  error  bars  for  the 
water  species  are  given.  The  relative  rates  for  the 
water  species  are  in  qualitative  agreement  with  models 
for  electronic-to-vibrational  energy  transfer  based  upon 


dipole-quadrupole  coupling.  Quenching  of  Br*  by  oxy- 
gen is  found  to  be  extremely  inefficient,  which  is  in  dis- 
agreement with  previously  reported  results  by  four  or- 
ders of  magnitude. 
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We  have  made  additional  evaluations  of  the  electron 
inelastic  mean  free  paths  (IMFPs)  and  of  the  predictive 
IMFP  formula  TPP-2  presented  in  papers  II  and  III  of 
this  series.  Comparisons  have  been  made  with  other 
formulae  for  the  IMFPs  and  electron  attenuation 
lengths  (ALs).  We  find  substantial  differences  between 
our  IMFP  results  for  27  elements  and  15  inorganic 
compounds  and  the  AL  formulae  of  Seah  and  Dench; 
these  differences  include  different  dependences  on 
electron  energy  and  on  material  parameters.  We 
present  IMFP  calculations  for  AI203  and  GaAs  from 
TPP-2  in  which  each  parameter  of  the  formula  is  varied 
in  some  physically  reasonable  range  about  the  true 
value  for  each  compound;  these  results  show  the  sen- 
sitivity of  the  computed  IMFPs  to  the  choices  of  param- 
eter values.  Finally,  we  give  a  summary  of  sources  of 
uncertainty  in  the  IMFP  algorithm,  in  the  experimental 
optical  data  from  which  IMFPs  are  calculated,  and  of 
the  TPP-2  formula.  We  conclude  that  TPP-2  is  robust 
and  useful  for  predicting  IMFPs  for  electron  energies 
and  material  parameter  values  in  ranges  for  which  the 
formula  was  developed  and  tested. 
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The  interaction  between  evaporated  silver  and  self-as- 
sembled monolayers  of  octadecanethiol  (ODT)  on  gold 
was  studied  at  temperatures  of  300  and  90  K  using 
X-ray  photoelectron  spectroscopy  (XPS),  ultraviolet 
photoelectron  spectroscopy  (UPS),  and  ion  scattering 
spectroscopy  (ISS).  Equivalent  Ag  coverages  ranging 
from  submonolayers  to  multilayers  were  examined.  Ag 
deposited  at  300  K  penetrates  the  ODT  monolayer  and 
resides  at  the  ODT/gold  interface.  The  attenuation  be- 
havior of  the  XPS  C  1s  and  Au  4f  signals  reveals  that 
Ag  nucleates  as  clusters  underneath  the  ODT 
monolayer.  UPS  and  ISS  data  are  in  accord  with  XPS 
results  and,  furthermore,  indicate  that  the  deposited  Ag 
does  not  significantly  alter  the  ODT  monolayer  film 
structure.  In  contrast  to  the  behavior  observed  at  300 
K,  results  from  Ag  deposition  at  90  K  indicate  that  Ag 
forms  clusters  on  the  ODT  monolayer  surface.  In  this 
case  the  Ag  3d  core  level  exhibits  a  shift  to  higher  bind- 
ing energy  relative  to  that  of  metallic  silver  that  is  attrib- 
utable to  a  final  state  Coulombic  effect  characteristic 
of  metal  clusters  on  relatively  poorly  conducting  sub- 
strates. There  is  apparently  little  chemical  interaction 
between  Ag  and  the  hydrocarbon  chains  at  both  90 
and  300  K,  although  at  300  K  Ag  3d  XPS  data  suggest 
that  Ag  bonds  to  sulfur  head  groups.  The  low-tempera- 
ture Ag/ODT/Au  structure  is  apparently  a  metastable 
phase  because  warming  of  the  sample  to  room  tem- 
perature results  in  the  migration  of  the  Ag  to  the  ODT/ 
Au  interface  and  possibly  further  clustering. 
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A  method  of  photopatterning  alkylthiolate  self-assem- 
bled monolayers  (SAMs)  on  gold  and  silver  is  de- 
scribed. A  pattern  of  alkylsulfonates  is  first  formed  on 
the  alkylthiolate  SAMs  by  ultraviolet  (UV)  irradiation 
through  a  mask.  The  sample  is  then  immersed  in  a  di- 
lute solution  of  a  different  alkylthiol  and  the 
alkylsulfonates  in  the  exposed  areas  are  displaced  re- 
sulting in  the  incorporation  of  the  second  alkylthiol.  X- 
ray  photoelectron  spectroscopy  (XPS)  and  secondary 
ion  mass  spectrometry  (SIMS)  imaging  were  used  to 
characterize  the  UV-irradiated  and  exchanged 
monolayers.  XPS  spectra  of  the  S  2p  region  indicate 
the  formation  of  sulfonate  species  upon  UV  irradiation 
and  their  displacement  by  thiolates  following  immer- 
sion. SIMS  images  of  photopatterned  and  thiol-ex- 
changed  SAMs  confirm  the  existence  of  two  molecu- 
larly  distinct  assemblies  with  faithful  reproduction  of  the 
mask  pattern  and  resolution  of  features  as  small  as  15 
micrometers. 
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The  dynamics  of  the  transition  from  supercooled  liquid 
to  glass  is  examined  in  terms  of  several  probes:  ergod- 
ic measures,  self-diffusion  coefficients,  the  Van  Hove 
self-correlation  functions,  and  the  shear  viscosity.  Con- 
stant-pressure molecular-dynamics  calculations  at 
several  temperatures  are  performed  for  a  Lennard- 
Jones  mixture  and  binary  mixtures  of  soft  spheres.  The 
temperature  dependence  of  the  ergodicity  diffusion  pa- 
rameters for  both  systems  follow  the  Vogel-Fulcher 
law.  On  the  other  hand,  the  self-diffusion  coefficients 
exhibit  Arrhenius  behavior  for  the  soft-sphere  system, 
but  Vogel-Fulcher  behavior  for  the  Lennard-Jones  sys- 
tem. These  observations  suggest  that  loss  of  effective 
ergodicity  may  be  the  universal  feature  of  glass-form- 
ing substances.  Various  probes  of  the  dynamics  of  the 
mixtures  studied  here  suggest  that  the  mechanism  for 
mass  transport  dramatically  changes  from  a  simple  dif- 
fusive process  to  one  that  involves  activated  transi- 
tions. 
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Neutron  powder  diffraction  has  been  used  to  obtain  the 
thermal  parameters  for  the  deuterium  atoms  and  to 
confirm  the  crystal  structure  of  acetonitrile-d(3)  at  4  K. 
Inelastic  neutron  scattering  from  both  isotopic  species 
is  used  to  determine  the  energies  of  the  first  and  sec- 
ond rotational  levels  of  the  methyl  group.  These  four 


levels  are  reasonably  reproduced  by  a  threefold  poten- 
tial with  V(3)  =  1 25  meV.  The  activation  energy  derived 
from  this  potential  is  in  agreement  with  that  previously 
obtained  from  the  temperature  dependence  of  T(1)  in 
proton  magnetic  resonance  measurements. 
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CFCI2  and  CF2CI  radicals  were  observed  between 
365-410  nm  using  resonance  enhanced  multiphoton 
ionization  spectroscopy.  Both  spectra  were  generated 
by  two-photon  resonances  with  planar  3p  Rydberg 
states.  A  third  laser  photon  ionized  the  radicals.  The 
CF2CI  spectrum  displayed  a  vibrational  progression 
assigned  to  the  out-of-plane  bending  nu'(sub  4)  b(sub 
1 )  (OPLA)  mode  (omega'(sub  4)  =  745/cm)  and  a  origin 
at  406.2  nm  (nu(sub  0-0)  =  49,230/cm).  Assignments 
for  the  CFCI2  radical  included  the  nu'(sub  4)  b(sub  1) 
OPLA  (omega'fsub  4)  =  590/cm)  and  the  nu'(sub  2) 
a(sub  1)  CCI  symmetric  stretch  (omega'(sub  2)  = 
870(30)/cm)  modes.  An  observed  origin  was  assigned 
to  Iieat49,260/cm. 
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Tetralin  has  been  decomposed  in  single  pulse  shock 
tube  experiments  in  the  temperature  range  of  1,000- 
1,400  K.  The  initial  unimolecular  decomposition  chan- 
nels are  the  formation  of  benzocyclobutene  and  o- 
allytoluene.  Benzocyclobutene  decomposes  to  form 
styrene.  The  main  products  from  the  hydrogen  atom 
induced  decomposition  of  tetralin  are 
dihydronaphthalenes,  styrene,  indene  and  napthalene. 
Rate  constant  expressions  for  these  reactions  were 
determined.  Comparisons  are  made  with  published  re- 
sults from  the  laser  powered  pyrolysis  and  shock  tube 
studies,  and  it  is  concluded  that  in  both  cases  the  initial 
unimolecular  channels  are  accessed.  The  tempera- 
tures in  the  laser  experiments  are  at  least  as  high  as 
in  the  shock  tube  studies.  The  rate  expressions  for 
tetralin  decomposition  are  compatible  with  a  biradical 
mechanism  and  follow  the  general  patterns  for  related 
cyclic  compounds. 
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Hydrogen  atoms  from  the  thermal  decomposition  of 
2,3,3  trimethylbutanol-2  have  been  used  to  induce  the 
decomposition  of  isobutene  in  single  pulse  shock  tube 
experiments.  We  have  been  able  to  observe  products 
arising  from  all  of  the  high  temperature  reaction  chan- 
nels for  hydrogen  attack  on  isobutene.  The  following 
rate  expressions  have  been  determined:  k(H  + 
isobutene  ->  propylene  +  CH3)  =  1.72  x  10(exp  10) 
Exp(-1808/T)  l/mol-s  and  k(H  +  isobutene  ->  2-methyl- 
2-allyl  +  H2)  =  1.72  x  10(exp  11)  Exp(-4024AT)  l/mol- 
s  in  the  temperature  range  of  1 ,000-1 .180  K  and  at  2.5- 
3  atmospheres  of  pressure.  The  rate  constants  for  the 
abstraction  of  vinylic  hydrogens  are  not  more  than  8% 
of  that  for  abstraction  of  the  allylic  hydrogens.  Com- 
parisons are  made  with  rate  constants  of  similar  proc- 
esses involving  branched  aromatics  and  lower  tem- 
perature results  on  isobutene.  Interesting  correlations 
are  observed  and  lead  to  the  possibility  of  estimating 
rate  expressions  for  reactions  involving  other  olefins. 
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According  to  the  experimental  and  analytical  proce- 
dure proposed  by  Van  Poolen  and  Rainwater,  rectilin- 
ear diameters  based  on  measured  vapor-liquid  coex- 
istence densities  along  a  path  of  constant  overall  den- 
sity and  composition  have  been  determined  and  used 
to  obtain  critical  densities  of  the  binary  mixture  ethane 
+  n-butane.  Seven  experimental  runs  for  the  mixture 
were  made  at  compositions  ranging  from  21.65  to 
80.75  mol%  ethane.  The  procedure  has  been  explored 
as  a  new  way  to  determine  critical  densities  of  mix- 
tures. Results  are  compared  with  densities  generated 
from  a  modified  Leung-Griffiths  correlation  of  the  ex- 
tensive vapor-liquid  equilibrium  data  of  Kay.  The  criti- 
cal densities  obtained  are  in  agreement  with  the  cor- 
relation within  the  overall  uncertainty  of  the  method, 
thereby  verifying  the  proposed  technique. 
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We  have  used  a  comparative  ebulliometer  to  make  ac- 
curate measurements  of  the  vapor  pressure  of 
difluoromethane  (R32)  in  the  range  49-214  kPa,  which 
corresponds  to  temperatures  on  ITS-90  between  208 
and  237  K.  The  results  are  represented  with  an  Antoine 
equation  and  are  compared  with  literature  values.  We 
have  combined  our  results  with  literature  values,  and 
we  present  an  interpolating  equation  for  the  vapor 
pressure  at  temperatures  between  190  K  and  the  criti- 
cal temperature  (351.36  K).  We  also  tabulate  thermo- 
dynamic properties  for  R32  on  the  saturation  boundary 
between  200  and  250  K. 
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Rotationally  resolved  UV-spectra  are  presented  for  the 
6(sub  0,  sup  1)  bands  of  benzene-Kr  and  benzene-Xe 
complexes  yielding  precise  rotational  constants  and 
van  der  Waals  bond  lengths  for  the  ground  and  excited 
vibronic  state,  and  electronic  band  shifts.  These  values 
complement  the  previously  published  data  for  the  other 
rare  gases  and  the  various  quantities  have  now  been 
determined  for  all  the  benzene-rare  gas  complexes. 
Measured  values  of  the  bond  length  were  used  to  cal- 
culate the  band  shifts  from  recent  theoretical  pre- 
dictions. They  are  compared  with  the  experimental  val- 
ues of  this  work. 
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Quenching  and  rotational  coupling  rate  coefficients 
have  been  measured  for  the  J  =  4-10,  nu  =  O  levels 
of  the  a(double  prime)  singlet  Sigma(g)(1  +)  metastable 
state  of  N2  in  collisions  with  ground  state  N2.  Laser 
absorption  is  used  to  monitor  the  population  of  rota- 
tional levels  of  the  a(double  prime)  singlet 
Sigma(g)(1+)  state  following  depletion  of  the  popu- 
lation of  one  or  more  levels  by  optical  pumping  to  other 
states.  The  observed  time  dependence  of  the  recovery 
of  population  of  the  perturbed  level  and  the  collision 
induced  growth  and  decay  of  the  populations  of  adja- 
cent levels  are  interpreted  in  terms  of  quenching  to 
other  electronic  levels  and  excitation  exchange  among 
adjacent  rotational  levels. 
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The  photodissociation  of  H2S  in  the  195  nm  band  has 
been  extensively  investigated  in  the  last  decade.  Al- 
though the  major  part  of  the  experimental  data  indi- 
cates an  overall  dissociation  dynamics  similar  to  H20, 
pronounced  differences  have  been  noted.  The  central 
question  is  whether  H2S  dissociates  via  a  single  elec- 
tronic state,  like  H20,  or  if  two  states  are  involved.  This 
question  concerns  also  the  origin  of  the  very  diffuse 
vibrational  structure.  Using  the  CEPA  method  we  cal- 
culated the  potential  energies  of  the  two  lowest  excited 
singlet  states  for  a  fixed  bond  angle  of  92  deg.  In 
C(2nu)  symmetry  these  states  are  singlet  B(1)  and 
singlet  A(2). 
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We  present  studies  of  the  large  electroclinic  effect  ma- 
terial W317.  We  found  via  X-ray  scattering,  calorimetry 
and  optical  observation  that  quenching  from  the 
smectic  A  phase  results  in  several  higher  order  phases 
including  an  orthogonal  (hexatic)  smectic  with  short 
range  in-layer  translational  order  and  no  interlayer 
order.  We  characterize  the  electroclinic  response  in  the 
quenched  phase,  and  determine  its  magnitude  and  re- 
sponse time  as  a  function  of  electric  field  amplitude 
and  temperature. 
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A  general  trend  of  phase  formation,  solid  solution  for- 
mation and  phase  relationship  is  found  to  be  correlated 
with  the  size  of  R  in  the  BaO-1/2R203-CuO  systems, 
where  R=lanthanides  and  yttrium.  There  is  a  progres- 
sive change  in  the  phase  relationship  and  appearance 
of  these  ternary  diagrams  in  the  CuO  rich  region,  from 
the  La  through  the  Nd,  Sm,  Eu,  Gd,  Y  to  the  Er  system, 
with  samples  prepared  in  air  at  950  C.  Firstly,  the  La 
system  has  the  greatest  number  of  ternary  com- 
pounds. Secondly,  the  superconductor  materials, 
Ba2RCu30(6+x),  of  the  first  half  of  the  f-block  ele- 
ments, e.g.  R=La,  Nd,  Sm,  Eu  and  Gd,  which  are  rel- 
atively larger  in  size,  exhibit  solid  solution  of  Ba(2- 
z)R(1+z)Cu30(6+x)  with  range  of  formation  according 
to  the  size  of  R.  These  solutions  terminate  at  Gd,  after 
which  the  superconductor  phase  presumably  assumes 
a  point  stoichiometry.  Thirdly,  a  trend  regarding  the 
tieline  connection  between  the  phases  Ba(2- 
x)R(1+x)Cu30(6+x),  CuO,  BaR2Cu05  and  binary 
phase  R2Cu04/R2Cu2Q5  is  observed. 
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The  rovibrational  state  distribution  of  the  nascent 
NH2(A(tilde)  doublet  A(1))  fragments  generated  by 
193.3  nm  photodissociation  of  a  room  temperature 
sample  of  NH3  is  determined  through  an  analysis  of 


a  major  portion  (6000-13000/cm)  of  the  NH2(A(tilde) 
doublet  A(1)  -->  X(tilde)  doublet  B(1))  near  infrared 
emission  spectrum  obtained  by  time-resolved  Fourier 
transform  infrared  emission  spectroscopy.  The  essen- 
tial features  are  entirely  consistent  with  a  direct  carry 
over,  into  the  fragment,  of  the  out-of-plane  bending  vi- 
brational motion  introduced  in  the  parent  molecule  by 
the  photoexcitation  process. 
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We  report  turbidity  measurements  of  a  nonaqueous 
ionic  solution  of  triethyl  n-hexylammonium  triethyl  n- 
hexylboride  in  diphenyl  ether.  A  classical  susceptibility 
critical  exponent  gamma  =1.01  +  or  -  0.01  is  obtained 
over  the  reduced  temperature  range  10(exp  -4)  =  or 
<  t  =  or  <  1 0(exp  -1 ).  The  best  fits  of  the  sample  trans- 
mission had  a  standard  deviation  of  0.39%  over  this 
range.  Ising  and  spherical  model  critical  exponents  are 
firmly  excluded.  The  correlation  length  amplitude 
zeta(0)  from  fitting  is  1.0  +  or  -  0.2  nm  which  is  mi'ch 
larger  than  values  found  in  neutral  fluids  and  sc.rte 
aqueous  binary  mixtures. 
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Rate  constants  have  been  measured  for  the  reactions 
of  hydroxyl  radicals  with  the  three  dichloroethenes  over 
the  temperature  range  240  to  400  K  using  the  flash 
photolysis  resonance  fluorescence  technique.  The 
Arrhenius  equations  derived  from  the  data  are  given. 
There  was  no  apparent  effect  of  pressure  on  the  rate 
constant  for  the  reaction  of  OH  with  trans-1,2- 
dichloroethene  over  the  range  5  to  50  torr  (with  Ar). 
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Rate  constants  have  been  measured  for  the  gas  phase 
reactions  of  the  hydroxyl  radical  (OH)  with  the 
hydrochlorofluorocarbons  CF3CF2CHCI2  (HCFC- 
225ca)  over  the  temperature  range  270  to  400  K  and 
CF2CICF2CHCIF  (HCFC-225cb)  over  the  temperature 
range  298  to  400  K. 
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The  pure  rotational  spectrum  of  (13)CO  between  0.66 
and  3.3  THz  has  been  measured  with  a  tunable  far  in- 
frared spectrometer.  Revised  values  for  B(o),  D(o),  and 
H(o)  have  been  obtained  with  a  50  kHz  1  sigma  stand- 
ard deviation  of  the  fit.  Additional  measurements  were 
performed  with  a  Fourier  transform  spectrometer,  and 
a  1  MHz  (3.3  x  10(exp  -5)/cm)  measurement  accuracy 
is  demonstrated  with  this  device.  The  rotational  spec- 
trum from  J  double  prime  =  O  to  J  double  prime  =  30 
is  calculated  and  gives  the  frequencies  with  an  accu- 
racy (one  sigma)  of  better  than  1 20  kHz. 
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Microwave  and  submillimeter  transitions  for  Ar-NH3 
have  been  observed  and  assigned  for  the  two  Sigma 
and  two  Pi  states  correlating  asymptotically  with  Ar  + 
NH3  (j=1,  k=1).  The  Sigma  states  are  found  to  lie 
below  the  Pi  states  and  are  separated  by  approxi- 
mately the  inversion  splitting  of  free  NH3.  For  the  Pi 
states  the  NH3  inversion  tunneling  is  nearly  quenched, 
being  only  weakly  allowed  through  Coriolis  interactions 
with  the  nearby  Sigma  states.  The  observed  micro- 
wave and  submillimeter  spectra  also  allow  the  deter- 
mination of  (14)N  quadrupole  coupling  constants  and 
relative  submillimeter  absorption  intensities.  All  the 
above  results  are  interpreted  using  a  model  internal- 
rotation  inversion  Hamiltonian,  leading  to  detailed  in- 
formation about  the  anisotropy  of  the  intermolecular 
potential. 
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The  crystal  packing  interactions  of  two  crystal  forms 
of  bovine  ribonuclease  A  are  compared.  An  analysis 
of  the  crystal  packing  interactions,  including  solvent 
bridging,  indicates  that  the  high-alcohol  crystal  form  of 
ribonuclease  A  has  a  balance  of  hydrogen  bonding, 
electrostatic  and  van  der  Waals  interactions.  In  con- 
trast, the  high-salt  crystal  packing  forces  are  domi- 
nated by  van  der  Waals  interactions,  but  at  the  dimer 
interface  of  the  molecules  in  this  crystal  form  the  inter- 
actions have  a  large  electrostatic  component.  The 
electrostatic  interactions  of  the  dimer  may  be  due  to 
a  rearrangement  in  the  charge-charge  interactions  at 
the  active  site,  a  direct  result  of  the  presence  of  the 
inhibitor,  deoxythymidine,  covalently  bound  to  His  12. 
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A  unified  treatment  of  the  shape  of  pressure-broad- 
ened molecular  absorption  bands  from  near  resonance 
to  the  far  wings  is  achieved  by  an  approach  using 
memory  functions.  Empirical  models  for  these  func- 
tions are  employed  that  interpolate  between  known 
short  and  long  time  behavior.  This  treatment  includes 
the  following  band  shaping  mechanisms:  line  inter- 
ference, finite  duration  of  collision,  molecular  torques, 
and  detailed  balance.  Line  interference  can  produce  a 
very  sharp  decrease  in  absorption  in  the  periphery  of 
a  band,  e.g.,  as  in  the  nu(sub  3)  band  of  carbon  diox- 
ide. Absorption  in  the  far  wings,  which  in  this  band  ex- 
hibits a  much  less  rapid  decrease  with  increasing  fre- 
quency, is  attributed  to  the  effect  of  molecular  torques 
acting  during  collisions.  By  using  a  model  memory 
function,  a  simple  analytical  expression  is  obtained  for 
the  far  wing  absorption.  The  parameters  in  this  model 
are  related  to  known  molecular  quantities.  The  com- 
puted and  measured  far  wing  absorption  of  the  nu(sub 
3)  band  of  carbon  dioxide  broadened  by  argon  at  296 
K  and  61 3  K  are  compared. 


00,945 

PB95-1 52989       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL), 
Gaithersburg,  MD.  Radiometric  Physics  Div. 
Interatomic  Potential  of  Argon. 

Final  rept. 

S.  J.  Boyes.  1994,  6p. 

Pub.  in  Chemical  Physics  Letters  221,  p467-472  1994. 

Keywords:  'Argon,  Virial  coefficients,  Interatomic 
forces,  Reprints,  'Interatomic  potentials. 

The  recent  literature  abounds  with  proposed 
interatomic  potential  functions  for  argon.  Of  these  at 
Hartree-Fock  dispersion  (HFD)  type  functions  have 
been  very  successful  and  are  considered  to  be  among 
the  best  characterizations  of  the  argon  interaction  to 
date.  It  is  the  purpose  of  this  Letter,  however,  to  show 
that  of  the  proposed  HFD-type  potentials,  none  predict 
the  recent  acoustic  virial  coefficients  measured  by 
Moldover  et  al.  In  view  of  this,  an  alternative 
interatomic  potential  has  been  constructed  for  argon. 
The  potential  is  of  the  Hartree-Fock  dispersion  individ- 
ually damped  (HFD-ID)  type  and  represents  a  subtle 
but  significant  improvement  for  the  interaction. 

00,946 

PB95-153011       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (PL), 

Gaithersburg,  MD.  Molecular  Physics  Div. 

Product  State  Correlations  in  the  Reaction  of 

0((1)D)  and  H20  in  Bimolecular  Collisions  and  in 

03.H20  Clusters. 

Final  rept. 

M.  P.  Casassa,  D.  G.  Sauder,  and  D.  S.  King.  1993, 
7p. 

Sponsored  by  Air  Force  Office  of  Scientific  Research, 
Boiling  AFB,  DC. 

Pub.  in  Proceedings  of  Society  of  Photo-Optical  Instru- 
mentation Engineers:  Laser  Techniques  for  State-Se- 
lected and  State-to-State  Chemistry,  Los  Angeles, 
CA„  January  21  -23, 1 993,  v1 858  p256-262. 

Keywords:  'Molecular  collisions,  'Molecular  clusters, 
'Oxygen,  'Ozone,  'Water,  Hydroxyl  radicals,  Chemical 
reactions,  Oxygen  16,  Oxygen  18,  Reprints,  Trans- 
lations. 

Measurements  of  the  translational  energy  and  internal 
state  distributions  of  OH  products  produced  in  the  bi- 
molecular reaction  (16)0(singlet  D)  +  H2(18)0  --> 
(16)OH  +  (18)OH  are  reviewed.  These  detailed  meas- 
urements reveal  relationships  between  the  states  of 
geminate  fragments  produced  in  individual  reaction 
events.  Preliminary  measurements  on  the  same  reac- 
tion initiated  in  03  (dot)  H20  clusters  formed  in  free 
jet  expansions  are  reported.  The  dynamics  of  the  clus- 
ter reaction  are  dramatically  different  than  those  of  the 
bimolecular  reaction.  The  results  indicate  that  the  third 
body  present  in  the  cluster  (02),  carries  a  significant 
amount  of  the  energy  released  in  the  reaction. 
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Developments  in  time-resolved  measurements  of  en- 
ergy transfer  at  surfaces  are  reviewed.  Picosecond 
and  femtosecond  measurements  of  vibrational  and 
electronic  relaxation  at  surfaces  are  highlighted.  Ex- 
perimental results  for  vibrational  relaxation  of  simple 
adsorbates  on  metals,  semiconductors,  and  insulators 
are  reviewed,  and  relaxation  mechanisms  such  as 
electron-hole  pair  formation,  multiphonon  relaxation 
and  image  dipole  damping  are  considered.  Energy 
transfer  involving  excited  electronic  states  of  mol- 
ecules on  liquid  and  solid  dielectric  surfaces  and  the 
relaxation  of  surface  electronic  states  on  semiconduc- 
tors and  of  image  states  on  metal  surfaces  are  dis- 
cussed. 


00,948 

PB95-153201       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Reactor  Radiation  Div. 

Rotational  Dynamics  of  C60  in  Na2RbC60. 

Final  rept. 

C.  Christides,  K.  Prassides,  D.  A.  Neumann,  K. 
Tanigak,  I.  Hirosawa,  T.  W.  Ebbesen,  J.  R.  D. 
Copley,  and  J.  Mizuki.  1993,  6p. 
Pub.  in  Europhysics  Letters  24,  n9  p755-760  1993. 

Keywords:  'Buckminsterfullerene,  'Fullerenes,  Tem- 
perature range  0013-0065  K,  Temperature  range 
0065-0273  K,  Temperature  dependence,  Order-dis- 
order transformations,  Rubidium  compounds,  Sodium 
compounds,  Neutron  scattering,  Inelastic  scattering, 
Superconductors,  Reprints,  'Sodium  rubidium 
fullerides,  Rotational  dynamics. 

We  have  measured  the  low-energy  neutron  inelastic- 
scattering  (NIS)  spectra  of  superconducting 
Na2RbC(60)  in  the  temperature  range  50-350  K.  Well- 
defined  librational  peaks  are  observed  at  50  K  at 
2.83(17)  meV  (FWHM  =  1.7(5)  meV).  They  soften  and 
broaden  with  increasing  temperature.  Their  behavior 
mimics  that  found  in  solid  C(60)  and  differs  markedly 
from  K3C(60).  The  rotational  barrier  for  C(60) 
reorientations  in  Na2RbC(60)  is  somewhat  higher  than 
in  pristine  C(60)  and  approximately  half  as  large  as  in 
K3C(60).  An  order-disorder  transition  is  anticipated  at 
a  temperature  higher  than  that  found  in  C(60). 
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We  report  the  results  of  neutron-diffraction  and  low-en- 
ergy neutron-inelastic-scattering  experiments  on  high- 
purity  solid  C(70)  between  10  and  640  K.  Thermal 
hysteresis  effects  are  found  to  accompany  structural 
changes  both  on  cooling  and  on  heating.  The  observed 
diffuse  scattering  intensity  does  not  change  with  tem- 
perature. At  10  K  broad  librational  peaks  are  observed 
at  1.82(16)  meV  (full  width  at  half  maximum  =  1.8(5) 
meV).  The  peaks  soften  and  broaden  further  with  in- 
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creasing  temperature.  At  and  above  room  tempera- 
ture, they  collapse  into  a  single  quasielastic  line.  At  300 
K,  the  diffusive  reorientational  motion  appears  to  be 
somewhat  anisotropic,  becoming  less  so  with  increas- 
ing temperature.  An  isotropic  rotational  diffusion 
model,  in  which  the  motions  of  adjacent  molecules  are 
uncorrelated,  describes  well  the  results  at  525  K.  The 
temperature  dependence  of  the  rotational  diffusion 
constants  is  consistent  with  a  thermally  activated  proc- 
ess having  an  activation  energy  of  32(7)  meV. 
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C(60)  (buckminsterfullerene)  is  the  most  well-known, 
the  most  stable,  the  most  readily  available,  and  in 
many  respects  the  most  interesting  member  of  a  re- 
cently discovered  class  of  pure  carbon  molecules 
known  as  the  fullerenes.  A  method  of  making  macro- 
scopic quantities  of  fullerene  mixtures  was  described 
in  late  1990,  and  since  that  time  many  scientists  have 
been  investigating  the  properties  of  C(60),  the  higher 
fullerenes,  and  their  various  compounds  and  deriva- 
tives. To  date  most  of  the  neutron  scattering  research 
on  these  materials  has  been  carried  out  either  at  the 
20  MW  research  reactor  of  the  National  Institute  of 
Standards  and  Technology  (NIST),  or  at  the  ISIS  spall- 
ation source,  Rutherford-Appleton  Laboratory.  In  this 
article  we  shall  describe  the  research  that  has  inter- 
ested and  occupied  us  the  most,  namely  diffraction  and 
low  energy  inelastic  scattering  studies  of  solid  C(60). 
Much  of  the  work  that  we  omit  is  discussed  in  two  re- 
cently published  reviews. 
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Differential  cross  sections  for  neutron  and  x-ray  scat- 
tering have  been  derived  for  the  orientationally  dis- 
ordered phase  of  solid  C(60).  Interaction  centers  are 
placed  at  nuclei  and  at  the  centers  of  interatomic 
bonds.  Bragg  and  diffuse  scattering  cross  sections,  for 
single  crystals  and  for  powders,  are  formulated  using 
symmetry-adapted  rotator  functions.  Thermal  aver- 
ages are  calculated  taking  account  of  crystal  field  ef- 
fects. Thermally  averaged  orientational  distribution 
functions  have  also  been  calculated. 
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We  have  used  a  reentrant  radio-frequency  (rf)  cavity 
as  a  resonator  operating  near  375  MHz  to  measure 
changes  in  the  dielectric  constant  of  fluids  within  it.  The 
utility  of  these  measurements  was  demonstrated  by 
determining  the  dipole  moment  of  1,1,1,2,3,3- 
hexafluoropropane,  a  candidate  replacement  refrig- 
erant (denoted  R236ea)  and  by  detecting  the  phase 
boundaries  in  the  mixture  ((1-x)C2H6  +  xC02),  for  the 
mole  fraction  x  =  0.492.  The  densities  of  the  coexisting 
phases  of  the  mixture  were  determined  using  the 
Clausius-Mossotti  relation  which  has  errors  on  the 
order  of  0.5%  in  this  application.  To  test  the  accuracy 
of  the  present  techniques,  the  rf  resonator  was  cali- 
brated with  helium  and  then  used  to  redetermine  the 
molar  polarizability  A(sub  e)  of  argon.  The  results  were 
in  excellent  agreement  with  published  values.  Our  de- 
sign of  the  reentrant  resonator  makes  it  suitable  for  use 
with  corrosive  fluids  at  temperatures  up  to  400  C. 
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The  expanded  responsibilities  the  authors  were  given 
nearly  six  years  ago  in  becoming  the  National  Institute 
of  Standards  and  Technology  have  provided  us  with 
a  significant  challenge.  In  response  to  this  challenge, 
the  authors  have  expanded  their  interactions  with  U.S. 
industry  to  meet  their  needs  and  help  improve  their 
global  competitiveness,  while  continuing  to  provide  the 
national  system  of  chemical  and  physical  measure- 
ments, the  fundamental  research  base  for  tomorrow's 
chemical  science  and  technology,  and  a  national  ref- 
erence laboratory  to  address  critical  problems  related 
to  public  health  and  safety.  With  these  goals  in  mind, 
the  report  contains  research  from  the  following  divi- 
sions: Biotechnology,  Chemical  Engineering,  Chemical 
Kinetics  and  Thermodynamics,  Inorganic  Analytical 
Research,  Organic  Analytical  Research,  Process 
Measurements,  Surface  and  Microanalysis  Science, 
and  Thermophysics. 
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The  nuclear  and  magnetic  structures  of  the  oxygen-de- 
ficient perovskite  YBaCuCo05  have  been  determined 
by  neutron  powder  diffraction  at  room  temperature. 
The  nuclear  structure  has  the  symmetry  of  space 
group  P4/mmm  and  lattice  parameters  a  =  3.8679(1), 
c  =  7.5674(2)  A.  Copper  and  cobalt  atoms  are  com- 
pletely disordered  in  this  compound  and  the  oxygen 
vacancies  are  located  on  the  layer  of  the  yttrium  atoms. 
As  a  consequence  of  this  configuration,  the  Co/Cu 
atoms  have  fivefold,  pyramidal  coordination.  The  mag- 
netic structure  is  based  on  a  unit  cell  related  to  that 
of  the  nuclear  structure  by  an  axis  transformation  of 
matrix  (1,  -1,  0/1,  1,  0/0,  0,  2).  The  magnetic  origin  of 
the  extra  reflections  observed  experimentally  was  es- 
tablished by  polarized  neutron  diffraction  measure- 
ments. If  we  assume  that  the  magnetic  structure  has 
tetragonal  symmetry,  then  the  magnetic  moments 


have  to  assume  an  orientation  parallel  to  the  c  axis  of 
the  unit  cell. 
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Detailed  physicochemical  characterization  of 
octacalcium  phosphate  carboxylates  (OCPCs)  with 
structurally  incorporated  succinate,  adipate,  suberate, 
sebacate,  fumarate,  and  citrate  ions  is  reported. 
Compositional  formulas  of  the  OCPCs  were  derived 
from  Ca,  P,  C,  H,  and  H20  analyses.  X-ray  diffraction 
patterns  of  OCPCs  show  structural  similarity  with  the 
parent  compound  octacalcium  phosphate  (OCP);  the 
b  and  c  axes  of  the  unit  cells  were  nearly  the  same 
as  those  of  OCP  but  the  a  axes  were  progressively  ex- 
panded concomitant  with  carbon  chain  length.  Infrared 
and  Raman  assignments  were  made  for  nearly  all 
bands  of  these  six  OCPCs;  an  OCP-succinate  contain- 
ing the  deuterated  succinate  ion  was  prepared  to  facili- 
tate band  assignments.  Spectra  of  the  OCPCs,  as 
compared  to  that  of  OCP,  showed  the  presence  of 
carboxylate  groups,  changes  in  water  bonding,  only 
slight  changes  in  P04  environments,  and  preferential 
reduction  in  HP04(5)  content.  OCP  has  two 
crystallographically  nonequivalent  HP04  groups  (des- 
ignated 5  and  6);  the  preferential  replacement  of 
HP04(5)  by  the  dicarboxylate  ion  is  plausible  consider- 
ing lattice  geometry.  By  utilizing  combined  data  from 
the  different  methods,  the  possible  positions  of 
carboxylate  ions  in  the  OCPC  structures  are  dis- 
cussed. 
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High  resolution  IR  laser  direct  absorption  spectra  in  a 
slit  jet  are  presented  and  analyzed  for  nitrogen 
((15)N(14)N-HF,  (14)N(15)N-HF,  (15)N(1 5)N-HF,  and 
deuterium  ((14)N(14)N-DF)  substituted  N2HF 
isotopomers.  Both  (14)N(15)N-HF  and  (15)N(14)N-HF 
isomers  are  observed,  indicating  a  sufficiently  deep 
minimum  in  the  hydrogen  bonding  potential  energy 
surface  to  quench  internal  rotation  of  the  N2.  The 
vibrational^  averaged  stretching  potentials  for  each 
substituted  species  are  recovered  from  rotational 
Rydberg-Klein-Rees  (RKR)  analysis.  Features  of  the 
one-dimensional  (1D)  potential  surface  such  as  hydro- 
gen bond  length,  harmonic  force  constant,  and  well 
depth  are  then  tested  for  isotopic  invariance  by  direct 
comparison  of  the  different  isotopomers.  Agreement 
among  the  various  N  substituted  species  for  HF  based 
complexes  for  either  nu(HF)=0  or  1  is  excellent,  and 
provides  effective  1 D  potentials  for  the  stretching  co- 
ordinate between  3.39  and  3.75  A. 
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The  value  of  the  room  temperature  copper  -  gold 
interdiffusion  coefficient  derived  by  extrapolating  from 
high  temperature  measurements  is  an  underestimate 
by  several  orders  of  magnitude.  Once  the  full  thickness 
of  the  gold  film  is  penetrated,  copper  accumulates  on 
the  surface,  and  a  layer  of  high  concentration  of  copper 
exists  immediately  below  the  gold/air  interface.  Elec- 
trical resistivity  of  an  alloy  is  much  higher  than  the  re- 
sistivity of  either  component.  This  high  resistivity  layer 
may  be  localized  within  the  skin  depth  of  propagating 
electromagnetic  waves;  in  cases  where  copper  has 
reached  the  surface,  it  is  permanently  within  the  skin 
depth  at  any  frequency.  A  nickel  'diffusion  barrier,' 
commonly  applied  between  copper  and  gold,  is  unsuit- 
able in  many  microwave  and  millimeter-wave  applica- 
tions because  of  ferromagnetism  of  nickel  at  room  tem- 
perature. The  compound  that  forms  on  the  surface  of 
untreated  copper  at  room  temperature  in  a  reasonably 
clean  atmosphere  is  cuprous  oxide.  Its  properties 
make  it  a  better  alternative  to  gold  in  microwave  and 
millimeter-wave  engineering. 
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We  report  the  results  of  inelastic  neutron-scattering 
measurements  on  Rb(2.6)K(0.4)C(60).  Librational 
modes  were  observed  as  broad  peaks  with  maxima 
between  4.1  and  4.7  meV,  as  the  temperature  is  low- 
ered from  300  to  12  K.  As  in  K3C(60),  no  change  in 
the  width  or  position  of  the  librational  peak  was  ob- 
served when  the  sample  was  cooled  through  the 
superconducting  transition.  Thus  any  coupling  of  the 
librations  to  electronic  states  is  small.  The  magnitude 
of  the  orientational  potential  barrier  was  estimated  from 
the  librational  peak  frequency.  A  flat  background  ob- 
served in  the  low-energy  inelastic-scattering  spectra  is 
ascribed  to  two-phonon  scattering.  The  density  of 
states  of  intramolecular  modes  is  similar  to  that  of  pre- 
viously studied  M3C(60)  compounds;  modes  at  53  and 
66  meV  in  pure  C(60)  are  not  observed  in 
Rb(2.6)K(0.4)C(60). 
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Laser-induced  desorption  of  NO  from  Si(1 1 1 )  has  been 
investigated  using  state-specific  detection  techniques. 
The  observed  energy  partitioning  in  the  desorbed  NO 
varies  significantly  with  the  NO  coverage.  Character- 
ization of  energy  partitioning  with  desorption-laser 
wavelengths  in  the  range  355-1907  nm  indicates  that 
different  substrate  electronic  excitations  are  respon- 
sible for  the  desorption  at  low  NO  coverage  vs  satura- 
tion coverage.  The  relationship  between  the  substrate 
electronic  excitation  and  observed  vibrational-state- 
population  distributions  is  explored. 
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Data  are  reported  for  the  viscosity  of  six  saturated  liq- 
uids and  three  mixtures  of  these  liquids  over  a  tem- 
perature range  from  250  to  330  K.  The  liquids  studied 
are  the  halogenated  compounds,  1,1,1,2- 
tetrafluoroethane  (R134a),  bis(difluoromethyl)  ether 
(RE134),  2-(difluoromethoxy)-1, 1,1  -trifluoroethane 
(RE245),  pentafluoroethane  (R125),  1-chloro-1 ,2,2,2- 
tetrafluoroethane  (R124),  and  difluoromethane  (R32). 
The  mixtures  studied  are  R125  +  R134a,  R32  +  R134a, 
and  R32  +  R124,  all  at  approximately  50%  mole  frac- 
tion. A  capillary  viscometer  constructed  of  stainless 
steel  and  sapphire  was  used  to  obtain  the  data.  The 
measurements  are  accurate  to  3-5%  of  the  kinematic 
viscosity.  A  free  volume  model  of  viscosity  was  used 
to  correlate  the  data. 
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Beam  crossings  within  a  spherical-mirror,  multipass- 
cell  provide  the  opportunity  to  measure,  simulta- 
neously, the  Raman  spectrum  for  both  the  forward  and 
backward  scattering  geometries.  The  analyses  nec- 
essary to  quantitatively  account  for  such  forward-back- 
ward spectra  are  summarized.  These  simultaneous 
forward-backward  spectra  enable  unique  experimental 
tests  of  lineshape  functions  used  for  the  description  of 
the  Raman  Q-branch  spectrum  under  conditions  where 
Doppler  contributions  and  Dicke  narrowing  are  signifi- 
cant. Results  for  the  D2:D2  and  D2:He  systems  sup- 
port the  well-known  Galatry,  or  soft  collision,  lineshape 
function.  For  the  case  of  D2:Ar,  evidence  is  advanced 
for  the  need  to  employ  the  more  general  complex  soft 
collision  function.  In  addition,  these  studies  have  pro- 
vided data  on  linear-with-density  line  broadening  (pre- 
viously published)  and  line  shifting  coefficients  (re- 
ported here)  for  these  molecular  systems. 
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Vibrational  branching  ratios  and  photoelectron  angular 
distributions  were  measured  for  4(sigma)g 
photoionization  of  C02  in  the  energy  range  20-28  eV. 
Of  particular  interest  are  three  vibrational  components 
of  the  resulting  C02(1+)  C(tilde)  doublet  Sigma(sub  g, 
sup  +)  state-the  allowed  (000)  and  (100)  bands  and 
the  forbidden  (101)  band.  The  wavelength  dependence 
of  the  beta  parameter  for  the  forbidden  band  deviated 
significantly  from  that  of  the  two  allowed  bands,  show- 
ing instead  a  strong  resemblance  to  that  of  the  B(tilde) 
doublet  Sigma(sub  u,  sup  +)  state.  This  behavior  sug- 
gests that  vibronic  coupling  to  the  B(tilde)  doublet 
Sigma(sub  u,  sup  +)  state  is  responsible  for  the  ap- 
pearance of  the  forbidden  (101)  band  in  the  C(tilde) 
doublet  Sigmafsub  g,  sup  +)  state  photoelectron  spec- 
trum. We  also  observe  evidence  for  other  many-body 
effects-shape-resonance-induced  continuum-contin- 
uum coupling  and  doubly-excited  autoionizing 
resonances-in  the  present  data. 
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Surface  analytical  techniques  and  in  situ  conductance 
measurements  have  been  used  to  study  the  sensing 
action  of  low  coverage  Pd  dispersed  on  a  SnO2(110) 
crystal.  The  Pd  coverage  dependence  and  the  tem- 
perature dependence  for  H2  detection  are  discussed 
for  this  system.  The  authors  also  examine  the  role  of 
coadsorbate  reactions  between  hydrogen  and  oxygen 
at  the  Pd/Sn02  surfaces  in  controlling  interfacial  elec- 
trical properties.  Results  from  this  model  study  are 
being  used  to  guide  the  fabrication  of  prototype  con- 
ductance sensors  consisting  of  thin  (epitaxial)  oxide 
films  with  metal  layers. 
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Rate  constants  for  several  reactions  of  inorganic  radi- 
cals with  inorganic  reductants  in  aqueous  solutions 
have  been  measured  by  pulse  radiolysis  as  a  function 
of  temperature,  generally  between  5  and  75  deg  C. 
The  temperature  dependence  of  the  reaction  rate  con- 
stant is  correlated  to  the  reaction  exothermicity  for  the 
metal  complexes,  which  apparently  react  by 
outersphere  electron  transfer.  The  simple  anions,  how- 
ever, have  lower  activation  energies,  which  do  not  cor- 
relate well  with  the  exothermicities,  suggesting  that 
these  anions  probably  react  by  an  inner-sphere  mech- 
anism. 
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Pulse  radiolysis  of  iodomethane  in  various  organic  sol- 
vents leads  to  formation  of  iodine  atoms  or 
iodomethane  radical  cations,  which  in  turn  form  com- 
plexes with  iodomethane  or  with  the  solvent.  Radioly- 
sis in  cyclohexane  gives  CH3I.I,  which  exhibits  an  ab- 
sorption peak  at  390  nm,  whereas  radiolysis  in  ben- 
zene forms  the  solvent  complex,  C6H6.I,  which  exhib- 
its an  intense  broad  absorption  centered  at  490  nm. 
Replacing  the  methyl  group  of  iodomethane  radical 
cation  with  ethyl  or  isopropyl  decreases  the  reactivity, 
whereas  trifluoromethyl  increases  the  reactivity.  These 
oxidation  reactions  proceed  via  an  intermediate  com- 
plex between  the  iodine  species  and  the  organic  reduc- 
tant. 
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The  techniques  of  Fourier  Transform  Spectroscopy 
and  High  Pressure  Mass  Spectrometry  have  been 
used  to  investigate  the  ionization  potential  (I. P.)  of  SF5 
via  electron  exchange  reactions.  An  I. P.  of  9.60  +  or 
-  0.05  eV  has  been  derived  from  this  data,  which  is 
in  disagreement  with  estimates  from  flowing  afterflow 
measurements  (I. P.  >  or  -  10.15  eV).  In  addition,  no 
evidence  has  been  found  for  a  fluoride  transfer  equi- 
librium involving  CF3(1+)  and  SF6,  which  was  thought 
to  interrelate  the  heats  of  formation  of  CF3(1+)  and 
SF5(1+). 
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The  letter  'Nanometre-Sized  Diamonds  are  More  Sta- 
ble Than  Graphite'  by  Badziag  et  al.  (BVEG)  attempts 
to  provide  a  basis  for  the  increasingly  common  obser- 
vation that  diamond  is  a  product  in  carbon-forming  re- 
action systems.  In  a  plot  of  bonding  energy  versus  HI 
C  ratio  they  find  diamond  precursors  to  be  of  lower  en- 
ergy than  graphite  precursors.  They  suggest  that  this 
implies  that  diamond  precursors  are  more  'stable'  than 
graphite  precursors,  hence,  from  a  thermodynamic 
standpoint,  homogeneous  diamond  nucleation  is  no 
more  difficult  than  graphite  nucleation. 
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The  review  is  concerned  with  the  use  of  shock  tubes 
to  study  the  kinetics  of  high  temperature  gas  phase 
chemical  processes.  It  will  emphasize  reports  on  inves- 
tigations published  during  the  past  ten  years.  The  last 
Annual  Review  article  on  this  subject  was  published 
in  1 969  by  Belford  and  Strehlow.  A  book  'Shock  Waves 
in  Chemistry',  published  in  1981,  covers  much  of  the 
literature  during  the  intervening  years.  There  are  many 
reasons  for  interest  in  high  temperature  chemical  kinet- 
ics. Increasing  the  temperature  opens  new  reaction 
channels  and  thus  expands  the  range  of  phenomena 
that  can  be  studied.  In  conjunction  with  lower  tempera- 
ture results,  the  nature  of  the  chemical  reaction  can 
be  more  properly  defined.  Many  important  industrial 
processes  occur  at  high  temperatures.  With  the  in- 
creasing role  of  computer  simulations  for  the  under- 
standing of  such  complex  processes,  there  is  a  great 
need  for  fundamental  quantitative  kinetic  information 
which  are  the  necessary  inputs  for  such  programs.  The 
shock  tube  provides  a  unique  means  of  generating 
controlled  and  chemically  well  defined  high  tempera- 
ture environments. 
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Hydrogen  atoms  have  been  reacted  with 
perchloroethylene  under  the  high  temperature  condi- 
tions of  a  single  pulse  shock  tube.  Rate  expressions 
over  the  temperature  range  950-1100  K  and  at  pres- 
sures near  2.5  atm  were  determined.  Comparisons  are 
made  with  results  from  other  olefinic,  aromatic  and  re- 
lated systems  and  the  effects  on  hydrogen  reactivity 
with  olefins  upon  chlorine  substitution  are  deduced. 
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Incoherent  inelastic  neutron  scattering  was  used  to 
study  the  vibrational  spectroscopy  of  hydrogen  (and 
deuterium)  in  alpha-phase  solid  solution  with  Sc,  Lu, 
and  Y.  Low-resolution  spectra  of  the  tetrahedrally- 
bound  H  (and  D)  in  the  three  rare-earth  metals  exhibit 
similar  behavior:  a  soft  c-axis-polarized  vibration  about 
25-30%  lower  in  energy  than  the  doubly-degenerate  vi- 
brations polarized  along  the  basal  plane.  Previous  dif- 
fuse elastic  neutron  scattering  studies  of  these  sys- 
tems indicate  the  existence  of  short-range  ordering  of 
metal-atom-bridged  hydrogen  pairs  into  c-axis  directed 
chains.  High-resolution  spectra  of  the  broad  c-axis  vi- 
brations reveal  a  temperature-  and  H-concentration- 
dependent  splitting  believed  to  represent  local  'optic' 
and  'acoustic'  bands  associated  with  the  dynamical 
coupling  of  these  hydrogen  pairs. 
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We  report  preliminary  results  of  a  study  of  the  Hopfield 
series  in  rotationally  cooled  molecular  nitrogen.  By 
using  angle  resolved  electron  spectroscopy  in  com- 
bination with  synchrotron  radiation,  partial  cross  sec- 
tions and  asymmetry  parameters  for  formation  of  the 
vibrational^  resolved  X  and  A  states  of  N2(1+)  were 
measured  in  the  region  of  the  n  =  6  member  of  the 
Hopfield  bands.  The  results  are  compared  with  earlier 
ab  initio  MQDT  calculations  and  reflect  qualitative 
agreement  for  the  X  doublet  Sigma(sub  g,  sup  +) 
decay  channel,  but  sharp  disagreement  for  the  A  dou- 
blet Pi(sub  mu)  decay  channel. 
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The  authors  used  standard  thermodynamic  relation- 
ships to  demonstrate  the  accuracy  of  new  vapor  pres- 
sure measurements  by  using  them  in  the  calculation 
of  liquid-phase  heat  capacities  and  comparing  the  re- 
sults with  recently  published  experimental  values.  The 
results  for  new  alternative  refrigerants  R134a  and 
R1 23  are  used  as  examples. 
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Based  on  crack  growth  rate  data,  it  is  known  that  most 
brittle  solids,  ranging  from  completely  ionic  (MgF2)  to 
mixed  ionic/covalent  (Si02,  AI203),  undergo  environ- 
mentally enhanced  bond  rupture.  In  order  to  further  our 
understanding  of  the  bond  rupture  mechanism,  we 
have  carried  out  molecular  orbital  calculations  (MO) 
using  the  ab  initio  self-consistent  field  technique.  The 
work  to  date  has  involved  investigations  of  the  effects 
of  strain  on  the  atomic  charges,  bond  overlap  popu- 
lation and  ionic  character  of  the  Si-0  bond  at  the  crack 
tip  of  silica.  Silica  was  chosen  as  the  model  material 
because  of  the  extensive  experimental  data  available 
on  it. 
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The  reaction  of  CH3  radicals  and  O  atoms  is  studied 
using  laser  flash  photolysis/time-resolved  Fourier 
transform  infrared  emission  spectroscopy.  In  addition 
to  observing  formaldehyde  vibrational  CH  emission, 
molecular  CO  vibrational  emission  is  also  detected. 
Experiments  are  performed  to  confirm  that  CO  is  a  pri- 
mary product  from  the  title  reaction.  The  observed  CO 
vibrational  distribution  (nu  =  1-8)  can  be  fit  with  a  vibra- 
tional temperature  of  12700  +  or  - 1400  K,  and  the  frac- 
tion of  the  reaction  exothemnicity  released  into  CO  vi- 
bration is  0.22.  The  branching  fraction  to  CO  is  esti- 
mated to  be  0.40  +  or  -  0.1 0. 
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The  authors  investigated  the  effect  of  concentration  on 
the  Brownian  diffusion  of  uncharged  rigid  spheres. 
Monosize  silica  spheres  were  prepared  according  to 
the  method  of  Stober  (1968).  The  particles  were 
sterically  stabilized  by  chemisorption  of  stearic  alcohol 
at  their  surface  by  the  method  developed  by  van 
Helden  (1981).  Particle  radius  was  14.5  nm  from  elec- 
tron micrographs  of  the  coated  particles.  Osmotic  pres- 
sure measurements  of  the  sterically  stabilized  particles 
dispersed  in  cyclohexane  showed  that  the  particles  be- 
haved as  hard  spheres.  The  measurements  agreed 
well  with  predictions  from  the  Carnahan-Starling  equa- 
tion over  the  concentration  range  0.0458  <  phi  <  0.37 
where  phi  is  the  volume  fraction  of  the  particles  in  the 
suspension.  Viscosity  measurements  of  silica  disper- 
sions were  made  over  the  concentration  range  0  <  phi 
<  0.25.  The  Brownian  diffusion  coefficient  of  the  par- 
ticles dispersed  in  cyclohexane  was  measured  over 
the  concentration  range  0.0055  <  phi  <  0.248  using 
Taylor's  hydrodynamic  stability  method. 
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The  potential  energy  of  interacting  atomic  ions  A(+)  + 
B(+)  often  shows  a  shallow  local  minimum  separated 
by  a  broad  potential  barrier  from  the  dissociation  prod- 
ucts at  much  lower  energy.  Early  interpretations  of 
dication  potential  shapes  were  based  on  the  similarity 
of  the  electronic  structure  between  isoelectronic  neu- 
tral and  ionic  species  and  led  to  a  picture  of  a  chemical 
bond  superimposed  on  a  repulsive  Coulomb  potential. 
More  recently,  barriers  in  dication  potentials  have  com- 
monly been  interpreted  as  avoided  curve  crossings  in- 
volving covalent  and  ionic  structures.  In  this  paper,  we 
demonstrate  that  the  former  model  is  the  appropriate 
one  except  in  cases  with  very  small  asymptotic  ionic/ 
covalent  energy  splittings.  By  deriving  dication 
wavefunctions  from  their  neutral  isoelectronic  counter- 
parts, we  obtain  upper  bound  dication  potential  curves 
which  show  all  the  characteristic  features.  By  further 
modeling  induction  effects,  we  arrive  at  an  almost 
quantitative  fit  of  accurate  ab  initio  dication  potentials. 
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This  paper  describes  some  of  the  experimental  and 
theoretical  problems  encountered  when  the  Taylor  dis- 
persion method  is  applied  to  the  measurement  of  diffu- 
sion coefficients  near  gas-liquid  critical  points.  We 
have  used  our  own  measurements  of  diffusion  of  ben- 
zene and  toluene  in  supercritical  carbon  dioxide,  along 
with  measurements  from  several  other  sources,  to  il- 
lustrate some  of  the  experimental  challenges.  Special 
attention  is  given  to  the  peak  shape.  The 
intercomparisons  are  greatly  simplified  by  comparing 
the  experimental  data  as  functions  of  density,  rather 
than  pressure.  We  find  large  and  unexplained  discrep- 
ancies between  the  various  experimental  sources.  We 
discuss  the  theoretical  predictions  for  the  relationships 
between  the  diffusion  coefficients  and  diffusivities  ob- 
tained from  Taylor  dispersion  and  dynamic  light  scat- 
tering in  fluids  near  critical  points.  We  conclude  that 
there  is  no  strong  reason  to  press  for  Taylor  dispersion 
measurements  near  the  gas-liquid  critical  point  of  the 
carrier  gas. 
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The  past  25  years  have  seen  detailed  experimental 
confirmation,  in  many  fluids,  of  concepts  from  the  the- 
ory of  critical  phenomena.  It  has  been  demonstrated 
that  fluids  belong  to  the  universality  class  of  the  3D 
Ising  model,  with  critical  exponents  as  given  by 
renormalization  group  calculations.  Nevertheless, 
there  is  an  important  class  of  fluid  systems,  those  with 
ionic  components,  for  which  it  is  not  clear  that  the  no- 
tions of  critical  behavior  developed  for  uncharged  sys- 
tems apply.  We  will  review  the  available  experimental 
evidence,  and  assess  the  state  of  theoretical  knowl- 
edge. 
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The  excess  Gibbs  free  energy  reference  states  of  both 
solvent  and  solute,  as  commonly  used  for  aqueous  so- 
lutions, behave  anomalously  near  the  critical  point  of 
water.  This  leads  to  a  concentration-dependence  of  the 
partial  and  apparent  molar  properties  that  is  stronger 
than  usually  assumed  for  nonelectrolyte  as  well  as  for 
electrolyte  solutions,  and  affects  a  large  range  of  pres- 
sure-temperature space  where  water  is  highly  com- 
pressible. As  a  consequence,  extrapolation  techniques 
developed  for  extracting  infinite-dilution  properties 
from  data  at  finite  concentration  will  fail.  Examples  from 
various  experimental  sources,  including  recent  volume 
measurements  in  supercritical  dilute  aqueous  C02,  will 
be  used  to  make  this  point.  The  anomalous  initial  con- 
centration dependence  of  apparent  molar  properties 
interferes  with  the  determination  of  the  Debye-Huckel 
limiting  law  description,  conventionally  incorporated  in 


the  excess  Gibbs  free  energy,  fails  when  the  com- 
pressibility of  the  solvent  changes  rapidly.  A  more  ap- 
propriate frame  of  reference  will  be  proposed. 
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A  surface-extended  x-ray-absorption  fine-structure 
study  of  ordered  monolayers  of  coadsorbed  barium 
and  oxygen  on  a  single-crystal  W(100)  surface  is  de- 
scribed. A  (square  root  of  2)  X  (square  root  of  2) 
R45(degrees)  structure  with  a  stoichiometric  barium- 
to-oxygen  ratio,  and  a  (2(square  root  of  2))  X  (square 
root  of  2)  R45(degrees)  structure  with  a  nearly  1 :2  bar- 
ium-to-oxygen atomic  ratio  both  form  on  W(100).  The 
surface-extended  x-ray  absorption  fine-structure  re- 
sults indicate  that  all  of  the  barium  and  oxygen  atoms 
are  nearly  coplanar  in  the  (square  root  of  2)  X  (square 
root  of  2)  R45(degrees)  overlayer.  The  Ba-to-O  dis- 
tance in  this  overlayer  is  3.20  +  or  -  0.05  A  and  beta 
=  82  deg  +  or  -  5  deg,  where  beta  is  the  angle  between 
the  Ba-0  internuclear  axis  and  the  surface  normal.  For 
the  (2(square  root  of  2))  X  (square  root  of  2) 
R45(degrees)  overlayer,  there  are  two  types  of  oxygen 
sites.  Oxygen  atoms,  nearly  coplanar  with  the  barium 
atoms  are  also  present  in  these  films. 
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Ultraviolet  photoelectron  spectroscopy  (UPS)  and  work 
function  changes  are  used  to  identify  a  stable  methoxy 
intermediate,  CH30(ads),  on  Cr(1 10)  at  90  K  following 
low  exposures  of  methanol,  CH30H(g).  Higher  meth- 
anol exposures  at  90  K  add  subsequent  layers  of 
physisorbed  methanol  which  desorb  above  120  K. 
Methoxy  dissociation  into  atomic  fragments  occurs  be- 
tween 250  and  400  K.  The  absence  of  a  stable 
CO(ads)  dissociation  intermediate  indicates  that  meth- 
yl group  dehydrogenation  is  rate  limiting  on  Cr(1 10). 
As  was  previously  found  on  Fe(100)  and  Mo(100),  the 
stability  of  CH30(ads)  over  CO(ads)  on  Cr(110)  is  op- 
posite of  that  proposed  by  Sexton  based  upon  relative 
heats  of  adsorption.  Consideration  of  the  CH30:metal 
and  CO:metal  bonding  mechanisms  leads  to  the  prop- 
osition that  substrate  electronic  properties,  rather  than 
steric  or  substrate  morphological  factors,  are  respon- 
sible for  the  anomalous  methoxy  stability  on  these  sur- 
faces. 
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The  NO(nu,J)-fragment  population  distributions  and  re- 
coil energies  were  measured  for  the  vibrational 
predissociation  of  NO  (dot)  HF  following  excitation  of 
the  H-F  stretch.  Most  of  the  available  energy  appears 
in  NO  vibration  and/or  HF  rotation.  There  is  little  recoil 
momentum.  The  data  support  two  possibilities  for  the 
NO  (dot)  HF  dimer  bond  energy:  (1)  D(0)  =  448  +  or 
-  5/cm  with  coincident  pairs  of  fragments  NO(nu  =  0) 
+  HF(J  =  12)  and  NO(nu  =  1)  +  HF(J  =  8);  (2)  D(0) 
=  1769  +  or  -  10/cm  with  J(HF)  =  9  and  2,  respectively. 
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We  have  measured  photoionization  branching  ratios 
and  photoelectron  asymmetry  parameters  for 
photoionization  of  C02  leading  to  the  first  four  elec- 
tronic states  of  C02(1+)  over  the  photon  energy  range 
from  20  to  50  eV.  The  motivation  for  this  work  was  the 
prediction  by  Lucchese  (J.  Chem.  Phys.  92,  4203 
(1 990))  that  the  sigma(sub  mu)  shape  resonance  in  the 
(4  sigma(sub  g))(sup  -1)  C(tilde)  doublet  Sigma(sub  g, 
sup  +)  ionization  channel  would  influence  the 
photoionization  dynamics  in  the  other  valence-shell 
continua  through  continuum-continuum  channel  inter- 
action, with  the  main  effect  occurring  in  the  (3 
sigma(sub  mu))(sup  -1)  B(tilde)  doublet  Sigma(sub 
mu,  sup  +)  channel.  Indeed,  clear  evidence  for  this 
phenomenon  is  observed  in  this  channel,  the  most 
prominent  indication  being  a  broad,  shallow  minimum 
in  the  asymmetry  parameter  at  approx  40  eV.  Compari- 
sons of  the  present  results  with  theory  and  other  meas- 
urements reflect  good  overall  agreement  and  provide 
some  guidance  regarding  the  effectiveness  of  alter- 
native approximations  used  in  the  theoretical  calcula- 
tions. 
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The  vapor  pressures  of  1-chloro-1,1-difluoroethane 
(R142b)  and  1,1-difluoroethane  (R152a)  have  been 
measured  at  temperatures  between  224.8  and  284.7 
K  for  R142b  and  between  219.9  and  273.1  K  for  R1 52a 
by  a  comparative  ebulliometric  technique.  Our  results 
have  been  combined  with  selected  published  results 
to  provide  a  smoothing  equation  for  the  vapor  pres- 
sure. For  R142b,  our  equation  is  valid  from  200  to  300 
K  while  for  R152a  the  temperature  range  goes  from 
21 5  K  to  the  critical  temperature,  near  386  K. 
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High-resolution  Fourier  transform  spectra  of  CD3CCH 
at  room  temperature  and  at  195  K  have  been  recorded 
in  the  region  of  the  2nu(sub  9)  band  (1225-1285/cm) 
at  an  apodized  resolution  of  0.004/cm.  Approximately 
1000  vibration-rotation  transitions  in  the  P  and  R 
branches  of  2nu(sub  9)  (A(sub  1 ))  have  been  fitted  with 
a  standard  deviation  of  0.00035/cm.  Two  vibration-ro- 
tation interactions  have  been  identified  and  analyzed. 
The  parameters  of  the  2nu(sub  9)  (A(sub  1))  state  and 
some  of  the  those  of  the  interacting  states  have  been 
determined. 
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Phase  diagrams  of  aqueous  two-phase  systems  com- 
posed of  polyethylene  glycol  and  various  salt  solutions 
were  measured.  The  densities  and  viscosities  of  these 
phase  systems  were  also  measured.  Polyethylene  gly- 
col was  used  with  three  average  molecular  masses  of 
1000,  3350,  and  8000.  The  salts  used  were  magne- 
sium sulfate,  sodium  sulfate,  sodium  carbonate,  am- 
monium sulfate,  and  potassium  phosphate.  Phase  dia- 
gram data,  as  well  as  the  densities  and  viscosities  of 
the  phases,  were  measured  at  25  C. 
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Composite  monolayer  structures  comprised  of 
cytochrome  c  strongly  adsorbed  to  alkanethiolate  self- 
assembled  (SA)  monolayers  on  sputter-deposited  gold 
film  electrodes,  i.e.,  cyt  c/HOOC(CH2)nS/Au(n  =  5,  10, 
15),  were  examined  using  cyclic  voltammetry  (CV), 
electrochemical  impedance  spectroscopy  (EIS),  and 
X-ray  photoelectron  spectroscopy  (XPS).  Monolayer 
coverage  of  cytochrome  c  in  a  stable,  functional, 
electroactive  state  was  obtained  in  neutral  phosphate 
buffer  of  low  ionic  strength  for  the  thickest  film  (n  =  15). 
Somewhat  lower  electroactive  coverages  were  gen- 
erally observed  with  the  thinner  SA  monolayers  (n  = 
5,  10).  The  surface  formal  potential  of  cytochrome  c, 
+215  mV  vs  NHE,  is  nearly  identical  to  values  pre- 
viously reported  for  cytochrome  c  bound  to  physio- 
logical membranes.  The  potential  usefulness  of  these 
composite  monolayers  for  investigating  biological  elec- 
tron transfer  is  highlighted. 
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The  thermodynamic  surface  of  R134a  is  expressed  in 
terms  of  a  32-term  modified  Benedict-Webb-Rubin 
(MBWR)  equation  of  state.  Coefficients  for  this  equa- 
tion and  for  the  ancillary  equations  representing  the 
saturated  liquid  and  vapor  densities  and  the  vapor 
pressure  are  presented.  Temperatures  are  given  on 
the  new  International  Temperature  Scale  of  1990  (ITS 
90).  The  MBWR  coefficients  were  obtained  using  a 
multi-property  fit  that  used  experimental  data  for  PVT 
properties,  isochoric  heat  capacity,  second-virial  coeffi- 
cients, speed  of  sound,  and  coexistence  properties,  in- 
cluding new  measurements  not  used  in  previous  for- 
mulations. The  formulation  is  applicable  to  both  the  liq- 
uid and  vapor  phases  at  pressures  up  to  70  MPa,  and 
for  a  temperature  range  from  the  triple  point  to  450  K. 
The  accuracy  of  the  equation  of  state  is  estimated  to 
be  +  and  -  0.2  %  in  density,  +  and  -  1.0  %  in  constant- 
volume  heat  capacities,  and  +  and  -  0.6  %  in  the  sound 
velocity,  except  in  the  critical  region,  based  on  com- 
parisons with  experimental  data.  In  addition,  a  com- 
prehensive bibliography  of  experimental  data  for 
R134a  is  presented. 
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A  high-temperature  adiabatic  calorimeter  has  been  de- 
veloped to  measure  constant-volume  molar  heat  ca- 
pacity. The  chief  design  feature  is  its  nearly  identical 
twin  cells  which  allow  accurate  measurement  of  energy 
differences  without  large  corrections  for  energy  losses 
due  to  thermal  radiation  fluxes.  Operating  conditions 
for  the  calorimeter  are  temperatures  from  300  to  700 
K  at  pressures  from  0  to  20  MPa.  The  calorimeter  is 
designed  to  measure  heat  capacities  of  both  gases 
and  liquids,  especially  fluids  of  interest  to  emerging  en- 
ergy technologies. 
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In  this  paper  we  present  a  method  which  modifies  a 
classical  equation  of  state  by  incorporating  the 
nonclassical  critical  behavior.  As  an  example  we  have 
applied  our  procedure  to  the  Carnahan-Starling- 
DeSantis  (CSD)  equation  of  state.  The  resulting  equa- 
tion reproduces  the  universal  scaling  behavior  near  the 
critical  point  and  reduces  to  the  universal  ideal-gas  be- 
havior at  low  densities.  We  show  that  the  renormalized 
CSD  equation  yields  an  improved  and  consistent  rep- 
resentation of  both  mechanical  and  caloric  thermo- 
dynamic properties.  In  addition,  the  suppression  of  the 
critical  temperature  due  to  the  critical  fluctuations  is 
clearly  demonstrated. 
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Two  methods  for  constructing  a  neighbor  table  for  use 
in  Molecular  Dynamics  simulations  are  discussed.  A 
linked-list  based  method  is  shown  to  require  time  for 
generation  of  the  table  that  is  roughly  proportional  to 
the  number  of  particles,  N,  in  the  system  when  the 
range  of  forces  is  small  compared  to  the  volume  of  the 
system.  An  alternative  method  that  requires  O  (N(sup 
2))  operations  is  also  discussed  and  problems  where 
it  may  be  preferable  to  the  linked-list  method  are  men- 
tioned. Source  code  listing  both  methods  is  included 
in  appendices. 
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Five  rotational  transitions  of  CoH  in  its  ground  triplet 
Phi  state  have  been  detected  by  far-infrared  laser  mag- 
netic resonance,  three  in  the  lowest  Omega  =  4  com- 
ponent and  two  in  the  Omega  =  3  component.  All  of 
the  Zeeman  transitions  show  an  octet  hyperfine  pattern 
due  to  the  (59)Co  nucleus  (I  =  7/2).  The  much  smaller 
proton  doubling  was  also  resolved  for  most  transitions. 
The  data  have  been  fitted  to  experimental  accuracy  by 
an  effective  Hamiltonian  for  a  molecule  in  an  isolated 
triplet  Phi  state.  The  electron  orbital  and  spin  g  factors 
determined  by  the  data  confirm  conclusively  that  the 
ground  state  of  CoH  is  a  triplet  Phi  state.  The  accurate 
measurement  of  the  rotational  constant  allows  the 
equilibrium  bond  length  to  be  determined.  The  cobalt 
hyperfine  splittings  have  been  fitted  to  determine  mag- 
netic dipole  and  electric  quadrupole  parameters. 
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The  far-infrared  laser  magnetic  resonance  spectra  as- 
sociated with  both  fine-structure  transitions  in 
(14)N(1+)  in  its  ground  triplet  P  state  have  been  re- 
corded. This  is  the  first  laboratory  observation  of  the 
J  =  1  <--  0  transition  and  its  frequency  has  been  deter- 
mined two  orders  of  magnitude  more  accurately  than 
previously.  The  measurement  of  the  J  =  2  <--  1  spec- 
trum revealed  a  small  error  in  the  previous  laboratory 
measurements.  The  fine-structure  splittings  (free  of 
hyperfine  interactions)  determined  in  this  work  are 
(Delta)E(10)  =  1461.13190  (61)  GHz,  (Delta)E(21)  = 
2459.38006  (37)  GHz.  Zero-field  transition  frequencies 
which  include  the  effects  of  hyperfine  structure  have 
also  been  calculated.  Refined  values  for  the  hyperfine 
constants  and  the  g(J)  factors  have  been  obtained. 
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The  triplet  P(1)  -  triplet  P(2)  fine-structure  splittings  of 
(17)0  and  (18)0  have  been  measured  by  far-infrared 
laser  magnetic-resonance  spectroscopy.  The  signals 
for  (17)0  were  detected  with  a  sample  in  its  natural 
abundance  (0.038%).  The  isotopic  shifts  from  the  cor- 
responding interval  in  (16)0  are  +  13.0  MHz  for  (17)0 
and  +  23.5  MHz  for  (18)0,  in  accord  with  theoretical 
expectations. 
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Vapor-liquid  equilibrium  data  extending  to  critical  pres- 
sures are  reported  for  mixtures  of  propane  with  each 
of  the  hexane  isomers,  n-hexane,  2-methylpentane,  3- 
methylpentane,  2,2-dimethylbutane,  and  2,3- 
dimethylbutane.  Dew-bubble  curves  for  five  different 
compositions  are  tabulated  for  each  of  the  five  mix- 
tures. The  data  in  pressure,  temperature,  and  density 
are  successfully  correlated  by  the  Leung-Griffiths 
model  as  modified  by  Moldover,  Rainwater,  and  co- 
workers. The  coexistence  surfaces  are  all  quite  similar 
with  only  subtle  differences  due  to  the  different  shapes 
of  the  isomeric  hexane  molecules. 
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The  paper  reports  SANS  (small  angle  neutron  scatter- 
ing) experiments  on  aqueous  binary  suspension  mix- 
tures of  charged  polystyrene  latex  and  silica  particles, 
characterized  by  the  size  ratio,  gamma=  sigmafsub  si)/ 
sigma(sub  pa)  approximately  0.72,  with  a  nominal  pol- 
ystyrene diameter,  sigmafsub  pa)  =  91  nm.  The  scat- 
tered intensities  are  reported  over  the  wave  vector  (Q) 
range  0.025  <  Q/nm(sup  -1)  <  0.4.  Partial  scattered  in- 
tensities were  obtained  by  contrast  matching  the  con- 
stituents with  an  appropriate  D20/H20  solvent.  Re- 
sults are  presented.  The  partial  scattered  intensity  of 
polystyrene  differs  significantly  from  that  of  silica  at  a 
given  value  of  n,  and  the  partial  scattered  intensity  of 
a  component  in  a  mixture  suspension  can  differ  mark- 
edly from  the  equivalent  scattered  intensity  of  the  com- 
ponent in  a  pure  suspension.  The  variation  of  the  inten- 
sity with  Q  for  silica  in  a  1/1  mixture  suggests  long 
range  silica  order  at  low  Q.  There  is  some  evidence 
that  the  larger  component,  polystyrene,  may  form  a 
polycrystalline  fee  phase,  in  agreement  with  the  density 
functional  theory.  The  effect  of  multiple  scattering  on 
the  data  is  discussed. 
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A  new  apparatus  has  been  built  for  measuring  solu- 
bility of  solutes  in  supercritical  fluids  by  direct  injection 
of  saturated  supercritical-fluid  solutions  into  a  high-per- 
formance liquid  chromatograph.  To  test  the  system,  we 
measured  the  solubility  of  solid  naphthalene  in 
supercritical  carbon  dioxide  at  55  C  for  pressures  be- 
tween 6.58  and  10.23  MPa.  The  system  was  designed 
to  operate  at  pressures  and  temperatures  up  to  34 
MPa  and  140  C. 
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This  paper  describes  the  design,  construction,  and  op- 
eration of  an  ultraviolet-visible  light-transmission  cell 
for  high-pressure  fluids.  The  cell  can  be  operated  at 
pressures  as  high  as  70  MPa  and  at  temperatures  up 
to  100  C.  This  instrument  was  specifically  designed  to 
measure  the  solubility  of  solutes  in  supercritical  fluids. 
The  cell  has  an  internal  saturator  and  fluid  circulator 
that  are  easy  to  remove  and  clean.  The  solubility  of 
ferrocene  in  supercritical  carbon  dioxide  was  meas- 
ured in  the  high-pressure  cell  described  here.  At  40  C, 
the  mole  fraction  of  ferrocene  in  carbon  dioxide  in- 
creased from  0.00005  to  0.001 5  as  the  solvent  density 
was  increased  from  5  to  1 7  mol/L. 
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Vapor-liquid  equilibrium  data  extending  to  critical  pres- 
sures are  reported  for  five  mixtures  of  propane  with 
neopentane.  The  data  in  pressure,  temperature,  and 
density  are  correlated  to  high  accuracy  by  the  Leung- 
Griffiths  model  as  modified  by  Moldover,  Rainwater, 
and  co-workers.  In  addition,  a  complete  bibliography 
of  similar  experiments  on  binary  mixtures  from  the  lab- 
oratory of  W.B.K.  is  presented. 
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Electron  trajectories  in  x-ray  photoemission  from  solids 
are  partially  randomized  by  elastic  collisions,  and  thus 
the  angular  distribution  of  photoelectrons  leaving  the 
surface  is  different  from  that  for  isolated  atoms.  This 
problem  is  approached  in  the  present  work  by  exten- 
sive Monte  Carlo  simulations  of  electron  trajectories  re- 
sulting from  photoionization  of  the  gold  4s,  4p(3/2), 
4d(5/2),  and  4f(7/2)  subshells  by  Mg  characteristic  x 
rays.  Calculations  were  made  for  the  full  range  of  an- 
gles of  x-ray  incidence  and  for  all  possible  positions 
of  the  electron  energy  analyzer.  In  comparisons  with 
intensities  predicted  from  the  common  formalism  in 
which  elastic  scattering  is  neglected,  it  was  found  that 
the  elastic-scattering  effects  can  be  accounted  for  with 
two  correction  factors.  These  factors  are,  to  a  large  ex- 
tent, independent  of  experimental  geometry  for  certain 
ranges  of  angles. 
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Grazing  incidence  X-ray  photoemission  spectroscopy 
provides  a  method  of  obtaining  information  about  sur- 
face chemical  composition  as  well  as  the  variation  of 
composition  with  depth.  Photoemission  spectra  are 
taken  as  X-rays  are  directed  onto  a  surface  over  a 
range  of  incidence  angles  near  the  critical  angle  for 
total  external  reflection.  The  technique  is  particularly 
suited  to  the  study  of  surface  layers  in  the  thickness 
range  10-40  A,  using  X-rays  in  the  energy  range  of  1- 
2  keV.  We  have  implemented  the  technique  in  a  geom- 
etry that  minimizes  distortion  of  the  spectral  lineshape 
by  keeping  a  fixed  relationship  between  the  sample 
and  the  electron  spectrometer.  We  present  data  taken 
in  the  laboratory  that  illustrate  its  application  to  the 
study  of  oxide  films  on  Ge.  The  counting  time  for  a 
spectrum  would  be  shortened  considerably  by  imple- 
menting the  method  on  a  soft  X-ray  beamline  at  a  syn- 
chrotron light  source.  We  present  a  method  for  doing 
so  that  retains  the  advantages  of  a  fixed  geometry  be- 
tween the  sample  and  the  electron  spectrometer. 
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The  ideal  gas  thermodynamic  properties  specific  heat 
capacity,  specific  entropy,  and  specific  enthalpy  have 
been  correlated  for  benzene,  toluene,  o-xylene,  m-xy- 
lene,  and  p-xylene  by  a  uniform,  semiempirical  function 
of  temperature.  The  correlation  is  based  on  literature 
values  calculated  from  statistical  mechanics  for  tem- 
peratures up  to  1500  K  for  benzene  and  up  to  3000 
K  for  the  other  molecules.  The  temperature  function 
chosen  is  more  accurate  than  that  used  for  previous 
correlations,  and  can  be  used  in  a  wider  temperature 
range. 
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There  are  several  classes  of  field  variables  used  to  ex- 
tend the  principle  of  critical-point  universality  to  binary 
fluid  mixtures.  In  particular,  one  can  construct  a  field 
variable  with  sufficient  flexibility  to  allow  linearity  in 
composition  along  the  critical  locus  for  the  large  class 
of  binary  systems  with  a  critical  line  which  is  monotonic 
in  temperature.  This  choice  of  hidden  field  variable  has 
been  used  extensively  in  studies  of  vapor-liquid  equi- 
librium, but  a  recent  study  of  an  alternative  class  of 
field  variables  suggests  that  linearity  in  composition 
along  the  critical  locus  cannot,  in  principle,  be  imposed 
exactly.  It  is  demonstrated  that  several  arguments  pre- 
sented by  proponents  of  this  proposition  do  not,  in  fact, 
apply  to  the  field  variable  constructed  in  our  studies. 
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At  thermal  equilibrium  the  momentum  distribution  of 
atoms  in  a  gas  is  usually  assumed  to  be  Maxwellian, 
whether  classically  or  quantally.  However,  if  an  atom 
is  bound  in  a  diatomic  molecule,  the  atom's  momentum 
distribution  is  non-Maxwellian.  This  paper  explores  the 
consequent  singlet  and  pair  particle  distribution  func- 
tions in  a  gas  having  both  unbound  atoms  and  bound 
pairs  of  atoms.  Comment  is  made  on  the  range  of  be- 
havior associated  with  whether  the  chemical  equi- 
librium constant  for  diatom  formation  is  small  or  large. 
Calculations  of  distribution  functions  and  their  mo- 
ments for  atoms  which  are  members  of  dimers  are  pre- 
sented for  some  specific  model  potentials. 
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Pure  rotational  transitions  of  CuH  and  CuD  within  the 
Chi  singlet  Sigma(+)  (upsilon  =  0)  state  were  measured 
over  the  ranges  J(double  prime)  =  1  to  1 0  for  CuH  and 
J(double  prime)  =  2  to  18  for  CuD,  including  both  the 
(63)Cu  and  (65)Cu  isotopes.  The  rotational  parameters 
B(0),  D(0),  H(0),  and  L(0)  were  separately  determined 
for  each  of  the  four  isotopomers  by  least-squares  fitting 
to  the  observed  transitions.  For  (65)CuH,  (63)CuD  and 
(65)CuD,  these  parameters  are  about  two  orders  of 
magnitude  more  accurate  than  those  determined  by 
previous  workers.  Accurate  calculated  frequencies  of 
all  four  isotopomers  which  will  be  useful  in  astronom- 
ical studies  of  CuH  and  CuD  are  given. 
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Rotational  and  fine  structure  transitions  have  been  ob- 
served between  low  rotational  levels  in  the  upsilon  = 
0-3  levels  of  the  OH  Chi  doublet  Pi  state  by  tunable 
far-infrared  spectroscopy.  The  rotational  and  fine  struc- 
ture constants  of  the  ground  state  have  been  refined 
by  least-squares  fitting  to  the  observed  data  in  com- 
bination with  far-infrared  and  microwave  measure- 
ments by  other  authors.  Pressure-induced  frequency 
shifts  with  helium  as  a  buffer  gas  are  also  reported  for 
some  of  the  upsilon  =  0  transitions. 
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The  J  =  0  <—  1  fine-structure  transition  in  atomic  sulfur 
(S  I)  in  its  ground  triplet  P  state  has  been  detected  in 
the  laboratory  by  far-infrared  laser  magnetic  reso- 
nance. The  fine-structure  interval  has  been  measured 
accurately  as  5,322,492.9  +  or  -  2.8  MHz  which  cor- 
responds to  a  wavelength  of  56.325572  +  or  - 
0.000030  micrometers. 
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A  cyclic  polyamine,  3-decyl-1 ,5,8-triazacyclodecane- 
2,4-dione  (N3-cyclic  amine),  was  used  as  the 
ionophore  for  a  dibasic  phosphate-selective  electrode. 
This  electrode  exhibited  a  linear  response  between  1 .0 
micromol/L  and  0.1  mol/L  dibasic  phosphate  activity 
with  a  near-Nernstian  slope  of  approximately  -29  mV 
per  activity  decade.  The  electrode  selectivity  for  diba- 
sic phosphate  over  other  commonly  occurring  anions 
was  evaluated.  A  mechanism  for  the  selectivity  of  the 
electrode  toward  HP04(-2)  ions  is  postulated  to  be  a 
function  of  the  size  and  charge  of  the  N3-  cyclic  amine 
ionophore  relative  to  the  size  and  charge  of  HP04(- 
2)  ions.  The  electrode's  superior  selectivity  and  sen- 
sitivity make  possible  the  direct  measurement  of  phos- 
phate activity  in  a  wide  variety  of  applications. 
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State-resolved  detection  techniques  have  been  used 
to  characterize  the  ultraviolet  photodecomposition  dy- 
namics of  Mo(CO)6  on  Si(1 1 1)  7  X  7  at  100  K.  Details 
of  the  excitation/fragmentation  mechanism  including 
adsorbate  energy  transfer  were  examined  by  measur- 
ing the  cross  sections  and  the  internal  and  translational 
energies  of  the  photoejected  CO  from  submonolayer 
through  multilayer  coverage  regimes.  The  CO  energy 
distributions  are  found  to  be  independent  of  Mo(CO)6 
coverage,  and  can  be  characterized  by  two  compo- 
nents with  markedly  different  mean  energies.  In  con- 
trast to  the  coverage  independence  of  the  measured 
energy  disposal,  the  cross  section  was  found  to  de- 
crease by  a  factor  of  3  from  multilayer  coverages  to 
submonolayer  coverages. 
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The  temperature  of  a  crystal-melt  interface  at  equi- 
librium is  given  by  the  Gibbs-Thomson  equation,  which 
relates  the  interface  temperature  to  the  mean  cur- 
vature of  the  interface.  As  isothermal  cylindrical  crys- 
tal-melt interface  is  subject  to  capillary  instabilities  of 
the  type  originally  studied  by  Rayleigh.  The  depend- 
ence of  this  instability  on  the  materials  properties  of 
the  system  is  described  for  a  two-phase,  single-com- 
ponent system  with  isotropic  surface  energy.  The  ef- 
fect of  radial  temperature  gradients  on  the  instability 
is  also  given.  For  metallic  systems,  the  instability  can 
be  important  at  micrometer-sized  length  scales,  but  be- 
come insignificant  at  macroscopic  (millimeter-sized) 
length  scales.  Heating  the  liquid  causes  stabilization, 
and  the  instability  is  completely  suppressed  for  large 
enough  temperature  gradients  in  the  liquid. 
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An  easily  applied,  physically  motivated  algorithm  for 
determining  the  efficiency  of  Monte  Carlo  simulations 
is  introduced.  The  theoretical  basis  for  the  algorithm 
is  developed.  As  an  illustration,  I  apply  the  method  to 
the  Lennard-Jones  liquid  near  the  triple  point.  We  show 
that  an  acceptance  ratio  of  0.2  is  twice  as  efficient  for 
the  purpose  of  generating  a  satisfactory  sample  as  is 
an  acceptance  ratio  of  0.5.  There  is  a  strong  correlation 
between  the  efficiency  measure  and  the  diffusion  rate 
of  liquid  particles  during  the  simulation.  We  argue  that 
the  optimal  value  of  the  acceptance  ratio  is  calculable 
from  short  Monte  Carlo  simulations.  The  method  is 
very  general  and  is  applicable  to  Monte  Carlo  simula- 
tions involving  arbitrary  potentials. 
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The  sodalite  cage  containing  only  an  electron  as  a 
nonframework  'anion'  is  well  adapted  for  the  study  of 
solvated  'electride'  Wigner  lattices  and  quantitative 
mapping  of  the  intra-  and  intercage  electronic  potential 
surfaces.  In  this  paper  we  report  the  direct  synthesis 
of  anion  free  cage  structures  of  the  form  Na3( 
)(AB04)3(center  dot)nH20  (A:  B  =  AI.Ga:Si.Ge)  as 
possible  precursors  for  sodalite  electride  synthesis.  A 
novel,  low-temperature  sodalite  dehydroxylation  meth- 
od is  presented  for  the  preparation  of  Na3( 
)(AISi04)3(center  dot)4H20  from 

Na4(OH)(AISi04)3(center  dot)1.72H20.  Results  from 
a  neutron  diffraction  study  of  Na3(ZnAs04)3(center 
dot)4H20  give  evidence  of  hydrogen  bonding  between 
the  framework  oxygen  atoms  and  the  Beta-cage  sub- 
structure and  aid  in  explanation  of  analog  unit  cell 
trends.  All  of  the  investigated  sodalites  have  an  or- 
dered array  of  their  framework  tetrahedral  cations  and 
crystallize  in  the  cubic  space  group  P(bar  4)3n,  Z  =  2. 
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Incoherent  inelastic  neutron  scattering  (IINS)  measure- 
ments of  hydrogen  bound  to  Ir6  clusters  in  the 
nanoscale  pores  of  zeolite  NaY  and  similar  clusters  in 
KL  zeolite  are  reported.  On  the  basis  of  hydrogen  up- 
take measurements  and  the  observation  of  peaks  in 
the  IINS  spectra,  we  infer  that  hydrogen  is  bound  to 
the  metal  nanoclusters  in  the  zeolite  pores.  The  IINS 
data  for  both  zeolites  are  similar  and  consistent  with 
the  presence  of  lrH2  species. 
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Mode  polarization  and  energy  spectra  for  the  lattice 
modes  of  poly(p-phenylene  vinylene)  are  obtained  by 
inelastic-incoherent-neutron-scattering  methods.  Ex- 
periments were  performed  on  stretch-oriented,  highly 
crystalline  films  with  time-of-flight  and  filter-analyzer 
spectrometers.  By  measuring  all-hydrogen  and  vinyl- 


ene-deuterated  samples,  we  show  that  almost  all  of  the 
observed  modes  can  be  attributed  to  phenylene  mo- 
tions. The  low-energy  features  in  the  vibrational  den- 
sity of  states  consist  of  a  longitudinal  2.5-meV  mode 
assigned  to  a  damped  translational  motion  along  the 
chain  axis,  a  7-meV  phenyl  ring  in-phase  librational 
mode  (transverse  with  respect  to  the  chain  axis),  and 
strong  bands  at  15  and  25  meV  showing  mixed  polar- 
ization, the  latter  also  displaying  negative  frequency 
shift  with  increasing  temperature.  Higher-frequency 
modes  are  in  excellent  agreement  with  published  infra- 
red and  Raman  studies,  as  well  as  with  the  results  of 
our  vibrational  analysis  based  on  the  semiempirical 
AM1  method. 
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The  structures  and  cation  ordering  of  several  barium 
bismuth  oxide  phases,  Ba(2+x)Bi(2-x)0(6-y)  (x  =  0.22, 
0.28,  0.40,  0.67),  have  been  determined  at  ambient 
temperature  from  constant  wavelength  and  time-of- 
flight  neutron  powder  diffraction  data.  The  end  member 
of  the  series,  Ba2Bi(lll)Bi(V)06,  has  a  monoclinic  dis- 
tortion of  the  simple  cubic  perovskite  structure  with  an 
ordered  arrangement  of  the  Bi(3+)  and  Bi(5+)  cations 
on  the  B  sites.  When  additional  barium  atoms  are  intro- 
duced into  the  structure,  substitution  of  Ba  for  Bi(lll) 
occurs  to  give  phases  with  the  composition  Ba2((Bi(1- 
x)Ba(x))Bi)06  when  x  <  0.6.  The  monoclinic  structure 
at  x  =  0  changes  first  to  a  rhombohedral  structure  and 
then  to  cubic  as  x  is  increased.  At  x  =  0.67,  the  struc- 
ture remains  cubic  but  the  cation  distribution  changes 
to  give  an  unusual  arrangement,  with  Bi(3+)  cations  on 
the  perovskite  A  sites  and  complete  Ba(2+)/Bi(5+)  or- 
dering on  the  B  sites. 
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Equilibrium  constants  and  standard  molar  enthalpies 
of  reaction  have  been  determined  by  titration 
calorimetry  for  the  reactions  of  1-propanol,  2-propanol, 

1-  butanol,  (R)-(+)-2-butanol,  (S)-(-)-2-butanol,  (+  or  -)- 
butanol,  (R)-(+)-2-pentanol,  (S)-(-)-2-pentanol,  (R)-(+)- 

2-  hexanol,  (S)-(-)-2-hexanol,  (R)-(+)-2-heptanol,  (S)-(- 
)-2-heptanol,  D-phenylalanine,  L-phenylalanine,  and  L- 
phenylalanineamide  with  alpha-cyclodextrin  and  Beta- 
cyclodextrin.  The  standard  molar  Gibbs  energies, 
standard  molar  enthalpies,  and  standard  molar 
entropies  for  these  reactions  correlate  well  with  respect 
to  the  number  of  carbon  atoms  in  the  chemical  formula 
of  the  alcohol  and  form  a  series  of  distinct  curves  for 
the  different  types  of  alcohols.  The  results  are  also  dis- 
cussed in  relation  to  hydrophobic,  steric,  and  charge 
effects  and  the  exchange  reaction  for  a  ligand  from 
alpha-cyclodextrin  to  Beta-cyclodextrin.  With  the  ex- 
ception of  the  results  for  the  standard  molar  enthalpies 
of  reaction  of  the  2-butanols  with  alpha-cyclodextrin, 
the  results  obtained  in  this  study  show  that,  within  the 
indicated  uncertainties,  there  are  no  differences  in  any 
of  the  thermodynamic  quantities  for  the  reactions  of 
these  ligands  with  either  alpha-  or  Beta-cyclodextrin 
due  to  the  change  in  the  location  of  a  hydrogen  atom 
on  an  optically  active  carbon  atom. 
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Isotope-dilution  neutron  spectroscopy  was  used  to  in- 
vestigate the  dynamics  of  the  H  and  D  optic  vibrations 
in  YH2  and  YD2,  respectively.  The  broad,  complex, 
densities  of  states  of  the  tetrahedrally  coordinated  H 
and  D  atoms  in  the  isotopically  pure  materials  collapse 
to  single,  sharp,  triply  degenerate  features  when  the 
H  and  D  atoms  are  sufficiently  diluted  with  their  com- 
panion isotopes.  This  demonstrates  that  the  vibrational 
dispersion  for  the  pure  materials  is  due  to  the  presence 
of  significant  H-H  and  D-D  dynamic-coupling  inter- 
actions. Moreover,  a  spectral  doublet  (with  5-meV  split- 
ting) superimposed  on  the  sharp  D-defect-mode  fea- 
ture for  Y(H(0.9)D(0.1))2  is  suggestive  of  localized 
acoustic  and  optic  branches  of  dynamically  coupled, 
near-neighbor  D-D  pairs  isolated  in  the  predominantly 
hydrided  material.  The  magnitude  of  the  splitting  im- 
plies a  D-D/Y-D  force-constant  ratio  of  about  6%.  The 
dynamics  of  both  light  (H)  and  heavy  (D)  mass  defects 
are  in  general  agreement  with  simple  mass-defect  the- 
ory. 
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The  octahedrally  coordinated  hydrogen  (H(o))  of  the 
superstoichiometric  rare-earth  d'ihydrides  beta-TbH(2 
+  x)(0.03  <  x  <  0.25)  has  been  probed  by  incoherent 
inelastic  neutron  scattering.  The  H(o)  sublattice  ar- 
rangements and  associated  optical  vibrations  are  sen- 
sitive to  the  value  of  x.  For  x  =  0.03  at  low  temperature, 
the  majority  of  the  low-concentration  o-site  hydrogens 
are  isolated  in  a  local  cubic  environment  and  exhibit 
a  relatively  sharp  vibrational  density  of  states  at  80.8 
meV,  in  accord  with  the  presence  of  triply  degenerate 
normal  modes.  In  contrast,  for  x  =  0.25,  a  broad  bi- 
modal  band  peaking  at  about  76.7  and  83.1  meV  is 
evident,  consistent  with  the  type  of  long-range  order 
that  is  known  to  occur  in  the  H(o)  sublattice  at  this  high- 
er concentration.  Increasing  the  temperature  above  the 
long-range  ordering  transition  leads  to  a  more  dis- 
ordered H(o)  sublattice  and  a  density  of  states  similar 
to  that  at  low  values  of  x  but  broadened,  most  likely 
by  the  persistence  of  some  short-range  order. 
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The  vibrational  spectroscopy  of  hydrogen  isotopes  in 
alpha-phase  solid  solution  with  Lu  was  probed  by  inco- 


herent-inelastic-neutron-scattering methods.  Low-res- 
olution spectra  of  H  and  D  located  at  tetrahedral  inter- 
stices are  qualitatively  similar  to  those  of  other  rare- 
earth/hydrogen  alpha  phases,  indicating  a  vibrational 
mode  along  the  c  direction  that  is  about  30%  softer  and 
significantly  broader  than  the  doubly  degenerate  vibra- 
tional modes  in  the  basal  plane.  High-resolution  spec- 
tra of  these  broad  c-axis  vibrations  reveal  a 
temperature-  and  concentration-dependent  line  shape 
believed  to  consist  of  local  acoustic  and  optic  bands 
associated  with  the  dynamical  coupling  of  hydrogen 
atoms  paired  on  either  side  of  a  metal  atom  along  the 
c  direction.  Previous  diffuse-elastic-neutron-scattering 
studies  indicate  the  existence  of  short-range  ordering 
of  these  hydrogen  pairs  into  c-axis-oriented  chains 
possessing  interchain  correlations.  The  shape  and 
width  of  these  bands  at  low  temperature  near  the 
alpha/Beta-phase  boundary  compared  to  those  of  the 
analogous  Sc  and  Y  alpha-phase  systems  suggest  that 
the  extent  of  ordering  in  alpha-LuH(x)  is  intermediate 
with  respect  to  that  in  the  (less  ordered)  alpha-ScH(x) 
and  (more  ordered)  alpha-YH(x)  solid  solutions. 
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A  zonal  plasma  chemical  model  is  proposed  to  account 
for  the  observed  oxidation  and  decomposition  of  sulfur 
hexafluoride  (SF6)  by  a  negative,  point-to-plane  glow- 
type  corona  discharge  in  pressurized  SF6/02/H20  gas 
mixtures.  The  model  yields  dependencies  of  stable 
neutral  oxidation  by-products  such  as  SOF2,  S02F2, 
SOF4,  S2F(10),  and  S02  on  time,  discharge  current, 
and  02  and  H20  concentrations  which  are  consistent 
with  measured  results.  Electron-impact-induced 
dissociation  of  SF6  in  the  glow  region  of  the  discharge 
is  the  decomposition  rate-controlling  process.  The  rel- 
ative roles  played  by  different  reactions  involving  neu- 
tral free  radicals  and  ions  in  different  zones  of  the  dis- 
charge are  examined,  and  in  some  cases,  reaction  rate 
coefficients  have  been  adjusted  within  reasonable  lim- 
its to  give  best  fits  to  observed  production  rates  of  var- 
ious by-products. 
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The  spectrum  associated  with  the  J  =  3  <—  2  transition 
of  OH(1+)  in  the  alpha  singlet  Delta  (nu  =  0)  state  has 
been  observed  by  far  infrared  laser  magnetic  reso- 
nance spectroscopy.  A  new  microwave  discharge 
source  enabled  the  detection  of  this  spectrum,  which 
is  the  first  observation  of  the  rotational  spectrum  of  an 
ion  in  a  metastable  state.  Assignment  and  least- 
squares  fitting  of  the  observed  transitions  have  deter- 
mined the  following  molecular  constants:  B(0)  = 
494.420  388  (22)  GHz,  the  proton  hyperfine  parameter 
alpha  =  74.84  (32)  MHz,  g'(L)  =  1-000  915  (15),  and 
g(r)  =  -  0.001  815  (18),  with  the  1(sigma)  uncertainties 
of  the  last  digits  in  parentheses.  The  relationship  of 
these  parameters  to  the  geometric  and  electronic 
structure  of  OH(1  +)  is  discussed. 
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Neutron  reflectivity  (NR)  was  applied  to  measure  the 
concentration  of  water  at  the  buried  interfaces  between 
polymer  and  silicon  single  crystal  wafers.  In  the  poly-  ; 
imide  samples  excess  water  was  discovered  within  30 
A  of  the  silicon/polymer  interface,  where  the  water  con- 
centration reached  17%  (by  volume)  for  the  samples 
without  a  coupling  agent  and  12%  for  the  ones  with 
a  coupling  agent.  Beyond  the  interface,  the  water  con- 
centration was  measured  at  2-3%,  which  is  typical  of 
bulk  polyimide.  Excess  water  was  also  found  at  the  sili- 
con/epoxy  interface;  more  than  30%  water  was  found 
within  150  A  of  the  interface  in  the  samples  with  their 
interface  precoated  with  a  coupling  agent.  The  equi- 
librium moisture  content  in  bulk  epoxy  used  in  this 
study  is  about  6%.  The  above  results  demonstrate  con- 
clusively the  unique  power  of  NR  in  determining  water 
concentration  near  a  buried  interface,  and  provide  the 
first  quantitative  evidence  for  a  water  concentration 
profile  which  peaks  in  the  interface  region. 
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Single  photon  laser  ionization  time-of-flight  mass  spec- 
troscopy (SPI-TOFMS)  is  used  to  monitor  the  gaseous 
fluxes  of  Ga,  As2,  and  As4,  which  are  relevant  in  mo- 
lecular beam  epitaxy  (MBE)  of  GaAs.  This  noninvasive 
and  real-time  technique  measures  densities,  and 
hence  fluxes,  of  multiple  chemical  species  impinging 
on  or  scattered  from  a  substrate  during  conventional 
MBE.  With  single  photon  ionization  at  118  nm  (10.5 
eV),  the  energy  is  sufficient  to  ionize  the  species,  but 
insufficient  to  ionize  and  fragment.  The  lack  of  molecu- 
lar fragmentation  greatly  simplifies  the  interpretation  of 
mass  spectra.  Additionally,  the  probe  geometry  per- 
mits simultaneous  film  growth  monitoring  using 
RHEED.  Results  will  be  presented  on  the  probing  of 
scattering  and  desorption  of  lll-V  MBE  species  during 
GaAs  growth.  This  technique  promises  to  be  a  valu- 
able in-situ  diagnostic  for  lll-V  and  ll-VI  MBE. 
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Application  of  the  1 1 8  nm  single  photon  laser  ionization 
technique  to  a  molecular  beam  epitaxy  machine  is 
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used  for  the  first  time  to  demonstrate  direct  desorption 
of  As  atoms  from  Si(1 00).  Both  As2  and  As  are  the 
desorbing  species  from  1  ML  of  arsenic  on  silicon 
above  1,000  K.  This  is  in  contrast  to  previously  re- 
ported models  that  considered  only  dimer  desorption. 
With  a  continuous  flux  of  As4,  the  scattered  and 
desorbing  arsenic  species  from  Si(100)  are  examined 
as  a  function  of  surface  temperature  (650-1200  K). 
Atomic  desorption  is  large,  75%  +  or  -  19%,  above 
1,000  K,  and  complete  conversion  of  As4  to  As2  and 
As  occurs  at  1,200  K.  The  species  selectivity  of  laser 
ionization  time-of-flight  mass  spectroscopy  has  broad- 
er implications  for  GaAs  growth. 
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The  0-0  excitation  energy  of  a  singlet  A(g)  state  of  2,2'- 
bithiophene  has  been  determined  by  measuring  the 
two-photon  fluorescence  excitation  spectrum  of  a  di- 
lute solution  of  this  molecule  in  crystalline  n-hexane  at 
77  K.  Because  the  0-0  energy  is  what  would  have  been 
predicted  by  extrapolating  previously  measured  alpha, 
omega-dithienylpolyene  2  singlet  A(g)  0-0  energies  to 
zero  polyene  chain  length,  it  is  assigned  to  the  2  singlet 
A(g)  state.  The  0-0  band  is  centered  at  36,173/cm,  ap- 
proximately 6,570/cm  above  the  0-0  of  the  1  singlet 
A(g)  to  1  singlet  B(u)  transition.  This  order  of 
bithiophene  excited  singlet  states  is  opposite  to  that  of 
the  linear  polyene  with  the  same  number  of  double 
bonds  but  may  reverse  for  chains  longer  than  six  re- 
peat units. 
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We  report  vibrational^  resolved  S(0)  -->  S(1)  excitation 
spectra  and  vibronic  level  decay  times  for  the  phenyl- 
substituted  polyenes  1-phenylbutadiene  and  1- 
phenylhexatriene  seeded  in  supersonic  He  expan- 
sions. This  information  was  obtained  using  one-  and 
two-color  resonance-enhanced  multiphoton  ionization 
techniques.  The  shift  in  the  excitation  energy  of  the 
lowest  excited  singlet  state  upon  deuteration  of  the 
phenyl  ring  demonstrates  that  in  1-phenylbutadiene 
S(1)  is  mainly  an  excitation  of  the  benzene  ring  while 
in  1-phenylhexatriene  S(1)  is  mainly  the  2  singlet  A(g) 
state  of  hexatriene.  Analysis  of  the  excitation  spectrum 
of  1-phenylhexatriene  shows  that  the  spectrum  con- 
tains contributions  from  two  species,  the  trans, trans 
and  the  trans, cis  isomers,  whose  2  singlet  A(g)  state 
excitation  energies  differ  by  about  1 55/cm. 
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A  detailed  kinetic  study  of  silane-germane  glow  dis- 
charges is  presented.  Stable  gas  decomposition  and 
production  rates  have  been  measured  using  mass 
spectrometry  and  a  kinetic  model  for  the  plasma  chem- 
istry is  developed.  It  is  found  that  germane  depletes 
about  four  times  faster  than  silane,  nearly  independ- 
ently of  their  relative  fractions.  Germane  is  found  to  be 
much  more  reactive  than  silane  with  silylene, 
germalyn,  and  atomic  hydrogen,  and  the  silylene-ger- 
mane  reaction  leads  in  large  part  to  film,  rather  than 
stable  gases.  The  spatial  characteristics  of  the  dis- 
charge are  studied,  using  optical  emission  and  fiber 
deposition  profiles.  From  these  it  is  deduced  that  the 
present,  low-power  discharge  operates  in  a  'hybrid' 
alpha-gamma  regime,  and  that  ion  effects  are  impor- 
tant near  the  electrodes. 
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The  S(1)(singlet  B(2u))-S(0)(singlet  A(g))  spectros- 
copy of  p-difluorobenzene-d(4)  (C6D4F2,pDFB-d(4)) 
cooled  in  a  supersonic  free  jet  expansion  has  been 
characterized  by  fluorescence  excitation  (FE)  and  dis- 
persed fluorescence.  The  0(sub  0,  sup  0)  band  lies  at 
36,987  +  or  -  1.0/cm  (vacuum).  The  FE  band  assign- 
ments have  provided  the  values  of  11  S(1)  fundamen- 
tals. The  pattern  of  Franck-Condon  allowed  vibrational 
activity  and  of  vibronically  induced  transitions  is  similar 
to  that  of  pDFB-h(4).  An  exception  concerns  the  a(g) 
mode  nu(4)  that  is  a  prominent  source  of  progressions 
in  d(4)  on  account  of  harmonic  mode  scrambling  but 
inactive  in  h(4).  Bands  involving  an  out-of-phase  mode 
(nu(8))  that  undergoes  large  frequency  change  in 
many  aromatics  upon  formation  of  rare  gas  van  der 
Waals  complexes  have  anomalously  large  intensity 
when  S(1)  overtones  are  excited  but  normal  Franck- 
Condon  intensity  for  S(0)  overtones.  This  singular  be- 
havior occurs  in  both  h(4)  and  d(4).  Four  Fermi 
resonances  have  been  detected. 
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A  new  intermolecular  potential  for  Ar-HCI  is  obtained 
by  fitting  to  results  from  high-resolution  microwave,  far- 
infrared,  and  infrared  spectroscopy.  The  new  potential 
is  substantially  more  accurate  than  any  previous  Ar- 
HCI  potential  and  is  the  first  to  include  the  dependence 
of  the  potential  on  the  HCI  monomer  vibration:  it  is  a 
function  of  the  diatom  mass-reduced  vibrational  quan- 
tum number,  as  well  as  the  intermolecular  distance  and 
angle.  The  functional  form  used  has  19  adjustable  pa- 
rameters, which  are  determined  from  the 
spectroscopic  data.  The  resulting  potential,  designated 


H6(4,3,0),  reproduces  all  of  the  available 
spectroscopic  data  for  levels  of  Ar-HCI  and  Ar-DCI  cor- 
relating with  HCI  nu  =  0  and  1  and  DCI  nu  =  0  and 
1 .  The  trends  in  intermolecular  potentials  for  the  series 
Ar-HF,  Ar-HCI,  and  Ar-HBr  are  discussed. 
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A  new  intermolecular  potential  for  Ar-HF  is  obtained 
by  fitting  to  results  from  high-resolution  microwave,  far- 
infrared,  and  infrared  spectroscopy.  The  new  potential, 
designated  H6(4,3,2)  is  a  function  of  the  diatom  mass- 
reduced  vibrational  quantum  number,  as  well  as  the 
intermolecular  distance  R  and  angle  theta,  and  has  22 
adjustable  parameters.  It  reproduces  all  of  the  avail- 
able spectroscopic  data  for  levels  of  Ar-HF  correlating 
with  HF,  nu  =  0,  1,  and  2,  and  DF,  nu  =  0  and  1.  The 
H6(4,3,2)  potential  is  qualitatively  similar  to  previous 
potentials,  with  a  linear  Ar-H-F  equilibrium  geometry 
and  a  secondary  minimum  at  the  linear  Ar-F-H  geom- 
etry. Predictions  of  additional  spectroscopic  properties 
that  would  test  the  new  potential  are  given,  including 
far-infrared  and  overtone  spectra  of  Ar-DF  and  dipole 
moments  of  excited  states  of  Ar-HF  and  Ar-DF. 
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The  cooperative  diffusion  coefficient  D(c)  for  spherical 
particle  suspensions  is  calculated  using  a  'mode-cou- 
pling' method  which  extends  previous  calculations  of 
D(c)  for  critical  fluids  and  semidilute  polymer  solutions. 
The  renormalization  of  the  viscosity  in  the  velocity-ve- 
locity correlation  function  from  the  solvent  to  the  sus- 
pension viscosity  leads  to  a  generalized  Stokes-Ein- 
stein (SE)  equation  in  which  the  suspension  viscosity 
eta  replaces  the  solvent  viscosity  eta(0)  and  the  cor- 
relation length  xi  (related  to  the  osmotic  compress- 
ibility) replaces  the  sphere  radius  R  at  nonvanishing 
suspension  concentrations.  Insertion  of  the  leading 
order  hard  sphere  virial  expansions  for  eta  and  the  os- 
motic compressibility  into  our  generalized  SE  equation 
gives  a  virial  expansion  for  D(c)  which  is  consistent 
with  theoretical  estimates  obtained  by  alternative 
methods.  These  leading  order  virial  expansions  are 
also  consistent  with  experiments  on  model  ('hard 
sphere')  suspensions.  Results  are  given  for  the  virial 
expansion  of  spherical  liquid  droplets  interacting  via  a 
contact  attractive  interaction.  Further  experiments  are 
required  to  test  the  generalized  SE  equation  at  higher 
suspension  concentrations. 
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Single  Photon  Ionization  Time-of-Flight  Mass  Spec- 
troscopy (SPI-TOFMS)  is  used  as  an  in  situ  optical 
characterization  technique  to  monitor  chemical  reac- 
tions occurring  at  semiconductor  surfaces  during  mo- 
lecular beam  epitaxial  (MBE)  growth  by  detecting  gas- 
eous species.  In  this  approach,  118  nm  (10.5  eV)  laser 
photons  are  generated  and  passed  in  front  of  a  semi- 
conductor substrate  in  the  ultra-high  vacuum  (UHV) 
chamber.  Here,  the  photons  ionize  the  gaseous  scat- 
tered and  desorbed  growth  species  which  are  detected 
by  time-of-flight  mass  spectroscopy.  SPI-TOFMS  has 
been  used  to  study  As(n)/Si(100)  desorption  kinetics 
and,  more  recently,  MBE  growth  of  GaAs.  Results  are 
presented  on  the  real-time  monitoring  of  GA(n)  and 
As(n)  growth  species.  Simultaneous  monitoring  of 
growth  with  Reflection  High-Energy  Electron  Diffrac- 
tion (RHEED)  is  also  discussed.  Future  work  includes 
SPI-TOFMS  studies  of  Si  delta-doping  in  GaAs  and 
surfactant-enhanced  epitaxy  of  Ge  on  Si.  SPI-TOFMS 
is  an  in  situ  UHV  optical  probe  used  to  study  the  growth 
chemistry  of  semiconductor  surfaces.  This  non-intru- 
sive, species-specific  real-time  monitor  of  growth  can 
be  applied  to  increase  the  quality  of  device  manufac- 
turing. 
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Near-infrared  vibration-rotation  spectra  of  jet-cooled 
Ar-H20  complexes  are  detected  for  the  first  time  via 
direct  absorption  of  tunable  difference  frequency  infra- 
red radiation  in  a  slit  supersonic  expansion  source. 
Transitions  from  both  the  lowest  para  and  ortho  com- 
plexes are  observed  which  correlate  to  0(sub  00)  and 
1(sub  01)  rotational  levels  of  free  H20,  respectively, 
and  permit  spectroscopic  characterization  of  the  com- 
plex in  both  the  ground  (nu(3)  =  0)  and  asymmetric 
stretch  excited  (nu(3)  =  1)  levels.  Information  obtained 
in  the  study  permits  determination  of  a  two-dimen- 
sional (2D)  angular  potential-energy  surface  of  the 
complex  as  a  function  of  the  H20  orientation. 
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One  of  the  most  exciting  recent  aspects  of  laser  chem- 
istry is  the  ability  to  prepare  highly  aligned,  or  direc- 
tional, reagents  using  the  polarization  of  lasers.  It  is 
now  possible  to  investigate  chemical  processes  with 
directional  control  in  a  variety  of  new  measurements. 
The  results  provide  a  means  of  visualizing  the  impor- 
tant symmetries  of  the  chemical  process  with  unprece- 
dented detail.  Many  mechanistic  interpretations  of 
chemical  transformations  are  built  upon  compelling 
pictures  of  orbital  directionality,  electron  overlap  and 
transfer,  and  symmetry  arguments.  Chemists  can  ex- 


ploit the  methods  of  directional  control  to  verify  these 
pictures  and  to  broaden  our  understanding  of  chemical 
stereospecificity. 
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The  translational-to-vibrational  and  rotational  (T-V.R) 
excitation  of  H20  with  2.2  eV  hydrogen  atoms  is  stud- 
ied by  time-resolved  Fourier-transform  infrared  spec- 
troscopy. Up  to  2900/cm  of  rotational  excitation  is  ob- 
served in  (001),  with  a  strong  preference  for  in-plane 
rather  than  out-of-plane  rotation  for  J  =  or  >  7,  which 
implies  a  unique  collision  process  leading  to  rotational 
alignment. 
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The  high  resolution,  slit  jet  cooled  infrared  nu  =  1  <- 
-  0  methyl  asymmetric  stretch  spectra  of  trans-2- 
butene  and  1-butene  are  reported.  Both  of  these  mol- 
ecules are  singly  unsaturated  butene  chains,  have  30 
vibrational  degrees  of  freedom,  and  yield  nearly  equiv- 
alent vibrational  state  densities  at  CH  stretch  levels  of 
excitation.  The  key  difference  between  these  two  mol- 
ecules is  the  presence  of  a  large  amplitude  C-C-C  skel- 
etal torsional  coordinate  in  1-butene  corresponding  to 
a  low  barrier,  internal  isomerization  pathway  which  is 
completely  absent  in  trans-2-butene.  The  trans-2- 
butene  asymmetric  CH  stretch  (nu  16)  spectrum  is  fully 
discrete  at  0.002/cm  resolution,  and  the  coarse  struc- 
ture readily  assigned  to  zero  order  rovibrational  transi- 
tions in  an  asymmetric  top.  Fragmentation  of  these 
zero  order  transitions  into  spectral  'clumps'  of  fine 
structure  provides  direct  evidence  for  coupling  of  the 
CH  stretch  to  vibrational  bath  states. 
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The  eigenstate-resolved  2nu(1 )  (acetylenic  CH  stretch) 
absorption  spectrum  of  propyne  has  been  observed  for 


J'  =  0-1 1  and  K  =  0-3  in  a  skimmed  supersonic  molecu- 
lar beam  using  optothermal  detection.  Radiation  near 
1.5  micrometers  was  generated  by  a  color  center  laser 
allowing  spectra  to  be  obtained  with  a  full-width  at  half- 
maximum  resolution  of  6  X  10(exp  4)/cm  (18  MHz). 
Three  distinct  characteristics  are  observed  for  the  per- 
turbations suffered  by  the  optically  active  (bright) 
acetylenic  CH  stretch  vibrational  state  due  to  vibra- 
tional coupling  to  the  nonoptically  active  (dark)  vibra- 
tional bath  states. 
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The  applicability  of  powder  diffraction  techniques  to 
structure  determination  has  improved  substantially  in 
recent  times,  but  it  has  only  been  successfully  utilized 
in  the  solution  of  relatively  simple  structures  of  up  to 
29  atoms  in  the  asymmetric  unit.  The  structure 
La3Ti5AI15037,  which  has  60  atoms  in  the  asymmet- 
ric unit,  has  been  solved  using  a  combination  of  syn- 
chrotron X-ray  and  neutron  powder  diffraction.  This 
represents  a  considerable  advance  in  the  size  of  struc- 
ture that  has  been  solved  using  powder  diffraction 
techniques.  The  structure  of  La3Ti5AI15037  consists 
of  small  regions  of  simpler  structure  types  in  the  La/ 
Ti/AI/O  system,  interleaved  to  form  a  complex  3D  net- 
work. 
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Time-integrated,  frequency-resolved  fluorescence 
spectroscopy  has  been  used  to  determine  rates  of 
intramolecular  vibrational  energy  redistribution  (IVR) 
from  the  vibrational  levels  3(sup  I)  (epsilon  (vib)  approx 
=  1,200/cm)  and  3(sup  l)5(sup  I)  (epsilon  (vib)  approx 
=  2,000/cm)  in  both  p-fluorotoluene  and  p- 
fluorotoluene-d(3)  for  comparison  with  each  other  and 
with  comparable  levels  in  p-difluorobenzene.  Methyl 
substitution  increases  the  rate  of  IVR  by  roughly  two 
orders  of  magnitude,  while  deuteration  of  the  methyl 
rotor  produces  at  most  a  small  (two-  to  fourfold)  further 
increase  in  the  rate  of  IVR.  It  is  argued  that  the  IVR 
response  to  methyl  substitution  is  a  consequence  of 
the  methyl  internal  rotation  without  significant  influence 
from  the  methyl  vibrations. 
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The  organization  of  this  review  will  be  as  follows:  In 
Sections  2  and  3,  some  basic  experimental  consider- 
ations are  presented  to  highlight  the  specific  advan- 
tages of  direct  absorption  near  IR  laser  methods,  as 
well  as  the  role  of  pulsed  'slit'  jet  expansions  in  obtain- 
ing the  requisite  path  lengths  and  sensitivities.  In  Sec- 
tion 4,  an  overview  of  van  der  Waals  spectroscopy  of 
rare  gas  hydrogen  halides  is  presented,  illustrating  the 
transition  between  a  nearly  'rigid'  to  a  nearly  'free'  inter- 
nal rotor  dynamics.  In  Section  5,  we  discuss  the  role 
of  large  amplitude  motion  and  intermolecular  orienta- 
tion on  energy  flow  and  bond  breaking  dynamics,  fo- 
cusing on  internal  rotor  predissociation  and  V-V  trans- 
fer between  the  monomer  subunits.  In  Sections  6  and 
7,  we  look  to  two  ongoing  areas  of  investigation  of  larg- 
er clusters.  Section  6  presents  experimental  and  theo- 
retical results  on  the  series  of  Ar(n)-HF  and  Ar(n)-DF 
clusters  (n  =  1,  2,  3  and  4),  addressing  the  n-depend- 
ent  vibrational  red  shifts,  multibody  effects,  and 
intermolecular  vibrational  modes  supported  by  these 
'micromatrices.'  Section  7  describes  recent  explo- 
rations into  the  spectroscopy  and  dynamics  of  (DF)3, 
which  provides  direct  evidence  for  a  cyclic  ring  'struc- 
ture,' and  elucidates  the  hydrogen  bond  breaking  dy- 
namics that  lead  to  ring  opening  on  the  40  psec  time 
scale. 
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A  Rydberg-Klein-Rees  (RKR)-based  method  is  de- 
scribed which  determines  effective  1 D  intermolecular 
stretching  potentials  for  polyatomic  linear  complexes 
from  high  precision  rotational  data  alone.  This  extends 
the  'rotational  RKR'  inversion  method  from 
pseudodiatomic  van  der  Waals  clusters  with  only  two 
nonhydrogenic  atoms  to  much  larger  complexes  with 
several  heavy  atoms.  Sample  inversion  of  rotational 
eigenvalues  generated  from  a  model  1 D  potential  re- 
produces the  model  potential  to  approx  =  or  <  0.13/ 
cm  accuracy  and  correctly  predicts  harmonic  fre- 
quencies, force  constants,  and  dissociation  energies  to 
approx  =  or  <  0.1%.  In  contrast,  the  commonly  used 
'pseudodiatomic'  approximation  lead  to  quite  signifi- 
cant (10%-20%)  errors,  even  for  exact  model  poten- 
tials for  which  these  approximations  were  developed. 
The  method  is  further  tested  on  high  resolution  near 
IR  spectroscopic  data  of  (14)N(14)N-HF,  which  deter- 
mines the  vibrational^  averaged  hydrogen  bond 
stretching  potential  from  3.39  approx  =  or  <  R(cm) 
approx  =  or  <  3.85  A.  The  RKR  data  yield  a  hydrogen 
bond  length  of  R(N-H)  =  2.106  A  (2.079  A)  and  predict 
a  van  der  Waals  stretching  frequency  of  86.9/cm  (90.7/ 
cm)  for  nu(HF)  =  0  (nu(HF)  =  1 ). 
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High  resolution  IR  data  on  weakly  bound  OCOHF  com- 
plexes formed  in  a  slit  supersonic  expansion  reveal  a 
progression  of  extremely  low  frequency  vibrational  lev- 
els associated  with  the  bending  of  the  OCO-HF  hydro- 
gen bond.  In  a  previous  paper  (J  Chem  Phys  93,  7716 
(1990)),  we  presented  a  spectroscopic  analysis  of  the 
fundamental,  combination  and  hot  bands  observed, 
corresponding  to  transitions  between  nu(bend)(sup  I) 
=  0(sup  0),  1(sup  1),  2(sup  0),  2(sup  2),  and  3(sup  1), 
where  nu(bend)(sup  I)  denotes  quanta  of  OCOHF  skel- 
etal bend  excitation  with  I  units  of  vibrational  angular 
momentum.  In  this  paper,  we  analyze  the  rotationally 
resolved  data  in  terms  of  the  rigid  bender  formalism 
of  Hougen,  Bunker  and  Johns  to  determine  an  explicit 
angular  potential,  V(theta),  for  the  OCOHF  complex  in 
both  the  HF  ground  (nu(HF)  =  0)  and  vibrational^  ex- 
cited (nu(HF)  =  1)  state. 
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Rate  coefficients  for  the  reaction  C2H  +  02  are  meas- 
ured from  193  to  350  K  by  using  transient  absorption 
spectroscopy  with  an  infrared  color  center  laser. 
Ethynyl  radicals  are  produced  by  pulsed  laser  photoly- 
sis of  C2H2  in  a  temperature  variable  flow  cell  and  a 
tunable  color  center  laser  probes  the  transient  removal 
of  C2H  in  absorption.  The  rate  coefficient  has  a  slight 
negative  temperature  dependence  over  the  range  1 93- 
350  K,  and  an  expression  is  obtained.  The  lack  of  a 
pressure  dependence  under  our  experimental  condi- 
tions strongly  suggests  that  the  HCCOO*  complex  is 
short  lived  with  respect  to  encountering  a  collision  and 
rapidly  dissociates  to  products  without  competition 
from  collisional  stabilization  to  HCCOO  or  collisionally 
induced  dissociation  to  reactants. 
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High  resolution  IR  overtone  pumping  with  an  injection 
seeded  optical  parametric  oscillator  (OPO)  is  used  in 
conjunction  with  excimer  laser  photolysis  to  investigate 
the  state-resolved  dynamics  of  quantum  state-selected 
van  der  Waals  clusters  in  a  slit  supersonic  expansion. 
The  narrow  band  IR  light  source  (160  MHz,  5  mJ) 
preselects  a  specific  upper  state  via  the  internal  rotor 
band  of  Ar-H20  which  correlates  to  a  transition  in  H20 
monomer.  At  fixed  UV  photolysis  and  probe  wave- 
length, scanning  the  high  resolution  OPO  yields  the 
overtone  action  spectrum  of  Ar-H20  complexes. 
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We  report  the  351  nm  photoelectron  spectra  of  Sb(1- 
),  Sb2(1-),  Sb3(1-),  and  Sb4(1-).  The  electron  affinity 
of  atomic  Sb  is  measured  to  be  1.046(5)  eV.  The 
Sb2(1-)  photoelectron  spectrum  displays  rich  vibra- 
tional and  electronic  structure.  For  the  photoelectron 
spectra  of  Sb3(1-)  and  Sb4(1-),  the  observed  elec- 
tronic structure  is  explained  in  terms  of  recently  re- 
ported ab  initio  calculations.  We  report  photoelectron 
angular  distributions  for  all  of  the  observed  spectra, 
and  find  that  the  autodetaching  resonance  causes  un- 
usual angular  distributions  for  Sb2(1-) 
photodetachment.  Finally,  electron  affinity  trends  for 
group  V  atoms,  dimers,  and  small  clusters  are  dis- 
cussed in  light  of  the  present  study. 
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An  extensive  series  of  near-infrared  absorption  spectra 
are  recorded  for  jet-cooled  (6-14  K)  hydrogen  chloride 
dimer  (HCI)2.  Both  Delta  K(alpha)  =  0  and  Delta 
K(alpha)  =  +  or  -  1  bands  are  observed  for  both  the 
free  (nu(1))  and  bonded  (nu(2))  HCI  stretches;  all  three 
chlorine  isotopomers  (H(35)CI-H(35)CI,H(35)CI- 
H(37)CI,  and  H(37)CI-H(37)CI)  are  observed  and  ana- 
lyzed for  K(alpha)(double  prime)  =  or  <  2.  The  slit  jet 
spectrum  extends  significantly  the  previous  cooled  cell 
infrared  study  of  this  complex  and  provides  a  measure 
of  tunneling  splittings  for  K(alpha)  =  0  and  1  for  each 
of  the  HCI  ground  (nu  =  0)  and  excited  (nu  =  1)  states. 
Mode  specific  vibrational  predissociation  is  observed 
via  analysis  of  the  absorption  line  shapes,  with 
Lorentzian  contributions  to  the  line  profiles  of  Delta 
nu(1)  approx  =  or  <  1.6  MHz  and  Delta  nu(2)  =  5.1 
+  or  -  1.2  (2  sigma)  MHz  full  width  at  half-maximum 
for  nu(1 )  and  nu(2)  excitation,  respectively. 
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The  first  high  resolution  spectra  of  (DCI)2  are  reported 
using  direct  IR  laser  absorption  spectroscopy  in  a  slit 
supersonic  expansion.  The  spectral  data  are  analyzed 
to  obtain  vibrational  frequencies,  rotational  constants, 
and  tunneling  (interconversion)  level  splittings  for 
isotopically  symmetric  (D(35)CI)2  and  (D(37)CI)2,  and 
mixed  D(35)CI-D(37)CI  dimers.  Six  dimer  absorption 
bands  are  observed  and  analyzed  for  both  (D(35)CI)2 
and  D(35)CI-D(37)CI. 
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Both  D-  and  H-bonded  isomers  of  the  mixed  dimers 
formed  between  HCI  and  DCI  are  investigated  via  high 
resolution  infrared  difference  frequency  and  diode 
laser  spectroscopy  in  the  2,885  and  2,064/cm  regions. 
From  an  analysis  of  the  relative  integrated  absorption 
intensities,  the  D-bonded  complex  (i.e.,  HCI-DCI)  is  de- 
termined to  be  more  stable  by  16  +  or  -  4/cm  than  the 
H-bonded  (i.e.,  DCI-HCI)  species.  All  four  chlorine  iso- 
typic combinations  of  the  lower  energy  (HCI-DCI)  com- 
plex are  probed  via  excitation  of  both  HCI  and  DCI 
stretches.  Additionally,  two  chlorine  isotopomers  of  the 
higher  energy  (DCI-HCI)  complex  are  investigated 
through  HCI  excitation.  Compared  to  the  facile  tunnel- 
ing observed  in  both  (HCI)2  or  (DCI)2  complexes, 
these  mixed  dimers  exhibit  more  rigid  behavior  char- 
acteristic of  two  distinct  isomeric  species.  However,  the 
relatively  small  energy  difference  (16  +  or  -  4/cm)  be- 
tween the  two  isomers  still  allows  the  wave  functions 
for  both  species  to  sample  both  the  HCI-DCI  and  DCI- 
HCI  local  minima  on  the  potential  surface. 
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The  atom-radical  reaction  CI  +  C2H5  -->  HCI(nu)  + 
C2H4  is  studied  using  laser  flash  photolysis,  time-re- 
solved Fourier  transform  infrared  emission  spectros- 
copy and  broad  band  infrared  chemiluminescence. 
The  CI  atoms  and  ethyl  radicals  are  produced  from  a 
number  of  different  precursors  using  one  or  two  lasers. 
The  initial  HCI  vibrational  distribution  is  determined. 
The  vibrational  distribution  is  characteristic  of  an  addi- 
tion-elimination mechanism  and  can  be  reproduced 
using  modified  statistical  theories  of  energy  partitioning 
within  the  (C2H5CI)  intermediate.  The  time  evolution 
of  the  HCI(nu  =  4)  emission  is  used  to  estimate  a  rate 
coefficient  for  this  reaction  of  (3.0  +  or  - 1 .0)  X  10(exp 
-10)  cc/molecule/s. 
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Laser-induced  desorption  (LID)  of  In  and  Ga  from 
Si(1 00)  under  ultra-high  vacuum  conditions  is  inves- 
tigated. The  frequency  doubled  532  nm,  2-6  ns  output 
of  a  Nd:YAG  laser  is  focussed  to  0.14  +  or  -  0.03  J/ 
sq  cm  on  the  Si  surface  to  induce  desorption. 
Desorbed  In  or  Ga  atoms  are  detected  by  laser-in- 
duced fluorescence  initiated  by  a  pulsed  dye  laser 
propagating  in  front  of  the  surface.  Adsorbate-en- 
hanced  laser-induced  surface  damage  is  also  ob- 
served; only  0.2  monolayer  of  In  reduces  the  number 
of  laser  pulses  required  to  observe  damage  by  greater 
than  a  factor  of  30. 
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Laser-induced  desorption  (LID)  of  In  and  Ga  from 
Si(1 00)  under  ultrahigh  vacuum  conditions  is  inves- 
tigated. The  frequency-doubled  532  nm,  2-6  ns  output 
of  Nd:YAG  laser  is  focused  to  0.14  +  or  -  0.03  J/sq 
cm  on  the  Si  surface  to  induce  desorption.  Desorbed 
In  or  Ga  atoms  are  detected  by  laser-induced  fluores- 
cence initiated  by  a  second  pulsed  laser  propagating 
in  front  of  the  surface.  LID  occurs  by  thermal 
desorption  with  approximate  desorption  energies  and 
preexponential  factors  in  agreement  with  the  literature 
values  obtained  previously  by  isothermal  desorption 
measurements.  Experiments  at  higher  coverages  sug- 
gest that  desorption  occurs  predominantly  from  the 
two-dimensional  (2D)  adlayer  with  little  desorption  oc- 
curring from  the  adsorbate  islands  directly  into  the  vac- 
uum. The  2D  layer  is  resupplied  by  either  diffusion  out 
of  adsorbate  islands  or  by  diffusion  of  incorporated  ad- 
sorbate out  of  the  bulk.  Adsorbate-enhanced  laser-in- 
duced surface  damage  is  also  observed;  only  0.2 
monolayer  of  In  reduces  the  number  of  laser  pulses 
required  to  observe  damage  by  greater  than  a  factor 
of  30. 


07,052 

PB95-203337       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Single-Photon    Laser    Ionization  Time-of-Flight 
Mass  Spectroscopy  Detection  in  Molecular-Beam 
Epitaxy:  Application  to  As4,  As2,  and  Ga. 
Final  rept. 

P.  G.  Strupp,  A.  L.  Alstrin,  R.  V.  Smilgys,  and  S.  R. 
Leone.  1993,  5p. 
Contract  AFOSR90-0166 

Sponsored  by  Air  Force  Office  of  Scientific  Research, 
Boiling  AFB,  DC. 

Pub.  in  Applied  Optics  32,  n6  p842-846,  20  Feb  93. 

Keywords:  "Molecular  beam  epitaxy,  "Gallium 
arsenides,  "Gallium,  "Arsenic,  Real  time  operations, 


Semiconducting  films,  Gas  ionization,  Far  ultraviolet 
radiation,  Laser  radiation,  Neodymium  lasers,  YAG  la- 
sers, Reprints,  Time-of-flight  mass  spectroscopy. 

Single-photon  laser  ionization  time-of-flight  mass  spec- 
troscopy (TOF-MS)  is  used  to  monitor  fluxes  of  As4, 
As2,  and  Ga,  species  that  are  important  in  molecular- 
beam  epitaxy  of  GaAs.  With  this  technique,  fluxes  of 
multiple  chemical  species  above  a  substrate  can  be 
measured  noninvasively  and  in  real  time  during  con- 
ventional molecular-beam  epitaxy.  Additionally,  the  ge- 
ometry of  the  single-photon  ionization  TOF-MS  permits 
simultaneous  film-growth  monitoring  by  using  tech- 
niques such  as  reflection  high-energy  electron  diffrac- 
tion (RHEED).  Here  gas-phase  arsenic  and  gallium 
beams  are  ionized  by  a  single  118-nm  (10.5-eV)  pho- 
ton and  detected  with  a  TOF-MS.  The  1 18-nm  photons 
are  produced  by  frequency  tripling  355-nm  light  from 
a  pulsed  Nd:YAG  laser  in  Xe.  With  single-photon  ion- 
ization, less  than  0.4%  of  the  As4(1+)  signal  fragments 
to  As2(1+).  Neither  As4(1+)  nor  As2(1+)  fragments  to 
As(1+)  at  118  nm.  The  relative  ionization  probability  of 
As4/As2  at  118  nm  is  approximately  4:1.  This  tech- 
nique promises  to  be  a  powerful  tool  for  analyzing  most 
lll-V  and  ll-VI  molecular-beam  epitaxy  growth  species. 
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Equilibrium  measurements  have  been  performed  on 
the  alpha-chymotrypsin-catalyzed  hydrolysis  reaction 
of  N-acetyl-L-phenylalanine  ethyl  ester  to  (N-acetyl-L- 
phenylalanine  +  ethanol)  with  carbon  tetrachloride, 
dichloromethane,  toluene,  and  aqueous  phosphate 
buffer  as  solvents  for  the  reactants  and  products.  Ap- 
parent equilibrium  constants  were  measured  as  a  func- 
tion of  temperature  for  this  reaction  in  all  four  solvents. 
Calorimetric  measurements  were  also  performed  for 
this  reaction  in  aqueous  phosphate  buffer.  The  rather 
limited  range  of  values  that  was  found  for  the  equi- 
librium constants  is  significant.  The  very  limited 
amount  of  information  available  from  the  literature  is 
also  suggestive  of  the  rule  that  equilibrium  constants 
for  hydrolysis  reactions  in  different  solvents  are  com- 
parable if  the  reaction  refers  to  neutral  species  and  the 
concentration  of  water  is  included  in  the  formulation  of 
the  equilibrium  constant.  Also,  the  standard  molar  en- 
thalpy of  reaction  was  found  to  be  a  linear  function 
(slope  =  313  K)  of  the  standard  molar  entropy  of  reac- 
tion. This  is  indicative  of  an  enthalpy-entropy  com- 
pensation effect. 
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The  infrared  spectrum  of  the  HeC02  van  der  Waals 
molecule  is  recorded  in  the  region  of  the  C02  nu(3) 
asymmetric  stretch  via  direct  absorption  of  a  tunable 
Pb-salt  diode  laser.  HeC02  is  formed  in  a  slit  jet  super- 
sonic expansion;  the  slit  valve  and  the  stagnation  gas 
must  be  precooled  to  -35  C  before  substantial  forma- 
tion of  the  complex  is  observed.  Sixty-six  rovibrational 
transitions  are  recorded  by  exciting  the  nu(3)  asym- 
metric stretch  of  the  C02  monomer  within  the  complex. 
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Forty-three  of  these  transitions  can  be  assigned  using 
internally  consistent  combination  differences  as  a  fa- 
type  band  of  a  T-shaped  asymmetric  rotor.  There  are 
several  indications  that  large  amplitude  motion  is  sig- 
nificant to  HeC02,  including  the  poor  quality  of  the  fit 
to  an  asymmetric  rotor  model  and  the  large  positive 
inertial  defects  of  Delta  =  8.54  and  10.98  u(Angstrom 
squared)  in  the  ground  and  excited  states,  respec- 
tively. However,  a  hindered  rotor  analysis  based  on 
these  inertial  defects  demonstrates  that  the  C02  mo- 
tion within  the  complex  is  far  from  the  free  rotor  limit. 
No  evidence  of  predissociation  broadening  is  ob- 
served, indicating  a  lifetime  for  the  complex  of  tau  > 
6  ns. 
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The  freezing  point  of  aluminum  (660.323  deg.  C)  is  a 
defining  fixed  point  of  the  International  Temperature 
Scale  of  1990  (ITS-90).  Realization  of  this  freezing 
point  is  performed  using  a  fixed-point  cell  containing 
high  purity  (greater  than  or  equal  to  99.9999%  pure) 
aluminum.  The  aluminum  constituting  Standard  Ref- 
erence Material  1744  (SRM  1744)  has  been  evaluated, 
and  certified  as  suitable  for  use  in  the  realization  of  the 
freezing-point  temperature  of  aluminum  for  the  ITS-90. 
Based  on  results  obtained  with  three  fixed-point  cells 
containing  random  samples  of  SRM  1744,  the  plateau 
temperature  of  a  freezing  curve  of  the  SRm  1744  alu- 
minum is  expected  to  differ  by  not  more  than  1  m  deg 
C  from  the  ITS-90  assigned  temperature.  In  the  docu- 
ment, the  methods  used  for  the  construction  of  the  alu- 
minum freezing-point  cells  and  for  the  evaluation  of 
SRM  1744  are  described. 
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A  comprehensive,  detailed  chemical  kinetic  mecha- 
nism was  developed  for  fluorinated  hydrocarbon  de- 
struction and  flame  suppression.  Existing  fluorinated 
hydrocarbon  thermochemistry  and  kinetics  were  com- 
piled and  evaluated.  For  species  where  no  or  incom- 
plete thermochemistry  was  available,  these  data  were 
calculated  through  application  of  ab  initio  molecular  or- 
bital theory.  Group  additivity  values  were  determined 
consistent  with  experimental  and  ab  initio  data.  For  re- 
actions where  no  or  limited  kinetics  was  available, 
these  data  were  estimated  by  analogy  to  hydrocarbon 
reactions,  by  using  empirical  relationships  from  other 
fluorinated  hydrocarbon  reactions,  by  ab  initio  transi- 
tion state  calculations,  and  by  application  of  RRKM  and 
QRRK  methods.  This  report  provides  the 
thermochemical  and  chemical  kinetic  data  used  in  this 
work. 
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The  National  Institute  of  Standards  and  Technology's 
(NIST)  Standard  Reference  Data  Program  provides  re- 
liable, well-documented  data  to  scientists  and  engi- 
neers for  use  in  technical  problem-solving,  research, 
and  development.  This  catalog  lists  published  current 
databases  and  published  data  in  the  National  Standard 
Reference  Database  Series.  This  edition  of  the  catalog 
contains  many  new  databases  and  updates  current 
ones.  These  data  compilations  have  been  subdivided 
into  ten  categories.  Prices  and  ordering  information  are 
located  at  the  back  of  the  document. 
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To  eliminate  possible  confusion  in  the  reporting  of  iso- 
topic  abundances  on  noncorresponding  scales,  the 
Commission  on  Atomic  Weights  and  Isotopic  Abun- 
dances of  the  Internationl  Union  of  Pure  and  Allied 
Chemistry  (IOPAC)  recommended  at  the  IUPAC  37th 
General  Assembly  in  August  1993  at  Libson,  Portugal, 
that  (1)  2H/1H  relative  ratios  of  all  substances  be  ex- 
pressed relative  to  VSMOW  (Vienna  Standard  Mean 
Ocean  Water)  on  a  scale  such  that  2H/1H  of  SLAP 
(Standard  Light  Antarctic  Precipitation)  is  0.572  times 
that  of  VOSMOW;  (2)  13C/12C  relative  ratios  of  all 
substances  be  expressed  relative  to  VPDB  (Vienna 
Peedee  belemnite)  on  a  scale  such  that  13C/12C  of 
NBS-lime-stone  (RM  8544)  is  1.00195  times  that  of 
VPDB;  and  (3)  180/160  ratios  of  all  substances  be  ex- 
pressed relative  to  either  VSMOW  or  VPDB  an  scales 
such  that  180/160  of  SLAP  is  0.9445  times  that  of 
VSMOW. 
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Single  photon  laser  ionization  time-of-flight  mass  spec- 
troscopy (SPI-TOFMS)  is  used  to  monitor  the  gaseous 
fluxes  of  Ga  and  Asn,  during  molecular  beam  epitaxy 
of  GaAs.  This  noninvasive  and  real-time  probe  meas- 
ures densities,  and  hence  fluxes,  of  multiple  chemical 
species  impinging  on  or  scattered  from  a  substrate  dur- 
ing conventional  MBE.  With  single  photon  ionization  at 
118  nm  (10.5  eV,  ninth  harmonic  of  Nd:  YAG  laser), 
the  photon  energy  is  large  enough  to  ionize  the  spe- 
cies, but  insufficient  to  both  ionize  and  fragment.  Re- 
sults will  be  presented  on  the  probing  of  scattering  and 
desorption  of  lll-V  MBE  species  during  GaAs  growth. 


This  technique  promises  to  be  a  valuable  in-situ  diag- 
nostic for  lll-V  and  ll-VI  MBE. 
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For  helium,  the  accuracy  of  calculated  transport  prop- 
erties and  virial  coefficients  based  on  accurate  ab  initio 
potential  now  exceeds  that  of  the  best  measurements. 
The  ab  initio  results  should  be  used  to  calibrate  meas- 
uring apparatus. 
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The  high-resolution  infrared  spectrum  of  the  nu(sub 
HF)  =  2  inversely  maps  to  0  stretch  in  N2-HF  has  been 
recorded  using  direct  absorption  of  tunable  infrared 
light  in  a  slit  jet  spectrometer.  The  ban  origin  is  located 
at  7657.4057  1/cm  red-shifted  93.39  1/cm  from  the 
nu(sub  HF)  =  2  inversely  maps  to  0  origin  of  the  HF 
monomer.  The  changes  in  vibrational  red  shift  with  HF 
stretching  quanta  provide  explicit  information  on  the 
coupling  between  the  high-frequency  (i.e., 
intramolecular)  and  low-frequency  (i.e.,  intermolecular) 
degrees  of  freedom,  which  can  be  understood  with  a 
simple  electrostatic  model.  Additional  evidence  for 
coupling  between  the  low-  and  high-frequency  modes 
is  provided  through  an  analysis  of  the  rotational  con- 
stants. 
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The  authors  test  a  proposed  relation  between  mutual 
diffusion  coefficient  and  viscosity  in  suspensions  which 
is  essentially  identical  to  a  dynamic  mode-coupling  the- 
ory of  diffusion  in  binary  fluid  mixtures  near  a  critical 
mixing  point.  In  contrast  to  conventional  treatments  of 
suspension  hydrodynamics,  this  relation  is  non- 
perturbative  in  the  sense  that  is  not  necessary  to  as- 
sume that  the  volume  fraction  of  suspended  particles 
is  a  small  parameter.  The  mutual  diffusion  coefficient 
was  then  related  to  the  viscosity  and  osmotic  com- 
pressibility of  the  concentrated  suspension  relative  to 
the  infinite  dilution  limit.  The  authors  conclude  that  this 
non-perturbative  relation  provides  a  convenient  esti- 
mate of  protein  diffusion  coefficients  as  a  function  of 
protein  concentration. 
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An  algorithm  has  been  developed  for  calculating  the 
gas-gas  critical  line  of  type-Ill  binary  fluid  mixtures  for 
extended  corresponding-states  (ECS)  models.  The  al- 
gorithm searches  for  an  extremum  in  pressure  on  the 
spinodal  curve  of  an  isothermal  pressure-composition 
phase  diagram  of  a  binary  mixture.  The  method  has 
been  applied  to  solutions  of  carbon  dioxide  and  of  ni- 
trogen in  water,  starting  at  the  water  critical  point.  Two 
variants  of  ECS  have  been  tested  for  their  ability  to  rep- 
resent reliable  PVTx  data  in  the  nitrogen-water  mix- 
ture. It  is  demonstrated  that  in  the  latter  system  both 
ECS  variants  produce  an  artifact  in  the  gas-gas  critical 
line  in  the  range  of  0-0.2  mole  fraction  of  nitrogen. 
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Radioactivity  measurements  made  with  the  National 
Bureau  of  Standards/National  Institute  of  Standards 
and  Technology  (NBS/NIST)  Peltier-effect 
microcalorimeter  since  January  1 954  are  reviewed. 
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Molecular  dynamics  simulation  results  are  used  to 
demonstrate  the  existence  of  a  growing  length  in 
supercooled,  fragile  glass-forming  liquids.  This  length 
is  the  longest  wavelength,  propagating  shear  wave  the 
fluid  can  support.  Explicit  results  are  reported  for  an 
equimolar  soft-sphere  mixture.  A  possible  connection 
between  this  length  and  the  size  of  locally  rigid  clusters 
is  discussed. 
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The  use  of  high-resolution  IR  lasers  for  spectroscopic 
detection  and  characterization  of  trace,  weakly  bound 
cluster  species  in  low-density,  jet-cooled  environments 
has  led  to  enormous  program  in  the  study  of  collision 
dynamics,  intermolecular  forces  and  intramolecular  en- 
ergy flow.  As  a  particular  focus  of  this  talk,  direct  ab- 
sorption methods  in  combination  with  slit  supersonic 
expansions  and  crossed  molecular  beams  offer  an  ex- 
tremely general  tool  for  probing  unimolecular  and 
biomolecular  dynamics  with  full  quantum-state  resolu- 
tion. 
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The  interaction  between  two  test  charges,  the  re- 
sponse of  a  solid  to  an  external  field,  and  the  normal 
modes  of  the  solid  can  be  determined  from  a  total  di- 
electric function  that  includes  both  electronic  and  lat- 
tice polarizabilities  as  well  as  local-field  effects.  In  this 
paper  we  examine  the  relationship  between 
superconductivity  and  the  stability  of  a  solid  and  derive 
sum  rules  for  the  electronic  part  of  the  dielectric  func- 
tion. It  is  also  shown  that  there  are  negative 
eigenvalues  of  the  total  static  dielectric  function,  imply- 
ing the  possibility  of  an  attractive  interaction  between 
test  charges.  An  attractive  interaction  is  required  for 
superconductivity. 
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The  principle  of  congruence  claims  that  certain  thermo- 
dynamic and  transport  properties  of  a  mixture  of  n- 
alkanes  are  the  same  as  those  of  the  pure  n-alkane 
of  the  mole-fraction-averaged  carbon  number.  We  dis- 
cuss the  origin  of  the  principle,  and  attempts  at  theo- 
retical justification  and  validation  with  respect  to  experi- 
mental data.  We  demonstrate  that  the  principle  applies 
even  in  cases  where  no  fundamental  justification  ex- 
ists. Whenever  the  principle  applies,  prediction  of  ther- 
modynamic behavior  of  a  mixture  of  n-alkanes  in  inher- 
ently simpler  and  usually  more  accurate  than  that 
based  on  empirical  equations  of  state,  molecular  inter- 
action parameters,  and  mixing  and  combining  rules. 
Our  experimental  verification  serves  to  pinpoint  those 
properties  that  can  be  safely  and  accurately  predicted 
on  the  basis  of  the  principle  of  congruence.  The  solu- 
bility of  hydrogen  in  mixtures  of  long-chain  n-alkanes 
is  used  as  a  prime  example. 
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The  rotational  alignment  of  C02  seeded  in  a  super- 
sonic expansion  is  measured  using  a  general,  direct 
absorption  method  based  on  fast  (75  kHz)  polarization 
modulation  and  phase  sensitive  detection  with  of  a  nar- 
row band  tunable  IR  laser.  The  anisotropic  distribution 
of  bar  M(sub  j)bar  states  is  created  by  a  directed  veloc- 
ity slip  between  the  carrier  gas  and  a  nonspherical 
seed  gas.  Strong  alignment  signals  are  observed  in  a 
pinhole  expansion  that  depend  systematically  on  the 
carrier  gas,  stagnation  pressure,  and  J  state.  In  a  slit 
expansion,  however,  no  alignment  is  detected  for  com- 
parable conditions.  The  observed  effects  are  quite  sig- 
nificant and  occur  at  rather  modest  expansion  condi- 
tions (e.g.,  2.5%  C02  in  He  at  1000  Torr). 
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Neutron  reflectivity  (NR)  was  applied  to  measure  the 
concentration  of  water  at  the  buried  interfaces  between 
an  amorphous  polyimide  and  silicon  single  crystal  wa- 
fers. Excess  water  was  discovered  within  30 
Angstroms  of  the  metal/polymer  interface,  where  the 
water  concentration  reached  17%  (by  volume)  for  the 
samples  without  a  coupling  agent  and  1 2%  for  the  one 
with  coupling  agent.  The  above  results  demonstrate 
conclusively  the  unique  power  of  NR  in  determining 
water  concentration  near  a  buried  interface,  and  pro- 
vide the  first  quantitative  evidence  for  a  water  con- 
centration profile  which  peaks  in  the  interface  region. 
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The  authors  discuss  experimental  observations  of  an 
induced  phase  shift  of  the  rf  signal  produced  in  fre- 
quency-modulated saturated-absorption  measure- 
ments under  the  conditions  of  large  probe-beam  inten- 
sities. This  phase  shift  can  be  understood  in  terms  of 
the  phase  difference  between  the  phase  modulation  of 
the  optical  driving  field  and  the  steady-state  macro- 
scopic polarization  of  the  medium.  The  authors  also 
present  theoretically  calculated  spectra  that  are  based 
on  the  optical  Bloch  equations  and  that  are  in  excellent 
agreement  with  the  experimental  results. 


01.072 

PB96-1 1 1 620       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSTL), 

Gaithersburg,  MD.  Thermophysics  Div. 

Comparison  of  a  Fixed-Charge  and  a  Polarizable 

Water  Model. 

Final  rept. 

R.  D.  Mountain.  1995,  7p. 

Pub.  in  Jnl.  of  Chemical  Physics,  v103  n8  p3084-3090, 
22  Aug  95. 


128 


CHEMISTRY 


Physical  &  Theoretical  Chemistry 


Keywords:  "Hydrogen  bonds,  "Water,  'Mathematical 
models,  "Molecular  structure,  Chemical  bonds,  Pairing 
interactions,  Distribution  functions,  Lifetime,  Density, 
Temperature,  Polarization,  Reprints,  "Molecular  dy- 
namics. 

Molecular  dynamics  simulations  are  used  to  examine 
two  models  for  water.  The  first  model  is  the  fixed- 
charge  model  introduced  by  Stillinger  and  Rahman  and 
the  second  model  is  the  polarizable  model  developed 
by  Dang.  The  site-site,  intermolecular  pair  distribution 
functions  and  the  hydrogen  bond  lifetimes  are  deter- 
mined for  three  fluid  states  for  which  neutron-diffraction 
determined  pair  function  exist.  The  trends  in  the  pair 
functions  and  the  bond  lifetimes  with  decreasing  den- 
sity and  increasing  temperature  for  both  models  are 
similar,  with  the  fixed-charge  model  pair  functions 
changing  more  slowly,  and  the  bond  lifetimes  more 
rapidly  than  those  for  the  polarizable  model. 
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Colloidal  processing  of  silicon  nitride  (Si3N4)  powders 
depends  largely  on  the  control  of  reactions  at  the  solid- 
solution  interface.  The  role  of  dissolved  ions  in  the  sur- 
face chemistry  of  impurities,  contaminants  and  addi- 
tives in  processing  are  discussed.  The  interaction  of 
ions  at  the  solid-solution  interface  was  characterized 
by  particle  electrokinetic  behavior  determined  for 
electroacoustic  measurements  in  moderately  con- 
centrated suspensions.  Ions  were  classified  according 
to  chemical  similarity  and  surface  specificity.  Specific 
adsorption  was  inferred  from  the  movement  of  the 
isoelectric  point  relative  to  the  endemic  native  value. 
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The  crystal  structure  of  calcium  glutarate 
monohydrate,  Ca(C5H604).H20,  has  been  deter- 
mined by  single  crystal  X-ray  diffraction.  The  crystals 
are  orthorhombic  with  a  =  6.805(1)  Angstrom,  b  = 
18.486(2)  Angstrom,  c  =  5.884(1)  Angstrom,  space 
group  P2(sub  1)2(sub  1)2(sub  2),  Z  =  4,  V  =  740.1(2) 
Angstrom(3),  dm  =  1.69,  and  dc  =  1.688  mg/cubic  m. 
The  structure  was  refined  by  the  full-matrix  least- 
squares  techniques  to  R  =  0.01 9,  Rw  =  0.026,  for  1 1 98 
reflections  with  I  greater  than  or  equal  to  3  sigma  (I). 
The  absolute  configuration  was  determined.  Ca  is  co- 
ordinated to  seven  oxygen  atoms  and  the  coordination 
polyhedron  is  best  described  as  pentagonal  bipyramid. 
One  carboxylate  group  of  the  glutarate  ion  is  bonded 
to  three  different  Ca  ions,  forming  a  four-membered 
chelate  ring  with  one  Ca  ion  and  unidentate  bridge 
bonds  to  two  other  Ca  ions.  The  other  axis,  with  the 
hydrocarbon  chains  sandwich  between  the  polar  re- 
gions consisting  of  the  Ca  and  carboxylate  ions  and 
water  molecules. 
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We  have  carried  out  detailed  nonequilibrium  molecu- 
lar-dynamics simulation  studies  of  the  shear-induced 
melting  transition  of  a  model  two-dimensional  solid.  We 
find  that  the  shear  melting  of  the  two-dimensional  soft- 
disk  solid  at  temperture  T=1  and  density  p=1 .03  occurs 
in  two  stages:  (1)  a  transition  from  elastic  to  plastic  be- 
havior takes  place  as  soon  as  any  finite  shear  rate  is 
applied;  (2)  qualitativechanges  in  structural  and  dy- 
namic behavior  occur  near  a  shear  rate  of  gamma  = 
0.07.  For  y  equal  to  or  less  than  0.07,  the  system  pos- 
sesses very  long-range  bond-orientational  correla- 
tions, and  the  instantaneous  static  structure  factor  ex- 
hibits pronounced  sixfold  anisotropy,  with  a  sixfold  pat- 
tern that  rotates  uniformly  with  time  in  response  to  the 
applied  shear.  For  y  equal  to  or  greater  than  0.07,  the 
system  behaves  like  an  ordinary  two-dimensional  liq- 
uid under  shear  in  that  the  ranges  of  translational  and 
bond-orientational  correlations  are  comparable  and  the 
instances  static  structure  factor  does  not  exhibit  per- 
sistent sixfold  anisotropy.  We  discuss  our  results  in 
terms  of  the  two  competingpossibilities  of  a  Kosterlitz- 
Thouless-  Halperin-Nelson-Young  two-stage  melting 
scenario  or  a  single  first-order  melting  transition. 
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Single-photon  ionization  technique  simultaneously  de- 
tects complete  gaseous  species  to  provide  real-time 
feedback  and  control  during  molecular-beam-epitaxial 
crystal  growth. 
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The  microscopic  structure  of  a  microemulsion  of  soy- 
bean oil,  water-ethanol  (80/20  wt  %),  and 
polyoxyethylene(40)  sorbitol  hexaoleats  has  been 
studied  with  small  angle  neutron  scattering.  The  con- 
centrations of  the  three  components  are  varied  such 
that  the  oil-surfactant  ratio  is  constant  and  stable 
microemulsions  are  obtained  in  regions  of  the  phase 
diagram  corresponding  to  bicontinuous  and  L2  phases. 
Small  angle  neutron  scattering  is  measured  as  a  func- 
tion of  concentration  and  temperature  in  order  to  de- 
scribe the  structure  of  the  microemulsions.  The  results 
are  consistent  with  a  biocontinuous  phase  in  the  cases 
of  largest  aqueous  content.  In  the  low  aqueous  con- 
centration samples,  a  substantial  correlation  is  found 
in  the  spatial  distribution  of  this  minority  phase. 


01,078 

PB96-119375       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Thermophysics  Div. 
Measurements  of  the  Relative  Permittivity  of  Liquid 
Water  at  Frequencies  in  the  Range  of  0.1  to  10  kHz 
and  at  Temperatures  between  273.1  and  373.2  K  at 
Ambient  Pressure. 
Final  rept. 

D.  P.  Fernandez,  A.  R.  H.  Goodwin,  and  J.  M.  H. 
Levelt  Sengers.  1995,  25p. 

Pub.  in  International  Jnl.  of  Thermophysics,  v16  n4 
p929-955  1995. 

Keywords:  "Water,  "Dielectric  properties,  Electrical  re- 
sistivity, Audio  frequencies,  Acoustic  measurement, 
Capacitors,  Electrodes,  Polarization,  Correction,  Re- 
prints. 


The  static  relative  permittivity  (dielectric  constant)  of 
water  has  been  determined  from  capacitance  meas- 
urements at  frequencies  between  0.1  and  10  kHz,  in 
the  temperature  range  from  273.2  to  373.2  K  at  ambi- 
ent pressure.  The  capacitor  used  for  these  measure- 
ments was  formed  from  sapphire-insulated  concentric 
cylinders.  The  specific  conductance  of  the  water  used 
was  maintained  within  20%  of  the  lowest  value  ever 
observed,  which  is  better  than  in  all  previous  experi- 
ments in  this  range.  The  new  data  shed  some  light  on 
a  discrepancy  between  sets  of  literature  data  in  liquid 
water  between  the  triple  and  boiling  points. 
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A  novel  electroacoustic  technique  for  the  measure- 
ment of  particle  size  and  charge  in  opaque  suspen- 
sions is  reviewed,  and  a  new  commercial  instrument 
based  on  this  method  is  evaluated  for  applications  to 
ceramic  powder  processing. 
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Appearance  potential  for  ion  produced  by  electron-im- 
pact induced  dissociative  ionization  are  measured.  Ap- 
pearance potentials  are  reported  for  SF5,  SF4,  SF5CI, 
S2F10,  S02,  S02F2,  SOF2,  SOF4. 
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Standards  of  low  electrolytic  conductivity  were  devel- 
oped to  satisfy  the  demands  of  the  U.S.  Navy  and 
American  industry  for  the  measurement  of  high  quality 
water.  The  criteria  for  the  selection  of  appropriate  sol- 
vent and  solutes,  based  on  the  principles  of  equivalent 
conductivity  and  Onsager's  limiting  law,  are  described. 
Dilute  solutions  of  potassium  chloride  and  benzoic  acid 
in  30%  n-propanol-water  have  been  chosen  as  stand- 
ards. The  electrolytic  conductivity  of  both  sets  of  these 
solutions  as  a  function  of  molality  was  determined. 
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Hydrodynamic  similarity  can  be  used  to  calibrate  sim- 
ply and  accurately  an  oscillating-body  viscometer  ot  ar- 
bitrarily complicated  geometry.  Usually,  an  explicit  hy- 
drodynamic model  based  on  a  simple  geometry  is  re- 
quired to  deduce  viscosity  from  the  transfer  function 
of  an  oscillating  body  such  as  a  vibrating  wire  or  a 
quartz  torsion  crystal.  However,  at  low  Reynolds  num- 
bers the  transfer  function  of  any  immersed  oscillator 
depends  on  the  fluid's  viscosity  only  through  the  vis- 
cous penetration  depth.  This  hydrodynamic  similarity 
can  be  exploited  if  the  oscillator  is  over  damped  and 
thus  is  sensitive  to  viscosity  in  a  broad  frequency 
range.  Even  an  osillator  of  poorly  known  geometry  can 
be  characterized  over  a  range  of  penetration  depths 
by  measurements  in  a  fluid  of  known  n  and  p  over  the 
corresponding  range  of  frequencies. 
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Several  highly  accurate  formulations  of  the  thermo- 
dynamic properties  of  water  and  stream  are  inves- 
tigated in  the  regions  of  supercooled,  superheated  and 
stretched  liquid  water.  It  is  shown  that  they  give  consid- 
erably different  locations  for  the  spinodal,  which  dimin- 
ishes the  physical  relevance  of  this  curve.  It  is  argued 
that  nucleation  theories  based  on  local  equilibrium  fail 
long  before  the  spinodal  is  reached.  We  calculate  the 
physical  limit  of  metastability  for  superheated  and 
stretched  water  based  on  the  theory  of  relaxation  of 
metastable  states  of  Patashinskii  and  Shumilo.  For  this 
application  a  crossover  formalism  is  used  to  enable 
calculation  of  the  critical  radius  of  the  nucleus  for  both 
positive  and  negative  pressures.  The  calculated  phys- 
ical limit  of  metastability  agrees  with  the  extrema  of  su- 
perheat, realized  in  homogeneous  states  by  Skripov  et 
al.,  and  of  negative  pressure,  realized  in  homogeneous 
states  by  Zheng  etal. 
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Decomposition  of  SF6  in  electrical  discharges  pro- 
duces many  toxic  solids  and  gases.  S2F10  is  the  most 
toxic  of  the  gaseous  byproducts  and  has  been  found 
in  arcs,  sparks  and  corona.  We  have  conducted  a  se- 
ries of  tests  of  a  power  arc  discharge  contained  com- 
pletely within  a  bus  duct  configuration.  Among  the 
many  other  gaseous  byproducts,  we  have  detected 
S2F10  at  or  below  the  part  per  million  (ppm)  by  volume 
level,  providing  that  S2F10  can  be  formed  directly  by 
a  power  arc  within  SF6-insulated  equipment.  The  rel- 
ative production  rate  of  S2F10  with  respect  to  that  of 
SOF2  and  SF4,  however,  implies  that  S2F10  is  not  a 
significant  contributor  to  the  hazard  of  exposure  to  de- 
composed SF6. 
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A  brief  review  of  the  results  of  a  number  of  molecular 
dynamics  simulations  of  glass  forming  model  systems 
is  presented.  A  method  for  determining  the  ergodic 
convergence  time  is  described.  The  results  indicate 
that  relaxation  of  dynamical  correlations  occurs  over 
many  time  scales.  The  characterization  of  relevant 
length  scales  is  not  well  understood.  Some  sugges- 
tions for  further  studies  are  presented. 
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Cast  epoxy  resin  materials  are  commonly  used  in  insu- 
lating spacers  of  gas-insulated  high-voltage  power  sys- 
tems. It  has  been  showed,  that  the  discharge-induced 
decrease  in  surface  resisitivity  is  responsible  for  dra- 
matic changes  in  the  stochastic  behavior  of  the  elec- 
trical discharge.  In  the  present  work,  the  nature  of  par- 
tial-discharge (PD)  induced  damage  to  cast  epoxy 
resin  surfaces  has  been  investigated  in  more  detail 
using  various  techniques  to  examine  surface  rough- 
ness and  morphology,  as  well  as  resistivity.  The  effect 
of  generating  PD  in  gases  other  than  air,  such  as  SF6, 
N2,  and  N2/02  mixtures,  was  also  examined. 
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The  interactions  of  slow  electrons  with  molecules-es- 
pecially  the  processes  of  electron  attachment-depend 
rather  strongly  on  the  internal  energy  content  of  the 
molecules  themselves.  As  a  rule,  excited  molecules 
interact  with  slow  electrons  with  substantially  larger 
cross  section  than  do  ground-state  molecules.  1-5 
Studies  of  electron  attachment  to  vabrationally/ 
rotationally  excited,  'hot',  molecules  1,3,5-18  and  es- 
pecially to  electronically  excited  molecules  1,3,4,1 9-24 
are  rather  recent,  in  contrast  to  the  extensive  studies 
on  electron  attachment  to  ground-state  molecules 
which  cover  many  decades  6,25,26. 
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The  lines  are  traced  from  the  early  international 
cooperational  necessary  for  efficient  design  of,  and 
global  trade  in  turbines,  boilers  and  heat  exchangers 
for  power  generation,  to  the  past  and  current  forms  this 
cooperation  assumes  in  the  International  Association 
for  the  Properties  of  Water  and  Steam  (IAPWS).  The 
mutually  enriching  interaction  of  IAPSW  and  the  sci- 
entific world  will  be  illustrated  by  several  examples, 
taken  from  the  fields  of  critical  phenomena,  molecular 
simulation,  and  supercritical  fluids.  The  acceptance  of 
IAPWS  formulations  of  steam  and  water  properties  of 
de  facto  world  standards  for  many  other  applications 
besides  power  generation  is  a  consequence  of  lAPW's 
firm  commitment  to  excellence.  lAPWS's  branching  out 
to  impure  water  and  steam,  necessitated  by  the  threat 
impurities  pose  to  the  components  of  power  plants,  has 
led  to  fruitful  interactions  with  aqueous  physical  chem- 
istry and  geochemistry,  and  may  help  reach  a  new  syn- 
thesis in  the  science  and  engineering  of  reactive 
supercritical  fluid  mixtures. 
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Recent  aspects  of  fundamental  processes  in  gas  dis- 
charges are  discussed.  These  include  the  effect  of  in- 
ternal energy  of  excitation  of  atoms  and  molecules  on 
their  interactions  with  slow  electrons,  the  effect  of 
tempearture  on  electron  attachment  and  detachment 
processes,  photodissociation  of  molecules  and 
photodetachment  of  anoins,  and  interactions  involved 
in  discharge  byproduct  formation  and  discharge 
diagnostics.  Referecne  is  also  made  to  fundamental 
processes  in  gas  discharge  materials  used  in  plasma 
processing. 

01,090 

PB96-1 23559       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSTL), 

Gaithersburg,  MD.  Thermophysics  Div. 

Static  Dielectric  Constant  of  Water  and  Steam. 

Final  rept. 

D.  P.  Fernandez,  A.  R.  H.  Goodwin,  R.  C.  Williams, 
S.  G.  Penoncello,  Y.  Mulev,  and  J.  M.  H.  Levelt 
Sengers.  1995,  8p. 

Pub.  in  Proceedings  of  the  International  Conference  on 
the  Properties  of  Water  and  Steam  (12th),  Orlando, 
FL,  September  9-16, 1994,  p109-1 16  1995. 

Keywords:  'Dielectric  properties,  'Steam,  'Water,  Ex- 
perimental data,  Data  correlation,  Data  bases,  Re- 
prints, Relative  permittivity. 

All  relevant  static  dielectric  constant  data  for  water  and 
steam  have  been  collected  and  evaluated,  and  will  be 
made  available  in  print  and  in  computerized  form.  A 
new  formulation  of  the  static  dielectric  constant  or  rel- 
ative permittivity  of  water  and  stream  has  been  devel- 
oped. It  is  based  on  the  ITS-90  temperature  scale,  and 
uses  a  new  fundamental  equation  for  water  and  steam, 
likewise  based  on  this  scale.  It  also  includes  our  re- 
cently obtained  dielectric  constant  data  in  liquid  water 
and  in  saturated  steam.  The  new  formulation  ranges 
from  -45  to  +  600  degrees  C  in  temperature,  and  from 
0.1  to  1189  MPa  in  pressure.  It  is  based  on  the  dipole 
correlation  or  g-factor  of  Alder  and  Harris,  and  formu- 
lates this  factor  with  10  adjustable  coefficients  and  as- 
sociated powers  of  reduced  density  and  inverse  re- 
duced temperature. 
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Incoherent  inelastic  neutron  scattering  spectroscopy 
was  used  to  characterize  the  optic-vibrational  density 
ot  states  (DOS)  of  the  octahedrally  coordinated  deute- 
rium (Do)  and  hydrogen  (Ho)  atoms  in  LaD2.25, 
LaH2.25,  and  LaH2.03.  The  DOS  exhibits  a 
temperature-  and  concentration-dependent  behavior 
consistent  with  that  oserved  previously  for  the  analo- 
gous beta-TbH2+x  system.  At  low  temperature,  the  Ho 
DOS  for  LaH2.03  is  fairly  sharp  with  minor  spectral 
sidebands,  indicating  that  the  Ho  atoms  are  predomi- 
nantly isolated,  with  some  atoms  residing  in  short- 
range-order  domains.  Increasing  the  Ho  (or  Do)  con- 
centration to  LaH2.25  (or  LaD2.25)  yields  a  dispersion- 
broadened  bimodal  DOS  characteristic  of  the  Ho  (or 
Do)  14/mmm  long-range  order  that  develops  in  the  oc- 
tahedral sublattice  at  low  temperatures  and  these  high- 
er Ho  (or  Do)  concentrations.  For  LaH2.25  at  higher 
temperature  (340  K),  a  broad,  somewhat  asymmetric 
DOS  is  suggestive  of  an  Ho  sublattice  that  is  now 
largely  disordered  yet  still  possesses  some  degree  of 
short-range  order. 
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Mass-resolved  ion  kinetic  energy  distributions  are 
measured  for  radio-frequency  (rf)  discharges  sus- 
tained in  helium,  nitrogen,  and  oxygen  in  a  parallel- 
plate  plasma  reactor.  The  dominate  ions  for  each  of 
the  gases  are  observed  to  be  the  parent  ions  He+, 
N2+,  and  02+,  respectively  over  a  wide  range  of  pres- 
sures (1.3  to  67  Pa)  with  an  applied  rf  voltage  of  200 
V.  Ion  kinetic-energy  distributions  at  the  grounded 
electrode  were  measured  for  these  ions,  as  well  as  for 
less  abundant  ions,  such  as  He2+,  N+,  N2H+,  N3+, 
N4+.0+,  and  3+. 
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The  rates  for  production  of  the  compounds  S2F1 0,  and 
S2OF10,  and  S2O2F10  have  been  measured  both  in 
spark  and  continuous,  constant-current  (40  micro  A) 
negative  glow  corona  discharges  generated  using 
point-to-plane  electrode  gaps  in  'pure'  SF6  and  SF6/ 
02  gas  mixtures  containing  different  relative  amounts 
of  oxygen,  up  to  10  percent.  The  measurements  were 
performed  for  the  total  gas  pressures  in  the  range  of 
100  to  200  kPa,  and  the  SF6  discharge  byproduct  con- 
centrations were  mesured  using  a  gas  chromatograph- 
mass  spectrometric  technique  and  a  cryogenic  enrich- 
ment chromatographic  technique,  respectively,  for  the 


corona  and  spark  experiments.  When  02  is  added  to 
the  gas,  there  is  a  dramatic  drop  in  the  S2F10  yield 
from  the  coma  discharge.  The  results  can  be  explained 
within  the  framework  of  a  plasma-chemical  model  from 
considerations  of  the  competition  among  reactions  of 
SF,  radicals  produced  by  dissociation  of  SF6  in  the  dis- 
charge with  SF5  itself  as  well  as  with  02  and  O,  and 
the  relative  degree  of  02  dissociation  in  the  two  types 
of  discharges. 
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The  utility  of  using  the  Zimm  plot  and  its  analogs,  the 
Debye  and  Berry  plots,  as  a  sensitive  means  of  deter- 
mining the  degree  of  polydispersity  present  in  solutions 
of  surfactant  aggregates  such  as  vesicles  or  micelles 
is  conclusively  demonstrated.  These  methods  of  inter- 
preting the  excess  scattered  light  intensity  due  to  the 
surfactant  aggregates  lead  to  the  determination  of  the 
weight-average  molecular  weight  (Mw)  and  z-average 
mean  square  radius  ((r2  sub  g)  z),  or  radius  of  gyration, 
of  the  surfactant  aggregates.  These  two  parameters 
are  very  sensitive  to  any  polydispersity  which  is 
present  in  the  aggregate  solution,  since  these  two  ex- 
perimentally determined  quantities  represent  different 
moments  of  the  aggregate  size  distribution.  For  a  given 
geometric  model,  apparent  surfactant  aggregate  struc- 
tural parameters,  such  as  the  radius  and  wall  thickness 
in  the  case  of  surfactant  vesicles,  can  be  calculated 
under  the  assumption  of  monodisperse  aggregates 
from  (r2  sub  g)z  and  Mw  determined  from  a  Zimm  or 
Debye  analysis  of  static  light  scattering  spectra. 
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In  the  paper,  the  authors  present  results  of  by-product 
formation  in  gaseous  SF6  exposed  to  high-energy  X- 
rays.  The  identity  and  concentration  of  the  decomposi- 
tion by-products  are  determined  by  gas 
chromotography/mass  spectrometry  techniques  that 
were  developed  to  investigate  the  decomposition  of 
SF6  exposed  to  corona  discharges.  The  production 
curves  of  SOF2  and  S2F10  are  determined  for  a  range 
of  SF6  gas  pressures,  X-ray  energies,  and  X-ray 
fluxes.  Evidence  for  the  presence  of  other  by-products, 
such  as  SOF4,  S02F2,  and  S2O2F10  is  also  pre- 
sented. The  decomposition  data  for  the  SF6  exposed 
to  X-rays  are  compared  with  previously  published  data 
for  SF6  exposed  to  corona  discharges. 
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The  authors  have  measured  the  temperature  depend- 
ence of  the  peak  position  and  linewidth  of  the  42.5  meV 
phonon  branch  in  a  twinned  single  crystal  of 


BYa2Cu20-  as  a  function  of  wave  vector  q.  In  the 
(100)/(010)  direction  in  the  Brillouin  zone,  considerable 
softening  and  broadening  occur  below  the 
superconducting  transition  temperature  Tc  at  some 
values  of  q.  The  authors  observe  an  order  of  mag- 
nitude smaller  softening  and  no  linewidth  broadening 
forq  in  the  (110)/(110)  direction.  Possible  implications 
of  these  findings  for  the  symmetry  of  the 
superconducting  order  parameter  are  discussed. 
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The  technique  of  external  reflection  infrared  (IR)  spec- 
troscopy is  used  to  study  silicon  surface  chemistry.  Ex- 
ternal reflection  is  enhanced  by  implanting  a  buried  co- 
balt silicide  layer  in  silicon  to  act  as  an  infrared  reflec- 
tor. The  preparation  of  clean  well-ordered  surfaces 
from  the  ion  implanted  substrates  is  demonstrated. 
The  reactions  of  water  and  ethanol  with  Si(1 00)  are  in- 
vestigated. 


01,098 

PB96-1 40397       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Boulder,  CO.  Optoelectronics  Div. 
Dielectric  Spectroscopic  Determination  of  Tem- 
perature Behavior  of  Electroclinic  Parameters  in 
the  Liquid  Crystal  W317. 
Final  rept. 

P.  A.  Williams,  and  N.  A.  Clark.  1995,  5p. 

Pub.  in  Jnl.  of  Applied  Physics,  v78  n1  p413-417  Jul 

95. 

Keywords:  "Liquid  crystals,  Electric  fields,  Spectros- 
copy, Free  energy,  Reprints,  "Electroclinic  effect, 
W317  liquid  crystal. 

We  report  measurements  of  the  temperature  behavior 
of  the  electroclinic  coupling  coefficient  c(T)  and  the  in- 
verse tilt  suscepitbility  A(T),  the  principal  phenomeno- 
logical  parameters  determining  the  magnitude  of  the 
electroclinic  effect  in  the  chiral  smectic  A  phase  of  the 
liquid  crystal  W317,  a  material  which  exhibits  an 
anomalously  large  electroclinic  effect  with  unusual 
thermal  behavior.  We  find  that  c(T)  decreases  by  ap- 
proximately 30  percent  in  response  to  a  40  degrees 
C  increase  in  temperature.  A(T)  exhibits  a  mean  field 
behavior  at  high  temperature,  increasing  by  a  factor  of 
3  as  temperature  is  increased  over  the  range  40  de- 
grees C  less  than  T  less  than  65  degrees  C.  However, 
below  approximately  40  degrees  C,  A(T)  becomes 
nearly  independent  of  temperature  over  a  approxi- 
mately 10  degrees  C  range  around  temperature.  This 
A(T)  behavior  has  not  been  previously  found  in 
electroclinic  materials. 
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The  crystal  structure  of  Ca10K4(P2O7)6.9H2O  has 
been  determined  by  single  crystal  X-ray  diffraction. 
Crystal  are  hexagonal,  space  group  P6(sub  3)cm  with 
a  =  1 1 .76(1 ),  c  =  9.7701  (1 )  Angstroms,  and  Z  =  1 .  The 
structure  was  refined  to  R  =  0.028  and  Rw  =  0.037  for 
468  reflections  with  I  greater  than  or  equal  to  3 
sigma(l).  The  structure  consists  of  a  compact  assem- 
bly of  Ca  and  P207  ions  arranged  in  layers  per- 
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pendicular  to  the  c-axis  in  a  hexagonal  array  large 
open  channels  along  the  c-axis.  The  K  ions  and  the 
water  molecules  are  located  in  these  open  channels 
and  are  disordered. 
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An  x-ray  scattering  study  of  electroclinic  layer  constric- 
tion verifies  the  interpretation  of  the  electroclinic  effect 
as  field-induced  molecular  tilt.  The  tilt  angles  deduced 
from  the  layer  spacing  changes  are  in  close  agreement 
with  those  from  optical  measurements.  Layer  buckling, 
a  consequence  of  the  layer  constriction,  is  also  ob- 
served and  may  be  the  cause  of  the  loss  of  optical  con- 
trast observed  in  electroclinic  devices. 
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The  rotational-torsional  spectrum  of  the  trans  rotational 
isomer  of  ethyl  alcohol  was  investigated  in  the  65-350 
GHz  frequency  region.  A  total  of  481  ground  state  tran- 
sitions over  a  range  of  J  and  Ka  values  up  to  33  and 
10,  respectively,  were  measured  and  assigned. 
Doublets  or  triplets  arising  from  the  A  and  E  torsional 
states  of  the  v=0  torsional  level  of  the  three-fold-sym- 
metric methyl  internal  rotation  have  been  resolved  in 
168  of  these  transitions.  Internal  rotation  theory  pre- 
dicts a  significant  number  of  c-type  E-state  transitions 
normally  forbidden,  but  allowed  when  the  rotational 
symmetry  operators  mix  E-state  rotational-torsional 
levels.  Over  40  of  these  transitions  have  been  ob- 
served. The  newly  measured  transitions,  along  with  the 
results  of  many  previous  measurements,  have  been 
analyzed  using  an  IAM  internal  rotation  Hamiltonia  and 
a  Watson  A-reduced  Hamiltonias  to  determine  the  ro- 


tational, centrifugal  distortion,  and  torsional  constants. 
(Copyright  (c)  1995  American  Institute  of  Physics  and 
American  Chemical  Society.) 
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All  reliable  sources  of  data  for  the  static  dielectric  con- 
stant or  relative  permittivity  of  water  and  steam,  many 
of  them  unpublished  or  inaccessible,  have  been  col- 
lected, evaluated,  corrected  when  required,  and  con- 
verted to  the  ITS-90  temperature  scale.  The  data  ex- 
tend over  a  temperature  range  from  238  to  873  K  and 
over  a  pressure  range  from  0.1  MPa  up  to  1 189  MPa. 
The  evaluative  part  of  this  work  includes  a  review  of 
the  different  types  of  measurement  techniques,  and 
the  corrections  for  frequency  dependence  due  to  the 
impedance  of  circuit  components,  and  to  electrode  po- 
larization. It  also  includes  a  detailed  assessment  of  the 
uncertainty  of  each  particular  data  source,  as  com- 
pared to  other  sources  in  the  same  range  of  pressure 
and  temperature.  Both  the  raw  and  the  corrected  data 
have  been  tabulated,  and  are  also  available  on 
diskette.  A  comprehensive  list  of  references  to  the  lit- 
erature is  included.  (Copyright  (c)  1 995  American  Insti- 
tute of  Physics  and  American  Chemical  Society.) 
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In  the  present  study,  the  primary  interactions  of  x-rays 
with  isolated  atoms  from  Z  =  1  (hydrogen)  to  Z  =  92 
(uranium)  are  described  and  computed  within  a  self- 
consistent  Dirac-Hartree-Fock  framework.  This  has 
general  application  across  the  range  of  energy  from  1- 
10  eV  to  400-1000  keV,  with  limitations  (described 
below)  as  the  low-  and  high-energy  extremes  are  ap- 
proached. Tabulations  are  provided  for  the  f1  and  f2 
components  of  the  form  factors,  together  with  the  pho- 
toelectric attenuation  coefficient  for  the  atom,  micro, 
and  the  value  for  the  K-shell,  microk,  as  functions  of 
energy  and  wavelength.  Also  provided  are  estimated 
correction  factors  as  described  in  the  text,  conversion 
factors,  and  a  simple  estimate  for  the  sum  of  the  scat- 
tering contributions  (from  an  isolated  atom).  The  meth- 
od used  herein  is  primarily  theoretical  and  considers 
intermediate  assumptions  which  limit  the  precision  and 
applicability  of  previous  theoretical  tabulations.  Par- 
ticular concern  involves  the  application  of  the  disper- 
sion relation  to  derive  Re(f)  from  photoelectric  absorp- 
tion cross-sections. 
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An  expanded  and  revised  compilation  on  the  reactivity 
of  singlet  oxygen,  the  lowest  electronically  excited 
singlet  state  of  molecular  oxygen,  10(star)2(1deltag), 
in  fluid  solution  is  presented,  which  supersedes  the 
publication  of  Wilkinson  and  Brummer,  J.  Phys.  Chem. 
Ref.  Data  1 0,  809  ( 1 981 ).  Rate  constants  for  the  chem- 
ical reaction  and  physical  deactivation  of  singlet  oxy- 
gen available  through  1993  have  been  critically  com- 
piled. Solvent  deactivation  rates  (kd)  are  tabulated  for 
1 45  solvents  or  solvent  mixtures  and  second-order  rate 
constants  for  interaction  of  singlet  oxygen  with  1915 
compounds  are  reports.  (Copyright  (c)  1995  American 
Institute  of  Physics  and  American  Chemical  Society.) 
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Recommended  thermochemical  property  values, 
delta(f)H(deg),  delta(f)G(deg)  and  S(deg)  for  the  aque- 
ous ion  of  barium,  Ba2+,  are  given  at  298.15  K  in  SI 
units.  The  values  are:  delta(f)H(deg)  =  -534.64  plus  or 
minus  1 .80  kJ.mol(-1 ),  delta(f)G(deg)  =  -557.60  plus  or 
minus  1 .81  kJ.mol(-1 )  and  S(deg)  =  8.80  plus  or  minus 
0.50  J-K(-1)  mol(-1).  They  are  consistent  with  the 
CODATA  Key  Values  for  Thermodynamics.  The  eval- 
uation involves  the  analysis  of  the  enthalpy  changes, 
Gibbs  energy  changes,  and  the  entropy  measure- 
ments for  all  key  substances  in  the  key  network.  A  con- 
sistent set  of  thermochemical  property  values  is  given 
for  BaO(cr),  BaH2(cr),  BaCI2(cr),  BaCI2.2H20(cr), 
Ba(N03)2(cr),  and  BaC03(cr,  witherite),  as  well  as  re- 
constituted recommended  process  values  with  uncer- 
tainties for  reactions  involving  these  substances. 
(Copyright  (c)  1995  American  Institute  of  Physics  and 
American  Chemical  Society.) 
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Kinetic  data  for  transient  metal  species  in  aqueous  so- 
lution have  been  critically  reviewed.  The  compilation 
covers  over  2000  measurements  of  rate  constants  in- 
volving 660  metal  ions  and  metal  complexes  from 
Groups  4-15;  lanthanides  and  actinides  are  not  in- 
cluded. Most  of  the  data  have  been  obtained  by  the 
methods  of  pulse  radiolysis  or  flash  photolysis.  Data 
have  been  collected  from  500  publications  through 
1993.  (Copyright  (c)  1995  American  Institute  of  Phys- 
ics and  American  Chemical  Society.) 


01,110 

PB96-145867       Not  available  NTIS 

Akademiya  Nauk  SSSR,  Moscow.  Inst.  Vysokikh 

Temperatur. 

Ideal  Gas  Thermodynamic  Properties  of  Sulphur 
Heterocyclic  Compounds. 

O.  V.  Dorofeeva,  and  L.  V.  Gurvich.  c1995,  25p. 
Included  in  Jnl.  of  Physical  and  Chemical  Reference 
Data,  v24  n3  p1 351 -1376  May/Jun  95.  Available  from 
American  Chemical  Society,  1155  Sixteenth  St.,  NW, 
Washington,  DC.  20036-9976. 

Keywords:  'Thermodynamic  properties,  Molecular 
structure,  Reprints,  'Sulphur  heterocyclic  compounds, 
Vibrational  frequencies. 

The  available  structural  parameters,  fundamental  fre- 
quencies and  enthalpies  of  formation  for  thiirane, 
thiirene,  thietane,  2H-thiete,  1,2-dithiete, 
tetrahydrothiophene,  2,3-dihydrothiophene,  2,5- 
dihydrothiophene,  thiophene,  1 ,2-dithiolane,  1,3- 
dithiolane,  1 ,2,4-trithiolane,  tetrahydro-2H-thiopyran, 
5,6-dihydro-2H-thiopyran,  2,4-dithiane,  1 ,4-dithiane, 
1,4-dithiin,  1,3,5-trithiane,  thiepane  and  1,3,5,7- 
tetrathiocane  were  critically  evaluated  and  rec- 
ommended values  were  selected.  Molecular  constants 
and  enthalpies  of  formation  for  some  of  the  molecules 
were  estimated,  as  experimental  values  for  these  com- 
pounds are  not  available. 
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New  experimental  data  on  the  thermal  conductivity  of 
liquid  water  along  the  saturation  line  have  been  ob- 
tained recently,  using  the  bare  and  coated  transient  hot 
wire  technique,  with  high  accuracy.  The  quality  of  the 
data  is  such  that  new  standard  reference  values  can 
be  proposed  with  confidence  limits  of  0.7%  at  a  95% 
confidence  level.  These  data  and  the  correlation  herein 
presented  revise  a  previous  correlation  endorsed  by 
IUPAC.  (Copyright  (c)  1995  American  Institute  of  Phys- 
ics and  American  Chemical  Society.) 
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Accurate  values  of  the  apparent  standard  partial  molal 
Gibbs  free  energies  of  formation  (delta  G  deg)  of  aque- 
ous species,  minerals,  and  gases  at  high  temperatures 
and  pressures  are  a  requisite  for  characterizing  a  vari- 
ety of  industrial  and  natural  processes  including  corro- 
sion of  metals,  solvent  extraction,  crystal  growth,  meta- 
morphism,  and  the  formation  of  hydrothermal  ore  de- 
posits. Revision  of  the  HKF  equations  of  state  for  aque- 
ous species  other  than  H20  (Helgeson,  Kirkham  and 
Flowers,  1981)  by  Tanger  and  Helgeson  (1988)  and 
Shock  et  al.  (1992)  permits  calculation  of  delta  G  deg 
for  these  species  at  temperatures  to  1000  deg  C  and 
pressures  to  5000  bars. 
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The  biennial  review  of  atomic  weight,  Ar(E),  determina- 
tions and  other  cognate  data  has  resulted  in  changes 
for  the  standard  atomic  weight  of  titanium  from  47.88 
plus  or  minues  0.03  to  47.867  plus  or  minus  0.001,  of 
iron  from  55.847  plus  or  minus  0.003  to  55.845  plus 
or  minus  0.002,  of  antimony  from  121.757  plus  or 
minus  0.003  to  121.760  plus  or  minus  0.001,  and  of 
iridium  from  192.22  plus  or  minus  0.03  to  192.217  plus 
or  minus  0.003.  Recent  investigations  on  chlorine  and 
bromine  confirmed  the  presently  accepted  values  of 
Ar(CI)  and  Ar(Br).  To  emphasize  the  fact  that  the  atom- 
ic weight  of  lithium  commonly  available  in  laboratory 
reagents  can  vary  significantly,  the  value  of  lithium, 
Ar(Li),  was  enclosed  in  brackets  and  a  footnote  was 
added.  As  a  result  of  several  changes,  the  Table  of 
Standard  Atomic  Weights  Abridged  to  Five  Significant 
Figures  has  been  updated.  Because  relative  isotope- 
ratio  data  for  stable  hydrogen,  carbon,  and  oxygen  are 
commonly  being  expressed  on  non-corresponding 
scales,  the  Commission  recommends  that  such  iso- 
topic data  be  expreseed  only  relative  to  the  references 
VSMOW  and  VPDB.  (Copyright  (c)  1995  American  In- 
stitute of  Physics  and  American  Chemical  Society.) 
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Wavelengths,  energy  levels,  ionization  energies,  line 
classifications,  intensities  and  transition  probabilities 
for  Kr  V  through  Kr  XXXVI,  with  the  exception  of  Kr 
XI  through  Kr  XVII,  are  tabulated.  No  data  have  been 
published  for  Kr  XI  through  Kr  XXVII.  These  data  are 
based  on  the  energy  levels  compilation  of  Sugar  and 
Musgrove  (13).  Transition  probabilities  for  selected  M1 
lines  have  been  reported  and  are  quoted  here.  A  short 
review  of  the  line  identifications  and  wavelength  meas- 
urements is  given  for  each  stage  of  ionization.  The  lit- 
erature has  been  surveyed  through  February  1995. 
(Copyright  (c)  1995  American  Institute  of  Physics  and 
American  Chemical  Society.) 
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A  new  representation  of  the  viscosity  of  ammonia  is 
presented.  The  representative  equations  are  based  on 
a  set  of  experimental  data  selected  as  a  result  of  a  criti- 
cal assessment  of  the  available  information.  The  valid- 
ity of  the  representation  extends  from  1 96  K  to  the  criti- 
cal temperature  for  both  liquid  and  vapor  phases.  In 
the  supercritical  region  the  temperature  range  extends 
to  680  K  for  pressures  at  or  below  ambient  and  to  600 
K  for  pressure  up  to  50  MPa.  The  accuracy  of  the  rep- 
resentation varies  from  0.5%  for  the  viscosity  of  the  di- 
lute gas  phase  at  moderate  temperatures  to  about  5% 
for  the  viscosity  at  high  pressures  and  temperatures. 
Tables  of  the  viscosity  generated  by  the  correlating 
equation  at  selected  temperatures  and  pressures  and 
along  the  saturation  line  are  presented  to  provide  easy 
reference  as  well  as  for  the  validation  of  computer 
codes.  (Copyright  (c)  1995  American  Institute  of  Phys- 
ics and  American  Chemical  Society.) 
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Equilibrium  constants  and  enthalpy  changes  for  reac- 
tions catalyzed  by  the  lyase  class  of  enzymes  have 
been  compiled.  For  each  reaction  the  following  infor- 
mation is  given:  the  reference  for  the  data;  the  reaction 
studied;  the  name  of  the  enzyme  used  and  its  Enzyme 
Commission  number;  the  method  of  measurement;  the 
conditions  of  measurement  (temperature,  pH,  ionic 
strength,  and  the  buffer(s)  and  cofactor(s)  used);  the 
data  and  an  evaluation  of  it;  and,  sometimes,  com- 
mentary on  the  data  and  on  any  corrections  which 
have  been  applied  to  it  or  any  calculations  for  which 
the  data  have  been  used.  The  data  from  106  ref- 
erences have  been  examined  and  evaluated.  Chemi- 
cal Abstract  Service  registry  numbers  are  given  for  the 
substances  involved  in  these  various  reactions.  There 
is  a  cross  reference  between  the  substances  and  the 
Enzyme  Commission  numbers  of  the  enzymes  used 
to  catalyze  the  reactions  in  which  the  substances  par- 
ticipate. (Copyright  (c)  1995  American  Institute  of 
Physics  and  American  Chemical  Society.) 
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The  evaluation  involves  the  analysis  of  the  enthalpy 
changes,  Gibbs  energy  changes,  and  the  entropy 


measurements  for  all  key  substances  in  the  key  net- 
work. A  consistent  set  of  thermochemical  property  val- 
ues is  given  for  FeOOHfcr,  Goethite),  FeCI2(cr), 
FeCI3(cr),  FeBr2(cr),  FeBr3(cr)  Fel2(cr),  and 
FeS04.7H20(cr),  as  well  as  'reconstituted'  rec- 
ommended process  values  with  uncertainties  involving 
these  substances.  All  recommnded  values  are  also 
given  for  a  standard  state  of  P(deg)=1  atm.  A  computer 
based  reaction  catalog  of  measurements  accompanies 
the  text  analysis. 
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Equilibrium  constants  and  enthalpy  changes  for  reac- 
tions catalyzed  by  the  isomerase  and  ligase  classes 
of  enzymes  have  been  compiled.  For  each  reaction  the 
following  information  is  given:  the  reference  for  the 
data;  the  reaction  studies;  the  name  of  the  enzyme 
used  and  its  Enzyme  Commission  number;  the  method 
of  measurement;  the  conditions  of  measurement  (tem- 
perature, pH,  ionic  strength,  and  the  buffer(s)  and 
cofactor(s)  used);  the  data  and  an  evaluation  of  it;  and, 
sometimes,  commentary  on  the  data  and  on  any  cor- 
rections which  have  been  applied  to  it  or  any  calcula- 
tions for  which  the  data  have  been  used.  The  data  from 
176  references  have  been  examined  and  evaluated. 
Chemical  Abstract  Service  registry  numbers  are  given 
for  the  substances  involved  in  these  various  reactions. 
There  is  a  cross  reference  between  the  substances 
and  the  Enzyne  Commission  numbers  of  the  enzymes 
used  to  catalyze  the  reactions  in  which  the  substances 
participate.  (Copyright  (c)  1995  American  Institute  of 
Physics  and  American  Chemical  Society.) 
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Atomic  energy  levels  of  zinc  have  been  compiled  for 
all  stages  of  ionization  for  which  experimental  data  are 
available.  No  data  have  yet  been  published  for  Zn  IX, 
Zn  X,  Zn  XXVI,  and  ZN  XXVIII,  and  only  several  reso- 
nance lines  of  Zn  XXIX  and  ZN  XXX.  Very  accurate 
calculated  values  are  compiled  for  Zn  XXIX  and  ZN 
XXX.  Experimental  g-factors  and  leading  percentages 
from  calculated  eigenvectors  are  given.  A  value  for  the 


ionization  energy,  either  experimental  when  available 
or  theoretical,  is  included  for  the  neutral  atom  and  each 
ion.  A  review  of  the  published  literature  is  given.  (Copy- 
right (c)  1995  American  Institute  of  Physics  and  Amer- 
ican Chemical  Society.) 
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We  describe  an  oscillating  tube  densimeter  for  use  at 
temperatures  up  to  at  least  575  K  and  at  pressures  up 
to  20  MPa.  After  the  densimeter  was  calibrated  under 
vaccum  and  filled  with  water,  it  was  used  to  measure 
the  density  of  toluene  from  298  to  575  k  at  13.8  MPa. 
The  results  agree  (0.1  percent  rms  deviation)  with 
those  obtained  using  other  techniques.  In  the  present 
densimeter,  an  alternating  current  is  passed  through 
the  tube  containing  the  sample  to  force  the  tube  to  os- 
cillate in  the  field  of  a  permanent  magnet.  This  design 
avoids  the  use  of  electromagnets  (with  their  attendant 
polymer  or  ceramic  insolations)  and  does  not  require 
attachment  of  appendages  to  the  oscillating  tube. 
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In  pulse  radiation  of  2,3,5-triphenyl-tetrazolium  chlo- 
ride (TTC)  at  around  360  nm  fast  formation  of  inter- 
mediate tetrazolium  radical  was  observed  under  both 
oxidizing  and  reducing  conditions.  In  the  latter  case 
biomolecular  formation  of  formazan,  absorbing  at 
around  480  nm,  was  observed.  This  reaction  is  accom- 
panied by  combination  to  the  diformazan  dimer,  ab- 
sorbing over  the  spectral  range  500-550  nm.  A  poly- 
vinyl-alcohol-based  TTC  film  was  produced  and  tested 
for  dosimetry  purposes:  it  gave  a  measureable  re- 
sponse in  the  1-100kGy  dose  range  by  evaluating  the 
50  micrometers  thick  TTC  films  at  the  absorption  maxi- 
mum of  493  nm. 
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The  critical  state  in  a  superconductor  with  periodic  pins 
has  properties  similar  to  the  pinch  effect,  known  in 
plasma  physics.  It  forms  a  terrace  structure  around  the 
average  flux  density  gradient,  causing  stratification  of 
the  transport  current  into  the  terrace  edges  where  the 
flux  density  gradient  is  large.  Regions  of  extremely 
high  current  thus  interlace  with  regions  of  near  zero 
current.  The  appearance  of  each  new  terrace  inside 
the  superconductor  causes  the  magnetization  jump,  a 
new  quantum  effect  in  superconductors,  corresponds 
to  the  addition  of  one  flux  quantum  threading  the  pin 
lattice  unit  cell. 
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The  authors  use  neutron  time-of-flight  scattering  tech- 
niques to  measure  the  low-frequency  vibrational  den- 
sity of  states  of  solid  cubane  at  100  and  300  K.  Debye- 
like  behavior  is  observed  up  to  approximately  60  cm(- 
1 )  at  both  temperatures.  At  1 00  K,  the  density  of  states 
exhibits  three  distinct  peaks  at  78,  94,  and  114  cm(- 
1)  before  cropping  to  zero  around  150  cm(-1).  The  au- 
thors identify  the  114  cm(-1)  peak  with  the  Eg 
librational  mode  of  cubane  based  on  the  marked  tem- 
perature dependence  of  its  frequency  and  a  compari- 
son to  Raman  measurements.  In  similar  fashion  they 
identify  the  94  cm(-1)  peak  with  the  Ag  librational 
mode.  At  300  K,  the  librational  modes  have  softened 
to  the  extent  that  the  density  of  states  exhibits  a  pla- 
teau-like feature  between  60  and  1 00  cm(-1 ). 
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The  report  contains  a  compilation  of  molecular  dynam- 
ics computer  simulation  results  for  the  simple  point 
charge  extended  model  (SPC/E)  for  water.  In  addition 
to  published  results,  this  compilation  contains 
unpublished  results  developed  by  the  author.  The 
properties  included  are  the  static  dielectric  constant, 
the  self-diffusion  coefficient,  the  internal  energy,  and 
the  pressure.  The  simulation  values  of  the  dielectric 
constant  are  compared  with  a  new  correlation  based 
on  available  experimental  values. 
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The  authors  have  made  new  measurements  of  the 
gas-phase  PVT  surface  of  five  binary  mixtures  of 
hydrofluorocarbons  (HFCs)  in  a  Burnett/isochoric  ap- 
paratus. The  components  chosen  all  have  moderate 
to  large  reduced  dipole  moments.  The  authors  present 
PVT  data,  derived  mixture  virial  coefficients,  cross  sec- 
ond virial  coefficients,  and  binary  interaction  param- 
eters for  these  systems,  and  the  authors  compare  the 
results  with  a  recently  published  model  for  calculating 
second  and  third  viral  coefficients  of  polar  gases  and 
their  mixtures.  That  model  accounts  for  the  polar  na- 
ture of  the  molecules  with  a  term  containing  the  re- 
duced dipole  moment  and  it  contains  mixing  rules  for 
the  substance-specific  parameters  needed  to  calculate 
the  second  and  third  cross  virial  coefficients.  The 
model  and  data  are  in  satisfactory  agreement,  and  the 
model  can  be  used  to  greatly  extend  the  useful  range 
of  the  limited  set  of  data. 
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The  syntheses,  crystal  structures,  and  certain  prop- 
erties of  two  lithium  zinc  phosphate  phases, 
LiZnP04.H20  and  LiZnP04,  are  reported. 
LiZnP04.H20  is  an  isostructure  of  the  Li-A-type  zeolite 
LiAISi04.H2o  and  consists  of  a  fully  ordered  three-di- 
mensional network  of  vertex-sharing  Zn04  and  P04 
tetrahedral  units  surrounding  8-,  6-,  and  4-ring  win- 
dows. The  extraframework  lithium  cation  and  water 
molecular  are  located  in  this  cavity  system.  The  struc- 
ture of  LiZnP04  was  solved  ab  initio  using 
synchrontron  X-ray  powder  data  and  consists  of  a  new 
semicondensed  tetrahedral-framework  structure,  in- 
corporating the  guest  lithium  cations  in  squashed  6- 
ring  channels. 
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A  neutron-powder-diffraction  pattern  of  the 
superstoichiometric  rare-earth  dideuteride  TbD2.25 
was  measured  at  70  K.  Profile  refinements  indicated 
that  the  TbD2.25  structure  possesses  14/mmm  symme- 
try with  deuterium  fully  occupying  the  tetrahedral  (t)  in- 
terstices of  the  nominally  fee  Tb  lattice  and  the  excess 
deuterium  occupying  one-fourth  of  the  octahedral  (o) 
interstices  with  long-range  order.  Ideal  order  cor- 
responds to  the  occupation  of  only  those  o  sites  within 
every  fourth  (042)cubic  plane,  in  agreement  with  the 
results  of  a  previous  TbD2+x  study. 
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A  new  National  Institute  of  Standards  and  Technology 
scanning  electron  microscope  magnification  calibration 
standard  has  been  fabricated  and  distributed  in  pro- 
duction prototype  form.  The  SRM  2090A  samples  con- 
tain structures  ranging  in  pitch  from  3000  to  0.2  microm 
and  are  useful  at  both  high-  and  low-accelerating 
voltages.  The  design  and  fabrication  of  the  samples 
has  incorporated  many  of  the  improvements  sug- 
gested through  two  previous  prototype  series.  This  arti- 
cle discusses  optimization  of  the  lithographic  tech- 
niques in  the  fabrication  process.  We  used  electron 
beam  lithography  for  fabrication  because  of  the  0.1 
microm  features  required  on  the  samples. 
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Knowledge  of  the  pressure  and  temperature  depend- 
ence of  the  spectra  distribution  is  required  to  allow  de- 
termination of  the  temperature  from  a  coherent  anti- 
Stokes  Raman  spectroscopy  (CARS)  spectrum.  We 
review  our  understanding  of  the  physics  of  line  forma- 
tion for  the  Raman  vibrational  Q-branch  of  diatomic 
molecules.  While  we  can  demonstrate  that  the  role  of 
velocity,  phase,  and  state  changing  collisions  in  line 
formation  is  reasonably  well  understood,  there  are  rel- 
atively few  first  principle  calculations  which  allow  pre- 
diction of  the  molecular  parameters  which  determine 
the  spectra  distribution.  We  show  how  quasi-empirical 
models,  which  are  consistent  with  our  physical  under- 
standing, can  provide  a  reliable  basis  for  prediction. 
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Nb(100-x)VxHy  is  a  random  b.c.c.  alloy  system  with  an 
H  sublattice  disordered  with  respect  to  site  energies. 
Previous  incoherent  inelastic  neutron  scattering  (HNS) 
studies  ascertained  both  octahedral  (o)  and  tetrahedral 
(t)  site  occupation  by  H  for  x  =  5,  10  and  50.  On  the 
basis  of  spectroscopic  and  statistical  arguments,  the 
low-temperature  H  vibrational  peaks  in  the  Nb-rich, 
low-H-concentration  Nb95V5H1  alloy  were  assigned  to 
Nb4V2  o  sites  and  NbV3  t  sites.  To  probe  the  regime 
of  lower  H  concentration  and  the  effects  of  D  substi- 
tution, further  HNS  spectra  were  measured  for  Nb95 
V5Hy  (y=0.5  and  0.8)  and  Nb95V5D2.7. 
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The  Beta-phase  hydrides  Beta-RH2+x  of  a  variety  of 
rare  metals  (R  =  Tb,  Y,  La,  Ce  and  Dy)  were  inves- 
tigated by  incoherent  inelastic  neutron  scattering  spec- 
troscopy. The  broad,  complex  vibrational  density  of 
states  (DOS)  of  the  tetrahedrally  coordinated  (t-site) 
Hydrogen  (Ht)  typically  found  for  these  systems  is  a 
manifestation  of  the  dynamic  coupling  within  the  Ht 
sublattice  due  to  significant  Ht-Ht  interactions.  A  break- 
down of  this  dynamic  coupling  via  isotopic  dilution  of 
the  Ht  atoms  with  larger  mass  deuterium  atoms  is  ob- 
served spectroscopically  by  a  collapse  of  the  complex 
DOS  into  a  single  sharp  feature. 
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The  paper  presents  experimental  results  for  the  decay 
of  pipe  elbow-produced  swirl  in  pipeflows  and  its  ef- 
fects on  flowmeter  measurement  accuracy.  Experi- 
ments include  the  decay  of  swirl  produced  by  single 
and  double  elbow  configurations  for  pipe  diameter 
Reynolds  number  of  10  to  the  4th  power  to  10  to  the 
5th  power  using  water  in  a  50  mm  diameter  facility  at 
NIST  in  Gaithersburg,  MD.  Results  show  that  different 
types  of  swirl  are  produced  by  the  different  piping  con- 
figurations. The  swirl  decay  is  found  to  be  dependent 
on  the  type  of  swirl  and  the  pipe  Reynolds  number.  A 
high  Reynolds  number  very  long  lengths  of  straight, 
constant  diameter  pipe  are  required  to  dissipate  the 
single  eddy  type  swirl  that  is  produced  by  the  two  el- 
bows out-of-plane  configuration.  Without  flow  condi- 
tioning, it  is  concluded  that  the  specifications  of  up- 
stream pipe  lengths  in  the  current  flowmetering  stand- 
ards may  not  be  sifficient  to  achieve  the  desired  flow 
metering  accuracy.  Experimental  results  are  also  pre- 
sented for  the  effects  produced  by  tube  bundle-type 
flow  conditioners.  These  results  show  shifts  in  orifice 
meter  discharge  coefficients  that  are  both  positive  and 
negative  depending  upon  pertinent  conditions.  A  range 
of  orifice  geometries,  Reynolds  numbers  and  meter  lo- 
cations are  studied  and  explanations  are  put  forth  to 
explain  these  shifts. 
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In  this  letter  the  authors  recalculate  the  mercury  melt- 
ing line,  for  use  as  an  accurate  pressure  transfer  stand- 
ard up  to  1,200  MPa,  with  a  reference  to  the  new  Inter- 
national Temperature  Scale  of  1990  (ITS-90).  In  pre- 
vious work  the  authors  obtained  fifty-two  experimental 
temperature  and  absolute  pressure  points,  each  point 
representing  a  melting  point  of  mercury  under  specified 
temperature  and  pressure  conditions.  The  tempera- 
tures were  referenced  to  the  International  Practical 
Temperature  Scale  of  1968  (IPTS-68). 
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The  overall  Gibbs  free  energy  change  (delta  G)  of  a 
chemical  reaction  is  often  termed  the  driving  force  of 
the  reaction.  The  sign  of  delta  G  defines  the  direction 
of  spontaneous  reaction,  and  the  condition  delta  G  = 
0  defines  the  point  of  chemical  equilibrium.  This  is 
strictly  true  for  elementary  reactions-reactions  that 
pass  through  only  one  local  maximum  (the  transition 
state)  along  the  reaction  coordinate  connecting 
reactant  and  product  states.  However,  under  many  cir- 
cumstances it  is  also  true  for  reactions  that  involve  one 
or  more  intermediates,  particularly  if  the  steady  state 
intermediate  concentrations  are  very  small.  Here  the 
authors  show  that  externally  imposed  oscillations  or 
fluctuations  can  drive  a  net  chemical  reaction  away 
from  equilibrium  so  long  as  the  rate  constants  of  at 
least  one  elementary  step  of  the  overall  reaction  de- 
pend on  the  fluctuating  parameter.  This  is  true  even 
if  the  overall  delta  G  is  independent  of  the  perturbation 


and  it  is  also  true  even  if  the  concentrations  of  the  inter- 
mediate states  are  very,  very  small  (i.e.,  experimental 
undetectable). 
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The  authors  develop  a  second-order  response  theory 
to  investigate  the  effects  of  external  periodic  perturba- 
tions on  a  chemical  reaction  at  a  stable  steady  state 
in  an  open  reactor.  The  authors  apply  the  theory  to  the 
quadratic  Schlogl  model,  a  single-variable  nonlinear 
reaction.  In  the  presence  of  oscillating  reactant  or  prod- 
uct concentrations  or  oscillating  rate  coefficients,  the 
average  intermediate  concentration,  the  fluxes,  and 
the  dissipation  are  each  a  Lorentzian  function  of  fre- 
quency with  midpoint  at  the  inverse  relaxation  time  of 
the  system.  Thus  even  very  short  relaxation  times  can 
be  determined  by  measuring  average  rates  as  a  func- 
tion of  frequency  of  the  perturbation.  The  amplitude  of 
the  Lorentzian  depends  on  the  chemical  mechanism 
of  the  reaction  and  is  proportional  to  the  square  of  the 
amplitude  of  the  applied  perturbation.  The  authors  also 
show  that  energy  from  the  perturbation  can  be  used 
to  drive  the  reaction  in  a  direction  opposite  of  that  pre- 
dicted by  the  Gibb's  free  energy  difference  of  the 
reactants  and  products,  even  under  circumstances 
where  the  overall  affinity  is  independent  of  the  pertur- 
bation. 
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High-pressure  vapor-liquid  equilibrium  (VLE)  data  for 
the  ternary  mixture  ethane  +  n-butane  +  n-pentane  due 
to  Thodos  and  co-workers  have  been  correlated  by  a 
ternary  version  of  the  modified  Leung-Griffiths  model. 
Data  were  taken  along  paths  of  constant  temperature 
and  approximately  constant  overall  composition,  and 
a  separate  test  was  made  for  such  constancy.  Seven- 
teen different  specified  overall  compositions  at  four  dif- 
ferent temperatures  were  correlated.  In  general,  agree- 
ment between  the  correlation  and  data  is  very  good, 
particularly  for  those  curves  that  satisfy  the  test  for  con- 
stant overall  composition.  The  ternary  model  has  been 
constructed  from  correlations  of  each  of  the  three  con- 
stituent binaries  without  any  further  adjustable  param- 
eters. 
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Two  approaches  which  describe  the  Weissenberg  ef- 
fect (height  profile  of  a  non-Newtonian  fluid  between 
rotating  vertical  concentric  cylinders)  are  discussed. 
The  first  is  based  on  an  earlier  calculation  with 


rheological  properties  of  a  simple  liquid  from 
nonequilibrium  molecular  dynamics  (NEMD).  The  cal- 
culation is  redone  here  using  new  results  on  the  den- 
sity dependence  of  the  normal  pressure  differences. 
The  NEMD  calculations  are  restricted  to  Couette  flow, 
but  describe  specifically,  in  a  consistent  manner,  the 
effects  of  finite  compressibility.  The  pressure,  viscosity, 
and  normal  pressure  differences  are  all  found  from 
NEMD  to  be  sensitive  functions  of  density,  which  re- 
quires that  the  equations  of  motion  be  solved  iteratively 
and  self-consistently,  and  a  sample  calculation  is  pre- 
sented for  the  soft  sphere  fluid.  The  second  approach 
is  that  of  Joseph  and  Fosdick.  Their  assumptions  and 
techniques  are  examined  and  compared  with  the 
NEMD  calculations. 
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The  modified  Leung-Griffiths  model  is  applied  to  the 
previously  unpublished  data,  tabulated  here,  of  Wil- 
liams for  high-pressure  vapor-liquid  equilibria  of  ethyl- 
ene +  n-butane.  It  is  not  possible  to  obtain  a  hihgly  ac- 
curate correlation  with  the  experimentally  stated  com- 
positions, but  evidence  is  given  that  those  composition 
measurements  may  be  suspect,  although  pressure, 
temperature,  and  density  data  are  accurate.  A  simplex 
optimization  method  was  used  for  the  parameters  of 
the  model,  and  the  compositions  were  also  treated  as 
adjustible  parameters.  With  this  method  a  much  more 
accurate  correlation  is  obtained,  but  the  optimized 
compositions  differ  in  two  of  four  cases  by  more  than 
3%  from  the  stated  compositions. 
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The  linearly  extended  Waldmann-Snider  equation  of 
Thomas  and  Snider  is  solved  by  a  Chapman-Enskog 
method  to  derive  the  quantum  collisional  transfer  con- 
tributions to  the  viscosity  of  a  gas.  These  contributions, 
which  are  linear  in  density,  are  then  reduced  by  Weyl 
correspondence  methods  to  their  classical  limits,  and 
are  shown  to  agree  with  the  known  classical  results. 
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A  unique  flow  calibration  facility  for  cryogenic  liquids 
is  located  at  the  National  Institute  of  Standards  and 
Technology  (NIST)  in  Boulder,  Colorado.  A  dynamic 
weighing  system  is  used  to  measure  totalized  mass 
flow  and,  with  the  use  of  NIST  thermodynamic  property 
data  for  density,  volumetric  flow.  Calibrations  are  typi- 
cally performed  with  liquid  nitrogen  in  a  flow  of  0.95 
to  9.5  kg/s,  pressure  range  of  0.4  to  0.76  Mpa,  and 
temperature  range  of  80  to  90  k. 
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A  number  of  experimental  techniques  based  on  elastic 
light  scattering  are  used  to  measure  the  size  of  micron- 
sized  spherical  particles  and  droplets.  Some  examples 
include,  phase  Doppler  anemometry,  laser  diffraction 
methods,  light  intensity  deconvolution  as  well  as  en- 
semble scattering  measurements  from  axi-symmetric 
Gaussian  and  Gaussian  sheet  beams.  In  the  interpre- 
tation of  these  measurements,  the  classical  Lorenz- 
Mie  theory  (LMT)  of  elastic  light  scattering  or  principles 
of  diffraction  and  ray  optics  are  invoked  to  predict  the 
phase,  amplitude  and  intensity  of  the  scattered  radi- 
ation as  a  function  of  particle  size,  refractive  index  and 
scattering  angle.  The  reliability  and  accuracy  of  these 
measurements,  thus  depend  on  the  degree  to  which 
the  invoked  theory  predicts  the  observed  features  of 
the  scattered  field.  In  this  context,  it  is  therefore  impor- 
tant to  consider  realistic  situations  for  which  departures 
from  the  LMT  are  significant  enough  to  warrant  the  use 
of  more  exact  theories  of  light  scattering. 
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The  authors  measured  C02  and  CH4  gas  permeation 
through  polyperfluorosulfonate  ionomer  (PFSI)  that 
was  solvated  with  water,  methanol,  ethanol,  or  1-pro- 
panol.  These  measurements  were  compared  with  pre- 
dictions based  on  a  two-phase,  effective-media,  mem- 
brane model  that  considered  a  number  of  possible  ge- 
ometries for  the  distributed  phase  (the  ionic  clusters). 
The  transport  parameters  (solubility  and  diffusivity)  for 
each  of  the  phases  and  the  volume  fraction  of  dis- 
persed phase  were  either  measured  independently  or 
estimated  from  prior  literature  data.  The  authors  were 
unable  to  match  all  the  experimental  observations  with 
this  two-phase  model.  The  authors  conclude  that  dif- 
ferent polar  solvents  an  incorporate  themselves  into 
the  fluorocarbon  'continuous  phase'  in  ways  that  will 
alter  the  effective  diffusion  coefficient  of  that  phase  to 
gas  permeation. 
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We  have  investigated,  for  the  first  time, 
magnetotransport  properties  of  very  narrow  gap 
HgCdTe  single  crystals  in  the  light  of  the  reduced-con- 
ductivity-tensor (RCT)  scheme  to  determine  the  vari- 
ations of  the  carrier  density  and  mobility  as  a  function 
of  temperature  in  the  semiconductor-tp-semimetal 
transition  region.  In  this  paper,  we  report  the  results 
of  variable-magnetic-field  and  variable-temperature 
Hall  measurements  (0  to  1 .5  T  and  10  K  to  300  K)  on 


three  n-type  bulk  HgCdTe  single  crystals,  labeled 
MCT-1  (x=0.190),  MCT-2  (x=0.175),  and  MCT-3 
(x=0.160).  The  experimental  data  are  analyzed  in  the 
context  of  the  RCT  scheme  of  multicarrier  character- 
ization, which  we  have  previously  used  to  electrically 
characterize  liquid-phase-epitaxially  (LPE)  grown 
HgCdTe  films.  The  latter  work  deals  with  type  classi- 
fication if  LPE  samples  according  to  the  degree  of 
anomalous  electrical  behavior  present,  from  normal  to 
severely  anomalous. 
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The  mole  fraction  solubilities  of  ten  copper(ll)  and  five 
chromium(lll)  beta-diketonates  were  measured  in 
supercritical  carbon  dioxide  with  a  spectroscopic  tech- 
nique and  found  to  vary  over  4  orders  of  magnitude. 
Observed  trends  indicate  that  the  solubility  on 
supercritical  carbon  dioxide  is  strongly  dictated  by  the 
character  of  the  hydrocarbon  or  fluorocarbon  shell  sur- 
rounding the  central  metal  atom.  A  group-contribution 
approach  was  used  to  calculate  the  solubility  param- 
eter of  the  anion  of  the  uncomplexed  beta-diketone 
that  was  correlated  to  the  experimentally  measured 
solubility.  A  regular  solutions  approach  was  used  for 
Cr(acac)3  to  quantitatively  attempt  to  predict  the  solu- 
bility in  supercritical  carbon  dioxide.  Solubility  data,  sol- 
ubility parameter  trends,  and  limitations  of  regular  solu- 
tions theory  applied  to  supercritical  fluids  are  dis- 
cussed. 
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Measurements  of  the  molar  heat  capacity  at  constant 
volume  (Cv)  for  (xC02+(1-x)C2H6),  x=  0.25,  0.49, 
0.74,  were  conducted.  Tempertures  ranged  from  about 
220  to  340  K,  and  pressures  were  as  high  as  35  MPA. 
Meaurements  were  conducted  on  samples  in  com- 
pressed gas  and  liquid  states.  The  primary  sources  of 
uncertainty  are  the  estimated  temperature  rise  and  the 
estimated  quantity  of  substance  in  the  calorimeter. 
Overall,  the  uncertainty  of  the  Cv  values  is  estimated 
to  be  less  than  plus  or  minus  2.0%  for  vapor  and  plus 
or  minus  0.5%  for  liquid. 
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The  REFPROP  computer  database  has  been  devel- 
oped to  meet  the  needs  of  the  refrigeration  industry  in 
their  evaluation  of  alternative  refrigerants.  In  this 
paper,  we  highlight  the  capabilities  and  discuss  the  lim- 
itations of  the  database  through  examples  of  several 
representative  pure  refrigerants  and  refrigerant  blends. 
The  database  employs  the  Carnahan-Starling- 
Desantis   (CSD),    modified  Bennedict-Webb-Rubin 


(MBWR),  and  Haar-Gallagher  equations  of  state  for 
thermodynamic  properties,  and  an  extended  cor- 
responding states  (ECS)  model  for  thermodynamic 
and  transport  properties;  the  most  appropriate  model 
for  specific  applications  is  recommended. 
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Computer  simulations  of  a  two-dimensional  Lennard- 
Jones  fluid  undergoing  spinodal  decomposition  are  re- 
ported for  the  system  subjected  to  planar  Couette  flow. 
Key  results  are  the  images  of  the  atomic  structure  and 
plots  of  the  corresponding  pair  correlation  functions.  A 
companion  small-angle  neutron  scattering  (SANS) 
study  of  shear-influenced  gelation  on  colloidal  silica 
suspensions  at  volume  fractions  phi  =  0.1,  0.12,  0.18, 
and  0.24  is  discussed.  It  is  found  that  the  scattered  in- 
tensity-wave vector  curves  from  the  unsheared  gels 
obey  a  power  law  for  phi  less  than  0.24.  At  higher  vol- 
ume fractions,  the  power  law  does  not  seem  to  be  fol- 
lowed. Shear,  however,  induces  an  apparent  fractal 
structure  in  the  gel  at  phi  =  0.24.  Results  from  the  com- 
puter and  the  SANS  experiments  indicate  that  the 
spinodal  decomposition  process  and  the  gelation 
mechanism  have  features  in  common. 
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Small-angle  neutron-scattering  (SANS)  shearing  ex- 
periments on  dense  colloidal  silica  suspensions  in  a 
H20-D20  medium  are  reported  for  the  wave  vector 
range  0.03  less  than  Q  (nm  to  the  minus  1  power)  less 
than  0.8,  at  volume  fractions  phi  =  0.1 , 0.12, 0.18,  0.24. 
and  0.3.  For  the  unsheared  gels,  apparent  fractal  struc- 
tures were  observed  at  the  lower  volume  fractions,  and 
a  small  maximum  at  a  Q  corresponding  to  a  contact 
particle  morphology  was  apparent  at  all  volume  frac- 
tions. A  fractional  dimension  d  -  1.60  plus  or  minus 
0.05  was  estimated  for  phi  =  0.10  and  0.12  by  fitting 
the  power  law  behavior  of  the  structure  factor.  Shear 
induces  an  apparent  fractal  domain  into  the  dense  gels 
and  enhances  the  contact  particle  structure. 
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The  paper  contains  a  status  report  on  an  international 
project  coordinated  by  the  Subcommittee  on  Transport 
Properties  of  commission  1 .2  of  the  International  Union 
of  Pure  and  Applied  Chemistry.  The  project  has  been 
conducted  to  investigate  the  large  discrepancies  be- 
tween the  results  reported  by  various  authors  for  the 
transport  properties  of  R134a.  The  project  has  involved 
the  remeasurement  of  the  transport  properties  of  a  sin- 
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gle  sample  of  R134a  in  nine  laboratories  throughout 
the  world  in  order  to  test  the  hypothesis  that  at  least 
part  of  the  discrepancy  could  be  attributed  to  the  purity 
of  the  sample.  This  paper  provides  an  intercomparison 
of  the  new  experimental  results  obtained  to  data  in  this 
project  for  the  viscosity  and  the  thermal  conductivity 
in  both  gaseous  and  liquid  phases.  The  agreement  be- 
tween the  viscosity  data  from  the  laboratories  contrib- 
uting to  the  project  was  improved  with  several  tech- 
niques, now  producing  consistent  results.  This  sug- 
gests that  the  purity  of  the  samples  of  R134a  used  in 
previous  work  was  at  least  partly  responsible  for  the 
discrepancies  observed.  For  the  thermal  conductivity 
in  the  liquid  phase  the  results  of  the  measurements  are 
also  more  consistant  than  before,  although  not  for  all 
experimental  techniques.  Not  all  of  the  previous  meas- 
urements suffered  from  significant  sample  impurities, 
so  the  present  measurements  on  a  consistent  high-pu- 
rity sample  can  be  used  to  detect  data  sets  which  are 
outliners,  possibly  because  of  impurities.  Identification 
of  laboratories  and  techniques  with  systematic  dif- 
ferences may  require  the  examination  of  data  for  sev- 
eral fluids.  The  implications  for  future  measurements 
of  the  transport  properties  of  other  refrigerants  are  sig- 
nificant. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  has  a  primary  function  to  develop  and  dissemi- 
nate standard  reference  data  for  the  thermophysical 
properties  of  fluids  and  fluid  mixtures  of  interest  to  the 
industrial  and  scientific  communities.  In  this  paper  we 
discuss  five  computerized  databases  distributed  by  the 
Standard  Reference  Data  (SRD)  Program  of  NIST. 
The  databases  provide  national  standards  for  the  prop- 
erties of  pure  fluids,  an  accurate  evaluated  mixture  pro- 
gram focusing  on  the  properties  of  natural  gas  mix- 
tures, a  predictive  package  emphasizing  hydrocarbon 
systems  up  to  C20,  a  database  for  refrigerant  and  pro- 
spective alternative  refrigerant  fluids,  and  the  current 
scientifc  thermophysical  property  surfaces  for  the  pure 
water  and  steam. 
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Comprehensive  isochronic  p-p-T  measurements  have 
been  carried  out  on  liquid  and  gaseous  air  along  16 
isochores  at  densities  ranging  from  2  to  32  mol-dm  to 
the  minus  3rd  power.  The  air  mixture  has  a  nominal 
composition  of  0.7812  N2  +  0.2096  02  +  0.0092  Ar. 
The  p-p-T  data  cover  a  temperature  range  from  67  to 
400  K  at  pressures  up  to  35  MPa.  Comparisions  with 
experimental  results  from  independent  sources  are 
presented  using  a  fundamental  equation  of  state 
based,  in  part,  on  the  p-p-T  data  from  this  study. 
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If  we  want  to  understand  the  properties  of  condensed 
molecular  matter  in  detail,  we  have  to  study  the  inter- 
actions between  molecules,  which  are  often  summa- 
rized under  the  name  'van  der  Waals  interactions.' 
These  intermolecular  interactions  are  of  a  profoundly 
subtle,  multidimensional,  long-range,  and  coupled  na- 
ture. This  is  in  contrast  to  intramolecular  interactions, 
where  the  concepts  of  chemical  bond  and  harmonic 
force-field  usually  form  a  reasonably  localized  zero- 
order  reference  point  at  sufficiently  low  excitation  lev- 
els. Infrared  spectroscopy  provides  a  powerful  general 
tool  to  study  both  inter-  and  intramolecular  interactions, 
since  it  can  cover  the  full  frequency  range  of  fun- 
damental and  few-quantum  excitation  of  the  associ- 
ated degrees  of  freedom.  It  is  in  the  'floppy  molecule', 
intermolecular  regime  where  the  inversion  of  high  reso- 
lution spectroscopic  data  to  interaction  potentials  is 
particularly  difficult,  and  thus  the  demand  for  inter- 
action between  theory  and  experiment  is  particularly 
intense.  As  one  consequence  is  this  difficulty,  initial 
spectroscopic  research  efforts  have  concentrated  on 
pairs  of  molecules,  the  obvious  prototypes  of  any  inter- 
action study.  These  binary  complexes  or  dimers  have 
revealed  an  unprecedented  richness  of  structural  prop- 
erties and  dynamical  behavior,  when  viewed  through 
the  eyes  of  high  resolution  microwave,  far-  and  near- 
IR  spectroscopy,  2-5  and  modern  theoretical  tools.  In- 
deed, the  astonishing  range  of  challenges  and  insights 
provided  by  dimer  spectroscopy  deflected  the  original 
thrust  of  a  spectroscopy-based  understanding  of  bulk 
matter  toward  an  extensive,  albeit  very  fruitful,  series 
of  diversions. 
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The  BaO-Fe203-Ti02  ternary  phase  diagram  has 
been  investigated  at  1250-1270  degrees  C  in  air.  X- 
ray  diffraction  studies  of  approximately  150 
polycrystalline  specimens  at  room  temperature  con- 
firmed the  existence  of  sixteen  ternary  compounds. 
Two  of  these  compounds,  BaFe4Ti201 1  and 
Ba12Fe28Ti15084,  were  previously  reported,  four 
were  found  to  be  isostructural  with  known  chemically 
similar  compounds,  and  ten  apparently  adopt  new 
structure-types.  The  crystal  structures  of  five  of  the 
new  ternary  phases  are  briefly  described.  The  oxida- 
tion state  of  iron  found  in  this  study  is  similar  to  that 
reported  for  a  study  of  the  BaO-Fe203-Sn02  system 
in  air  at  1 200  degrees  C. 
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Time-  and  frequency-resolved  infrared  (IR)  laser  ab- 
sorption methods  are  used  to  probe  hot  atom  energy 
transfer  in  open  shell  interactions  of  CI(2P3/2)  +  HCI(J) 
in  the  single  collision  regime.  The  CI(2P3/2)  atoms  are 
prepared  by  308  nm  laser  photolysis  of  CI2,  and  suffer 
collisions  at  E  rel  approx.  3500  cm  to  the  minus  one 


power  with  a  room  temperature  HCI  distribution  in  a 
fast  flow  cell.  Selective  collisional  excitation  of  final 
HCI(Jf)  states  is  monitored  by  transient  IR  absorption 
on  R(J  equal  to  or  greater  than  4)  branch  lines  in  the 
HCI(v=1  greater  than  0)  band,  while  depletion  of  the 
initial  HCI(Ji)  states  is  monitored  by  transient  bleaching 
of  the  room  temperature  Doppler  profiles.  Analysis  of 
the  J  dependent  Doppler  profiles  permits  extraction  of 
rotational  loss  cross  sections,  as  a  function  of  initial 
and  final  J  states,  respectively.  Absolute  transient  con- 
centrations of  the  HCI(Ji)  and  HCI(Jf)  are  measured  di- 
rectly from  absorbances  via  Beer's  Law,  and  used  to 
extract  absolute  collisional  cross  sections. 
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The  authors  report  surface  plasmon  imaging  of 
streptavidin  binding  to  photopatterned  biotinylated 
alkanethiol  self-assembled  monolayers  (SMAs)  on 
gold.  Micrometer-scale  patterns  of  a  mixed  biotin-  and 
hydroxyl-terminated  monolayer  were  formed  in  an 
inert,  hydroxy-terminated  alkanethiol  monolayer  using 
a  UV-photopatterning  procedure.  Using  surface 
plasmon  microscopy,  contrast  is  readily  observed  be- 
tween the  mixed  biotin-  and  hydroxy-terminated  SAM 
region  after  specific  binding  of  streptavidin  has  oc- 
curred and  the  pure  hydroxy-terminated  region  where 
nonspecific  binding  of  streptavidin  is  negligible.  Sur- 
face plasmon  microscopy  was  also  to  monitor  in  situ 
and  in  real  time  the  binding  of  streptavidin  to  the  pat- 
terned SAMs.  The  ability  of  surface  plasmon  micros- 
copy to  detect  and  spatially  resolve  2-dimensional 
monolayer  binding  events  may  prove  useful  in  diag- 
nostic applications  involving  the  parallel  interrogation 
at  surface  biomolecular  arrays. 
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The  adsorption  of  the  potassium  salt  of  N- 
phenylglycine  (KNPG)  on  synthetic  hydroxyapatite 
from  aqueous  and  ethanol  solutions  was  studied  at  22 
degrees  C.  The  adsorption  isotherm  of  KNPG  from 
aqueous  solutions  is  Langmuirian  in  shape,  and  the 
analysis  showed  that  one  glycinate  ion  was  adsorbed 
per  about  two  (100)  faces  of  the  unit  cell  of 
hydroxyapatite.  For  each  glycinate  ion  adsorbed,  3.5 
phosphate  ions  were  released  to  the  aqueous  solution 
while  the  calcium  concentration  decreased  slightly. 
The  adsorption  from  ethanol  (99.8%)  was  total  and  ir- 
reversible from  dilute  solutions  up  to  a  threshold  con- 
centration, and  reversible  and  Langmuirian  thereafter 
from  concentrated  solutions,  while  the  amounts  of 
phosphate  and  calcium  ions  in  solution  are  negligible. 
At  maximum  coverage  from  ethanol  solution,  the  sur- 
face is  fully  occupied  by  reversibly  adsorbed  molecules 
which  are  perched  on  a  one-to-one  basis  on  the  top 
of  irreversibly  adsorbed  molecules  totally  covering  the 
substrate.  The  amount  of  irreversibly  adsorbed  solute 
is  thus  equal  to  the  reversibly  adsorbed  solute  and 
about  twice  the  maximum  amount  adsorbed  from 
aqueous  solutions. 
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Thermodynamics  of  the  Hydrolysis  of  3,4,5- 
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Equilibrium  measurements  at  several  temperatures 
between  293  K  and  309  K  have  been  performed  on 
the  tannase  catalyzed  reaction;  3,4,5- 
trihydroxybenzoic  acid  propyl  ester(sin)  +  H20(sin)  = 
2,4,5-trihydroxybenzoic  acid(sin)  +  propan-1-o1(sin), 
where  sin  =  aqueous  phosphate  buffer,  aqueous  ace- 
tate buffer,  and  toluene.  The  change  in  binding  of  the 
hydrogen  ion  delta(r)N(H+)  for  this  biochemical  reac- 
tion in  aqueous  solution  was  calculated  both  from  an 
equilibrium  model  for  the  biochemical  reaction  and 
from  the  dependence  of  the  apparent  equilibrium  con- 
stant on  pH.  Calorimetric  measurements  were  also 
performed  for  this  biochemical  reaction  in  aqueous 
phosphate  and  2-(N-morpholino)ethanesulfonic  acid 
(MES)  buffers.  Standard  transformed  thermodynamic 
quantities  for  the  overall  biochemical  reaction  as  well 
as  standard  thermodynamic  quantities  for  chemical  ref- 
erence reactions  that  involve  specific  chemical  species 
have  been  calculated  from  the  experimental  results. 
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Neutron-powder-diffraction  (NPD)  measurements  of 
the  hexagonal  rare-earth  trideuteride  gamma-YD3 
were  undertaken  between  10  and  400  K.  Rietveld  re- 
finements indicated  that  the  YD3  structure  possesses 
P3cl(D(sup  4)(sub  3d))  symmetry,  in  agreement  with 
previous  NPD  studies  of  YD3  and  HoD3.  The  unit  cell 
is  a  (sq.  root  of  3  x  sq.  root  of  3)  R30  degrees  expan- 
sion of  the  conventional  hep  unit  cell  in  the  ab  plane. 
To  accomodate  the  D  atoms,  the  c  axis  for  YD3  is  elon- 
gated by  approx  15%(co/ao  =  1.8019(1),  ao  = 
3.6627(1)  Angstrom,  at  295K)  compared  with  that  for 
Y.  The  D  atoms  occupy  unusual  interstitial  positions 
of  a  slightly  distored,  hep  metal  lattice,  instead  of  the 
ideal  octahedral  (o)  and  tetrahedral  (t)  sites.  In  particu- 
lar, the  hypothetical  o-site  D  atoms  are  displaced  verti- 
cally toward  the  Y-defined  basal  planes,  with  cor- 
related placements  at  either  near-plane  or  in-plane 
threefold  metal  (m)  sites.  The  t-site  D(Dt)  atoms  are 
displaced  horizontally,  also  in  a  correlated  fashion,  with 
respect  to  the  m-site  D(Dm)  atoms. 
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The  preparation,  crystal  structure,  dielectric  properties, 
and  magnetic  behavior  of  the  new  compound 
Ba2Fe2Ti4013  are  reported.  Structural  studies  carried 
out  by  single-crystal  X-ray  diffraction  and  neutron  pow- 
der diffraction  show  that  this  phase  is  isostructural  with 
K2Ti6013  and  Ba2ZnTi5013  (C2/m(No.  12);  a  = 
15.216(1),  b  =  3.8979(3),  c  =  9.1350(6)  Angstrom,  Beta 


=  98.460(7)  degrees;  V  =  535.90(8)  Angstrom;  Z  =  2). 
The  cations  Fefsup  3+)  and  Ti(sup  4+)  are  partially  or- 
dered among  distorted  octahedral  sites  with  Ba(sup 
2+)  occupying  eleven-coordinated  polyhedra. 
Ba2Fe2Ti4013  exhibits  TE0  resonance  near  10  GHz 
with  a  dielectric  constant  of  approx.  28  and  a  dielectric 
loss  tangent  of  2  x  10  to  the  minus  3.  The  compound 
displays  complex  paramagnetic  behavior  with  marked 
field  dependence;  the  magnetization  at  80  kA/m  is  sev- 
eral orders  of  magnitude  smaller  than  that  of  most 
ferrites. 
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We  present  a  time-resolved  study  of  excitation  transfer 
processes  between  the  low-lying  excited  states  of  bar- 
ium induced  by  collisions  with  noble  gases.  The  tran- 
sient excited-state  populations  have  been  measured 
by  means  of  fluorescence  and  absorption  spectros- 
copy. Cross  sections  for  spin-changing  collisions  from 
3P1  to  1D2  and  from  1D2  to  3D3  as  well  as  for  fine- 
structure  mixing  within  the  3D  multiplet  were  obtained 
by  fitting  the  numerical  solution  of  a  seven-state  sys- 
tem of  rate  equations  including  diffusion  to  the  experi- 
mental data.  We  compare  our  results  to  experimental 
findings  for  other  alkaline  earth  metals  and  report  an 
improved  value  of  the  lifetime  of  the  6s6p3P1  state  of 
barium. 


01,164 

PB96-201082       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (MEL), 
Gaithersburg,  MD.  Precision  Engineering  Div. 
Scanning  Electron  Microscope  Magnification  Cali- 
bration Interlaboratory  Study. 
Final  rept. 

M.  T.  Postek,  A.  E.  Vladar,  S.  N.  Jones,  and  W.  J. 
Keery.  1993,  2p. 

Pub.  in  Proceedings  of  the  Annual  Meeting  of  the  Mi- 
croscopy Soc'ety  of  America  (51  st),  p1  -2  1 993. 

Keywords:  'Electron  microscopes,  'Scanning, 
"Calibration  standards,  Prototypes,  Lithography,  Elec- 
tron beams,  Fabrication,  Design,  Reprints. 

The  National  Institute  of  Standards  and  Technology 
(NIST)  is  in  the  process  of  developing  a  new  scanning 
electron  microscope  (SEM)  magnification  calibration 
reference  standard  useful  at  both  high  and  low  accel- 
erating voltages.  The  standard  will  be  useful  for  all  ap- 
plications to  which  the  SEM  is  currently  being  used, 
but  it  has  been  specifically  tailored  to  meet  many  of 
the  particular  needs  of  the  semiconductor  industry.  A 
small  number  of  test  samples  with  the  pattern  were 
prepared  on  silicon  substrates  using  electron  beam  li- 
thography at  the  National  Nanofabrication  Facility  at 
Cornell  University.  The  structures  were  patterned  in  ti- 
tanium/palladium with  maximum  nominal  pitch  of  ap- 
proximately 3000  micro  m  scaling  down  to  structures 
with  minimum  nominal  pitch  of  0.4  micro  m.  Several 
of  these  samples  were  sent  out  to  a  number  of  univer- 
sity, research,  semiconductor  and  their  industrial  lab- 
oratories in  an  interlaboratory  study.  The  purpose  of 
the  study  was  to  test  the  SEM  instrumentation  and  to 
review  the  suitability  of  the  sample  design. 
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Injection-moulded  alumina  green  compacts  containing 
polypropylene,  max,  and  stearic  acid  were  studied  for 
binder  distribution  by  proton  nuclear  magnetic  reso- 
nance (1 H  NMR)  imaging.  The  solid  imaging  technique 
of  nuclear  spin-spin  relaxation  time,  T2,  weighted  im- 
aging at  400  MHz  was  used.  This  imaging  technique 
utilizes  a  multiple  pulse  sequence  of  D0-(phi/2)plus  or 
minus  x-tau-D10-D7-(phi)x-D7-D10-AQ-D0  for  echo 
detection  and  phase  encoding.  Two-  and  three-dimen- 
sional images  were  constructed  from  the  intensities  of 
these  nuclear  echo  signals.  Spatially  resolved  two-di- 
mensional images  obtained  by  the  application  of  this 
technique  indicated  that  the  green  compacts  fabricated 
from  the  same  nominal  binder  composition  did  not  con- 
tain the  same  amounts  of  binder.  This  observation 
agrees  well  with  our  previous  conclusion  drawn  from 
nuclear  spin  echo  studies  by  Hahn's  pulse  sequence. 
A  64x64x64  three-dimensional  imaging  revealed  that 
the  inhomogeneity  of  binder  distribution  and  internal 
inperfection  do  exist  at  certain  locations  of  the  sam- 
ples. A  binder-rich  folder  line  was  also  detected  in  one 
of  these  green  compacts. 
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Enthalpy  increments  for  bismuth(cr)  were  measured 
from  4.5  to  318  K  with  an  adiabatic  calorimeter.  The 
calorimeter's  performance  was  demonstrated  through 
comparison  of  measured  enthalpy  increments  for  cop- 
per and  aluminum  oxide  to  literature  values.  The  effect 
that  different  temperature  scales  had  on  these  com- 
parisons for  copper  at  low  temperatures  was  dis- 
cussed. The  new  enthalpy  increments  for  bismuth(cr) 
were  combined  with  previously  measured  thermo- 
dynamic properties  for  temperatures  below  4  K  and 
about  300  K  in  order  to  generate  the  thermodynamic 
properties  of  bismuth(cr)  from  0  K  to  the  melting  point. 
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The  deuterium  isotope  effect  for  the  vinyl  radical  com- 
bination and  disproportionation  reactions  have  been  in- 
vestigated. Protonated  or  deuterated  vinyl  and  methyl 
radicals  are  produced  from  the  193  nm  photolysis  of 
protonated  or  perdeuterated  methyl  vinyl  ketone.  On 
the  basis  of  product  yield  measurements,  no  isotope 
effect  for  the  combination  reactions  of  either  vinyl-vinyl 
or  vinyl-methyl  has  been  observed.  From  the  relative 
yields  of  ethylene,  an  isotope  effect  of  kh/kd=1.20  is 
determined  for  the  vinyl-vinyl  disproportionation  reac- 
tion. 
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The  ultraviolet  absorption  cross  section  of  CF3I  has 
been  measured  in  the  gas  phase  over  the  wavelength 
range  160-240  nm  for  temperatures  240,  295,  355  K 
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and  over  the  wavelength  range  240-350  nm  for  tem- 
peratures ranging  from  218  to  333  K.  Two  intense  and 
sharp  absorption  bands  centered  at  about  1 60  and  1 71 
nm  and  a  broad  and  relatively  strong  band  centered 
at  about  267.5  nm  were  observed.  The  absorption 
band  centered  at  171  nm  shows  significant  vibrational 
structure.  The  cross  sections,  at  absorption  peaks,  be- 
tween 160  and  175  nm,  increased  by  increasing  tem- 
perature. At  the  near-UV  maximum  of  267.5  nm,  the 
absorption  increased  with  decreasing  temperature,  but 
decreased  at  the  lowest  temperature.  At  wavelengths 
greater  than  about  280  nm,  the  absorption  cross  sec- 
tion decreased  with  decreasing  temperature.  The  ab- 
sorption cross  sections  were  found  to  all  fit  a  triple 
Gaussian  expression  for  lambda  greater  than  250  nm. 
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The  temperature  dependence  of  the  UV  absorption 
cross  sections  of  propylene  (CH3CH=CH2)  and  the 
methylacetylene  (CH3C  identical  with  CH)  from  160  to 
200  nm  and  vinylacetylene  (CH2  =  CHC  identical  with 
CH)  from  160  to  240  nm  have  been  measured  in  the 
gas  phase,  for  temperatures  ranging  from  about  220 
to  330  K.  The  propylene  spectrum,  exhibits  a  broad  ab- 
sorption band  with  a  maximum  at  172.0  nm  with  some 
structure  to  the  short  wavelength  side  of  the  broad 
band.  At  the  absorption  peaks  a  small  increase  (about 
5%)  in  the  cross  sections  has  been  observed  with  de- 
creasing temperature  from  333  to  233  K.  At  the  long 
wavelength  tail  of  the  absorptionn  band  the  cross  sec- 
tions are  found  to  decrease  with  decreasing  tempera- 
ture. The  absorption  spectrum  of  methylacetylene  in 
the  region  of  160  to  200  nm  consists  of  a  broad  contin- 
uum with  a  maximum  at  172.4  nm.  The  cross  section 
values,  for  methylacetylene,  near  the  absorption  peak 
are  found  to  remain  nearly  independent  of  temperture. 
However,  at  the  long  wavelength  side  of  the  absorption 
band  the  cross  sections  increase  with  increasing  tem- 
perature. The  spectrum  of  vinylacetylene  consists  of 
a  very  strong  and  structured  absorption  in  the  160  to 
170  nm  region  and  strong  diffuse  bands  between 
around  190  and  230  nm.  The  cross  section  values  at 
the  absorption  peaks,  determined  at  low  temperatures, 
are  significantly  higher  than  those  at  higher  tempera- 
tures. 
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The  authors  consider  a  diffuse-interface  model  for 
fluid-fluid  systems.  In  classical  models,  an  iterface  be- 
tween two  fluids  is  treated  as  infinitely  thin,  or  sharp, 
and  is  endowed  with  properties  such  as  surface  ten- 
sion. Diffuse-interface  theories  replace  this  sharp  inter- 
face with  continuous  variation  of  an  order  parameter 
such  as  density  in  a  way  consistent  with  microscopic 
theories  of  the  interface.  Surface  tension  effects,  for 
example,  are  incorporated  into  the  model  through  a 
modified  stress  tensor  in  the  classical  Navier-Stokes 
equations.  The  authors  relate  the  diffuse-interface 
model  to  classical,  sharp  interface  models  by  deriving 
asymptotically  the  governing  equations  and  the  associ- 
ated boundary  conditions  used  in  the  sharp-interface 
formulation.  The  authors  illustrate  the  diffuse-interface 
approach  by  modeling  internal  gravity  waves,  which 
have  been  observed  experimentally  be  Berg  et  al.  in 
xenon  near  its  critical  point.  The  authors  obtain  static 
density  profiles,  compute  internal  wave  frequencies 


and  compare  with  their  experimental  data  and  theoreti- 
cal (classical)  results  both  above  and  below  the  critical 
temperature.  The  results  reveal  a  singularity  in  the  dif- 
fuse-interface model  in  the  limit  of  incompressible  per- 
turbations. 
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The  NIST/CARB  Biological  Macromolecule  Crystalliza- 
tion Datbase  (BMCD),  NIST  Standard  Reference 
Database  21,  contains  crystal  data  and  crystallization 
conditions  for  biological  macromolecules.  The 
database  entries  include  data  abstracted  from  pub- 
lished crystallographic  reports.  Each  entry  consists  of 
information  describing  the  biological  macromolecule 
crystallization  conditions  for  each  crystal  form.  The 
BMCD  serves  as  the  NASA  Protein  Crystal  Growth  Ar- 
chive in  that  it  conains  protocols  and  results  of  crys- 
tallization experiments  undertaken  in  microgravity 
(space).  These  database  entries  report  the  results, 
whether  successful  or  not,  from  NASA-sponsored  pro- 
tein crystal  growth  experiments  in  microgravity  and 
from  microgravity  crystallization  studies  sponsored  by 
other  international  organizations.  The  BMCD  was  de- 
signed as  a  tool  to  assist  x-ray  crystallographers  in  the 
development  of  protocols  to  crystallize  biological 
macromolecules,  those  that  have  previously  been 
crystallized,  and  those  that  have  not  been  crystallized. 
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A  large  number  of  incorrect  crystal  structures  is  being 
published  today.  These  structures  are  proving  to  be  a 
particular  problem  to  those  of  us  who  are  interested 
in  comparing  structural  moieties  found  in  the 
databases  in  order  to  develop  structure-property  rela- 
tionships. Problems  can  reside  in  the  input  data,  e.g., 
wrong  unit  cell  or  low  quality  intensity  data,  or  in  the 
structural  model,  e.g.,  wrong  space  group  or  atom 
types.  Many  of  the  common  mistakes  are,  however, 
relatively  easy  to  detect  and  thus  should  be  prevent- 
able; at  the  very  least,  suspicious  structures  can  be 
flagged,  it  not  by  the  authors  then  by  the  references 
and,  ultimately,  the  crystallographic  databases.  This 
article  describes  some  of  the  more  common  mistakes 
and  their  effects  on  the  resulting  structures,  lists  a  se- 
ries of  tests  that  can  be  used  to  detect  incorrect  struc- 
tures, and  makes  a  strong  plea  for  the  publication  of 
higher  quality  structures. 
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The  compressed  liquid  densities  and  vapor  pressures 
of  1,1, -difluoroethane  (HFC-152a)  have  been  meas- 
ured, correlated,  and  compared  with  other  data.  The 
liquid  densities  were  measured  with  a  combined  stand- 
ard uncertainty  of  plus  or  minus  0.05%  using  a  vibrat- 
ing tube  densimeter  over  a  temperature  range  of  243 
K  to  371  K  and  at  pressures  from  near  the  saturated 
vapor  pressure  to  6500  kPa;  thus  the  data  extend  near- 
ly to  the  critical  point  (Tc=386.41  K  and  Pc=4514.7 
kPa).  The  vapor  pressures  were  measured  with  a  com- 
bined standard  uncertainty  of  plus  or  minus  0.02% 
using  a  stainless  steel  ebulliometer  in  the  temperature 
range  from  280  K  to  335  K.  Saturated  liquid  densities 
were  calculated  by  extrapolating  the  compressed  liquid 
isotherms  to  the  saturation  pressure. 
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The  authors  calculate,  via  the  Debye-Huckel  theory, 
the  effect  of  ionic  screening  on  the  thermodynamic 
properties  of  an  electrolyte  confined  topologically  to  an 
isotropic  random  fractal  structure  embedded  in  three 
dimensiors.  It  is  found  that  screening  effects  are  gen- 
erally im|  ortant,  even  for  low  fractal  dimensions.  In 
many  instances  crossover  effects  occur,  whereby  with 
increasing  ionic  strength,  a  low  dimension  fractal  is 
more  stabilized  by  screening  than  a  fractal  of  higher 
dimension. 
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Isopiestic  vapor-pressure  measurements  have  been 
performed  for  aqueous  solutions  of  well-characterized 
high-purity  NaBr  from  1.9551  to  9.4778  mol-kg(-1)  at 
298.15  K;  the  highest  five  molatities  correspond  to 
supersaturated  concentrations.  Solubilities  have  also 
been  determined  by  the  methods.  A  few  equilibrations 
were  made  between  solutions  of  NaCI  and  H2S04  to 
refine  the  osmotic  coefficients  of  H2So4  at  high 
molalities.  These  isopiestic  results  for  NaBr  have  been 
combined  with  other  experimental  thermodynamic 
quantities  (vapor  pressures,  activity  coefficients, 
solubilities,  freezing  temperatures,  and  volumetric  and 
calorimetric  measurements)  to  yield  revised  param- 
eters for  an  extended  form  a  Pitzer's  equation  applica- 
ble over  wide  ranges  of  molality,  temperature,  and 
pressure.  It  was  not  possible  to  obtain  a  complete  con- 
sistency between  the  experimental  results  for  either 
the  NaBr  +  H20  system  or  the  NaCI  +  H20  system 
with  entropies  from  the  CODATA  Key  Values  for  Ther- 
modynamics. 
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The  resonance  enhanced  multiphoton  ionization  spec- 
trum of  the  free  radical  SnF  has  been  recorded  using 
excitation  wavelengths  in  the  range  540  to  360  nm. 
The  previously  documented  C2(delta),  D,  E(2)ll,  and 
F(2)sigma  states  and  two  hitherto  unidentified  excited 
states,  the  H  and  l(2)phi  states,  were  all  observed  as 
two-photon  resonances.  Band  contour  simulations 
yielded  spectroscopic  constants  for  the  E,  F,  and  I 
states. 
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Reduction  of  pentafluoroaniline  (PFA)  leads  to  rapid 
fluoride  elimination  to  form  the  aminotetrafluorophenyl 
radical.  This  radical  undergoes  rapid  intramolecular 
electron  transfer  from  the  amino  group  to  the  phenyl 
radical  site  and  protonates  at  the  latter  site  to  form  the 
tetrafluoroaniline  radical  cation  or  its  deprotonated 
form  (pKa  =  2.3).  Oxidizing  radicals  such  as  S04-,  N3, 
and  CI2-  oxidize  PFA  to  the  pentafluoroaniline  radical 
cation.  The  pKa  =  1.9  of  the  pentafluoroaniline  radical 
cation  is  3.6  units  lower  than  that  expected  from  the 
substituent  effects  of  fluorine  atoms.  Addition  of  OH  to 
PFA  is  followed  by  rapid  HF  elimination  to  yield  the 
aminotetrafluorophenoxyl  radical.  In  acidic  solution, 
however,  the  reaction  of  OH  leads  to  formation  of  the 
pentafluoroaniline  radical  cation.  Fluoride  elimination 
upon  reduction  and  upon  OH  addition  to  PFA  was  con- 
firmed by  determination  of  fluoride  ion  yield. 
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With  the  discharge  flow-photoionization  mass  spec- 
trometer (DF-PIMS)  coupled  to  the  U-11  beamline  at 
the  National  Synchrotron  Light  Source,  the  authors 
have  measured  the  ionization  energies  of  C2F4,  CF4, 
and  CF20  and  appearance  energy  of  FCO+  from 
CF20.  The  PIMS  results  corroborate  those  determined 
by  other  techniques.  With  high-level  ab  initio  calcula- 
tions that  utilize  a  large  basis  set  and  isogyric  correc- 
tions, they  have  determined  an  ionization  energy  of  9.3 
plus  or  minus  0.1  eV  for  FCO.  At  298  K,  the  heats  of 
formation  of  FCO  (-152  plus  or  minus  12  kj/mol)  and 
FCO+  (745.3  plus  or  minus  9.6  kj/mol)  (relative  to 
(delta)fH  298  (CF20)=  -607.9  plus  or  minus  7.1  kJ/mol) 
were  determined  and  agree  to  within  the  uncertainties 
of  other  measurements  but  with  much  higher  precision. 
The  authors  have  evaluated  the  bond  strengths  D 
298(F-CFO)  and  D  298(F-CO)  to  be  535  plus  or  minus 
12  and  121  plus  or  minus  12  kJ/mol,  respectively. 
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One-electron  and  two-electron  oxidation  of  2,7,12,17- 
tetrapropylporphycene  (H2TPrPc)  and  its  Fe,  Co,  Ni, 
Cu,  and  Sn  complexes  in  Ch2CI2,  CCI4,  and  2-PrOH 
solutions  have  been  studied  by  radiolytic  techniques. 
Formation  and  decay  of  intermediates  formed  upon 
one-electron  oxidation  have  been  followed  by  kinetic 
spectrophotometric  pulse  radiolysis,  and  the  absorp- 
tion spectra  of  stable  oxidation  products  have  been  re- 
corded following  gamma-radiolysis.  H2TPrPc  is 
oxidized  to  the  pi-radical  cation  and  then  to  the 
dication,  which  is  stable  in  aprotic  solvents  but  is  trans- 
formed to  a  different  product  in  2-PrOH.  Similar  oxida- 
tion to  the  pi-radical  cation  and  then  to  the  dication  was 
observed  for  the  Cull,  SnIV,  Colli,  and  Felll 
porphycenes.  Coll  and  Nill  porphycenes  underwent 
radiolytic  oxidation  to  form  stable  Colli  and  Nilll  prod- 
ucts. The  stability  of  the  latter  is  in  contrast  with  pre- 
vious electrochemical  observations,  the  difference  is 
ascribed  tc  the  effect  of  the  axial  ligand. 
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The  laser  photolytic  production  of  the  IO  radical  from 
N20/I2/N2  mixtures  was  used  to  measure  the  radical 
absorption  spectrum  from  340  to  450  nm.  Two  new  ab- 
sorption peaks  at  403  and  411  nm  were  observed 
along  with  an  underlying  continuum  starting  at  about 
420  nm  and  extended  to  about  350  nm.  An  absorption 
cross  section  (2.8  plus  or  minus  0.5)  x  10(-17)  cm(2), 
in  good  agreement  with  previous  measurements,  was 
determiend  for  the  (4-0)  band  head  at  427.2  nm.  From 
the  rate  of  formation  of  IO  and  the  rate  of  loss  of  12, 
rate  constants  for  the  reactions  O  =  12  ->  IO  +  I  and 
O  +  Ol  ->  02  +  I  of  (1.4  plus  or  minus  0.4)  x  10(-10) 
and  (1 .2  plus  or  minus  0.5)  x  10  to  the  minus  10  power 
cm(3)s(-1),  respectively,  were  derived.  Finally,  from 
the  rate  of  decay  of  IO,  a  rate  constant  for  the  reaction 
IO  +  IO  ->  products  of  (8.0  plus  or  minus  1.8)  x  10(- 
11)  cm(3)s(-1)  was  obtained.  All  of  the  uncertainties 
expressed  are  2  standard  deviations  derived  from  the 
statistical  analysis  and  do  not  include  estimates  for 
possible  systematic  errors. 
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A  general  outline  is  given  of  the  technique  of  fluorine- 
bomb  calorimetry,  including  equipment,  experimental 
procedures,  sample  purity  requirements,  post-combus- 
tion analyses,  and  interpretation  of  the  results.  Some 
recent  measurements  are  described  on  Si2Te3,  SiSe2, 
GeS,  and  GeS2.  How  the  thermochemistry-based  re- 
sults for  the  dissociation  enthalpies  D(sup  o)(sub  m) 
of  the  gaseous  diatomic  molecules  Site,  SiSe,  GeS, 
and  GeSe  correlate  with  the  D(sup  o)(sub  m)  derived 
from  spectroscopy  is  also  discussed. 
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The  review  deals  with  the  critical  assessment  of  the 
thermodynamic  properties  of  several  germanium 
selenides:  GeSe(cr),  GeSe(g),  GeSe2(cr),  GeSe2(g), 
and  Ge2Se2(g).  In  the  absence  of  experimental  infor- 
mation, the  structures,  internuclear  distances,  and  vi- 
brational wavenumbers  were  calculated  for  GeSe2(g) 
and  Ge2Se2(g)  by  molecular  orbital  methods. 
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Molecular  dynamics  simulations  of  the  vapor/solution 
interface,  initiated  from  an  ethanol-water  mixture  at  a 
mole  fraction  of  ethanol,  Xc  =  0.1,  have  been  per- 
formed. Rapid  redistribution  of  ethanol  molecules  to 
the  free  surface  was  observed  during  simulations  of 
two  different  sized  systems.  Inspection  of  the  cal- 
culated surface  structure  reveals  that  after  redistribut- 
ing the  ethanol  molecules  are  preferentially  oriented 
such  that  the  alkyl  group  points  out  the  solution.  A  'de- 
pletion layer'  of  enhanced  water  density  beneath  the 
ethanol  surface  excess  was  revealed  by  the  simula- 
tion. Analysis  of  the  structure  involving  molecules  close 
to  the  surface  shows  that  water  molecules  are  ar- 
ranged to  maximize  the  hydrogen  bonding  between  the 
oriented  ethanol  and  the  adjacent  water  molecules. 
The  enhanced  water  density  beneath  the  interface  re- 
sults from  this  optimization.  The  surface  tension  cal- 
culated from  the  simulation  is  ca.  50%  higher  than  the 
results  of  macroscopic  experimental  measurements. 
This  overestimation  is  attributed  to  shortcomings  to 
both  the  potential  function  and  the  simulation  meth- 
odology. The  number  of  density  profiles  of  the  ethanol 
surface  excess  were  compared  with  results  from  neu- 
tron reflectivity  measurements.  The  calculated  profiles 
agree  better  with  the  experimental  measurements  at 
the  calculated  surface  tension  (i.e.  Xc  =  0.022)  than 
those  reported  forXc  =  0.1  mixtures. 
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A  theory  for  excitons  in  complex  quantum 
nanostructures  with  complicated  geometries  and 
strong  coupling  between  nanostructures  is  presented. 
Effective  mass  models  with  screened  Coulomb  inter- 
action give  reasonable  ground-state  energies  for 
excitons  in  T-shaped  quantum  wires,  coupled  T-quan- 
tum  wires  and  quantum  dot  quantum  wells,  provided 
the  effects  of  complex  geometry  are  included.  A  siz- 
able shift  between  exciton  states  in  quantum  wells  and 
T-shaped  wires  occurs  due  to  a  40%  enhancement  in 
binding  energy,  confirnment  in  the  wire,  and  significant 
interwire  coupling. 


01,184 


141 


CHEMISTRY 

Physical  &  Theoretical  Chemistry 


01,185 

PB97-1 18350       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (PL), 

Gaithersburg,  MD.  Atomic  Physics  Div. 

Quantum  Dots  in  Quantum  Well  Structures. 

Final  rept. 

G.  W.  Bryant.  1996,  12p. 

Pub.  in  Jnl.  of  Luminescence,  v70  p108-1 19  Nov  96. 

Keywords:  'Quantum  dots,  'Energy  levels,  Quantum 
wells,  Strain,  Reprints. 

Recent  progress  toward  fabricating  and  characterizing 
quantum  dots  in  lll-V  quantum  well  structures  is  re- 
viewed. Quantum  dots  made  by  use  of  lithography  and 
etching,  including  deep-etched,  barrier-modulated, 
strain-induced  and  interdiffused  quantum  dots,  are  de- 
scribed. Quantum  dots  fabricated  by  growfh,  including 
natural  quantum  dots,  dots  on  patterned  substrates, 
and  self-assembled  dots,  are  discussed.  Dot  sizes  and 
uniformity,  energy-level  splittings,  and  luminescence 
efficiencies  that  are  now  being  achieved  are  dis- 
cussed. The  status  of  key  issues,  such  as  the  energy 
relaxation  in  quantum  dots,  is  mentioned. 
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The  kinetics  of  the  reaction  of  the  sulfate  radical,  S04, 
with  the  oxalate  anion,  C204(2-),  was  studied  in  aque- 
ous solution  and  second-order  rate  constants,  cor- 
rected for  the  effects  of  ionic  strength,  derived.  Meas- 
urements were  carried  out  over  the  temperature  range 
24  -  60  degrees  C  resulting  in  the  expression  k(0)  = 
2.10  plus  or  minus  0.96  x  10  to  the  8th  power  exp(- 
1080  plus  or  minus  140/T)  L  mol  to  the  minus  1  power 
s  to  the  minus  1  power. 
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When  a  Ne:BCI3  sample  is  codeposited  at  approxi- 
mately 5  K  with  a  beam  of  neon  atoms  that  have  been 
excited  in  a  microwave  discharge,  the  infrared  spec- 
trum of  the  resulting  solid  deposit  shows  a  weak  to 
moderately  intense  absorption  of  BCI2  and  more 
prominent  absorptions  which  are  assigned  to  the  v3 
fundamentals  of  BCI3  (D3h)  and  of  linear, 
centrosymmetric  BCI2.  The  boron-  and  chlorine-iso- 
topic  structure  of  the  spectrum  is  consistent  with  both 
of  these  assignments.  Ab  initio  calculations  support  the 
BCI2  assignment.  An  absorption  is  also  tentatively  as- 
signed to  V3(e)  of  BCI3.  Ab  initio  calculations  for  BCI3 
are  consistent  with  that  assignment.  The  processes 
which  occur  when  the  solid  deposit  is  exposed  to  visi- 
ble and  ultraviolet  radiation  are  considered. 
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When  a  Ne:HBr  or  a  Ne:HI  sample  is  codeposited  at 
approximately  5  K  with  discharge-excited  neon  atoms, 
the  infrared  spectrum  of  the  resulting  solid  includes  not 
only  the  absorptions  of  the  HX  molecule  and  its 
multimers  but  also  a  prominent  absorption  of  HBr+  or 
HI+.  The  absorption  of  each  of  the  two  cations  lies 
close  to  its  gas-phase  band  center.  The  vibrational  fun- 
damentals of  DBr-i-  and  DI+  are  also  identified  in  ex- 
periments on  deuterium-enriched  samples.  Other  infra- 
red absorptions  are  assigned  to  normal  and  deuterium- 
substituted  (HBr)2+  and  (Hl)2+,  as  well  as  to  BrHBr- 
,  and  IHI-.  Studies  of  changes  in  the  absorption  spec- 
trum which  result  from  exposure  of  the  deposit  to  fil- 
tered visible  and  near  ultraviolet  radiation  support 
these  assignments  and  provide  further  information  on 
photodissociation  and  photodetachment  processes 
which  occur  in  these  systems. 
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Past  work,  treating  simple  metals  in  the  GW  approxi- 
mation, has  largely  neglected  effects  of  self-consist- 
ency and  higher-order  vertex  corrections  on  occupied 
bandwidths.  The  work  presents  self-consistent  GW  re- 
sults, plus  nearly  self-consistent  higher-order  results, 
for  jellium,  illustrating  that  both  effects  are  large,  yet 
largely  canceling  (e.g.,  0.65-eV  effects  on  the  sodium 
bandwidth,  but  a  combined  effect  of  only  0.13  eV).  This 
supports  findings  that  many-body  effects  substantially 
reduce  such  bandwidths. 
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The  massic  (formerly  called  specific)  energies  of  com- 
bustion in  fluorine  of  two  different  specimens  of 
trimolybdenum  monosilicide  have  been  measured  in  a 
bomb  calorimeter  and  the  standard  molar  enthalpy  of 
formation  delta(f)H(m)(Mo3Si,cr,298.15  K)  determined 
to  be  -(125.2  plus  or  minus  5.8)  kJ-mol  to  the  minus 
one  power.  A  critical  evaluation  of  the  thermodynamic 
properties  of  Mo3Si  is  also  presented,  and  rec- 
ommended values  for  the  standard  molar  enthalpy  in- 
crements, standard  molar  heat  capacities,  standard 
molar  enthalpies  of  formation,  and  standard  molar 
Gibbs  free  enesgeis  of  formation  have  been  tabulated 
to  T  =  2300  K. 
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Alkylperoxyl  and  arylperoxyl  radicals  were  produced  by 
pulse  radiolysis  in  aqueous  solutions,  and  their  reac- 
tions with  ferrous  and  ferrocyanide  ions  were  studied 
by  kinetic  spectrophotometry.  Oxidation  of  Fe(CN)6(4- 
)  took  place  with  rate  constants  that  varied  from  less 
than  1  x  10  to  the  5th  power  to  5  x  10  to  the  7th  power 
L  mol(-1)s(-1),  depending  on  the  electron-withdrawing 
effects  of  the  substituents  on  the  peroxyl  radical  and 
presumably  reflecting  variations  in  reduction  potential 
of  the  peroxyl  radical,  as  expected  for  outer-sphere 
electron  transfer.  Oxidation  of  Fe(aq)(2+),  on  the  other 
hand,  took  place  by  an  inner-sphere  mechanism  con- 
trolled by  the  rate  of  dissociative  interchange  of  the 
water  ligand.  The  rate  constants  were  nearly  the  same 
for  all  the  peroxyl  radicals  examined  (k=(0.5  -  1.1)  x 
10  to  the  6th  power  L  mol(-1)s(-1))  and  involved  the 
formation  of  a  transient  intermediate,  R02(-)Fe(3+), 
which  later  decomposed  to  yield  Fe(aq)(3+).  The  de- 
composition was  accelerated  by  H(+)  and  by  Fe(2+). 
The  proposed  mechanism  is  a  modification  of  a  pre- 
viously suggested  reaction  scheme. 
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The  perpendicular  band  of  the  fourfold  degenerate  C- 
H  stretching  vibration  of  dimethylacetylene  (2-butyne) 
occurring  in  the  region  2955-3065  cm(-1)  has  been 
measured  with  Doppler-limited  resolution  at  a  tempera- 
ture of  approximately  195  K  on  a  difference-frequency 
laser  spectrometer,  and  on  a  high-resolution  Fourier 
transform  instrument  at  room  temperature  as  well  as 
in  a  molecular  jet  at  approximately  20  K.  From  a  de- 
tailed rotational  analysis  of  this  complex  band,  based 
on  an  extension  of  the  mode  of  the  rotational-torsional 
interactions  described  by  P.  R.  Bunker  and  C.  di  Lauro 
(Chem.  Phys.  190,  159-169,  1995),  accurate 
spectroscopic  constants  were  determined  for  the  upper 
CH  stretching  state,  along  with  values  for  the  first  three 
components  of  the  Fourier  expansion  for  the  torsional 
potential  in  the  ground  state,  and  for  six  components 
of  this  potential  in  the  upper  state.  Over  700  lines  as- 
signed to  37  well-resolved  subbands  plus  25  additional 
unresolved  line-like  Q-branches  were  fitted  with  an 
overall  standard  deviation  of  0.0024  cm(-1).  the  results 
yield  a  value  of  6.316  plus  or  minus  0.034  cm(-1)  for 
the  barrier  to  internal  rotation  in  the  ground  state,  and 
6.643  plus  or  minus  0.006  cm(-1)  for  the  C-H  stretching 
state.  This  value  for  the  ground  state  barrier  is  some- 
what higher  than  that  recently  determined  from  an 
analysis  of  the  CH3  rocking  band  by  P.  R.  Bunker  et 
al. 
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In  theories  of  photoelectron  angular  distributions  at  soft 
x-ray  energies  from  1keV  to  10  keV,  first-order  correc- 
tions to  the  dipole  approximation  give  rise  to  two  non- 
dipolar  asymmetry  parameters  in  addition  to  the  well- 
known  dipolar  asymmetry  parameter,  beta.  The  non- 
dipolar  parameters  characterize  the  forward/backward 
asymmetry  with  respect  to  the  propagation  vector  of 
the  photon  beam.  Experimentally,  the  measurement  of 
the  non-dipolar  effect  has  been  hampered  because  of 
the  complications  resulting  from  the  three-parameter 
angular  distribution.  In  the  paper,  the  authors  suggest 
various  experimental  approaches  to  the  measurement 
of  the  three  asymmetry  parameters  using  partially  lin- 
early polarized  x-rays,  corresponding  to  measure- 
ments on  synchrotron  radiation  beamlines.  They 
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decribe  methods  to  extract  the  asymmetry  parameters 
using  such  approaches. 
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Quantum-mechanical  transport  cross  sections  are  ac- 
curately computed  from  recent  spectroscopic  poten- 
tials for  the  three  lowest  energy  levels  of  the  molecular 
ion  HeAr+.  Statistical  and  ground  state  combinations 
of  the  cross  sections  are  used  to  compute  the  transport 
coefficients  describing  the  motion  of  Ar+  ions  through 
He  gas  at  4.35  K.  The  calculated  mobilities  do  not 
show  the  rapid  decrease  of  the  experimental  values  as 
the  ratio  of  the  electric  field  strength  to  the  gas  number 
density  becomes  very  small.  The  experimental  obser- 
vations therefore  are  not  due  to  the  effects  of  orbiting 
resonance. 
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A  thermal  pulse  study  of  the  polarization  profiles  in 
samples  of  12-micrometer-thick,  biaxially  oriented 
polyvinylidene  fluoride  after  corona  poling  under  ap- 
proximately constant-current  conditions,  using  a  modi- 
fied corona  triode  in  atmospheric  air,  is  reported.  An 
electrical  characterization  of  the  corona  triode  is  also 
reported  to  show  how  it  may  be  operated  in  the  con- 
stant-current mode.  Samples  poled  without  electrode 
on  the  corona-exposed  surface  show  polarization  dis- 
tributions sensitive  to  the  corona  polarity,  with  polariza- 
tion depletion  on  the  corona  side  of  the  samples  when 
the  corona  is  positive.  Polarization-reversal  experi- 
ments show  switching  inhomogeneities  with  a  pro- 
nounced dependence  on  the  initial  corona  polarity.  The 
above  observations  are  consistent  with  a  simple  model 
in  which  positive  charges  from  the  positive  corona  par- 
tially penetrate  the  sample  during  poling  and  cause  an 
inhomogeneous  reduction  of  the  poling  field. 
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The  effect  of  shear  on  the  morphology  of  a  triblock  co- 
polymer of  polystyrene-d8/polybutadiene/polystyrene- 
d8  (SBS)  (23  wt.  %  styrene-d8,  cylindrical  morphology) 
was  studied  by  small  angle  neutron  scattering  (SANS) 
and  transmission  electron  microscopy  (TEM).  The  co- 
polymer was  sheared  (0.585/s  at  1 00  C)  in  a  cone-and- 


plate  rheometer  and  quenched  to  room  temperature. 
The  morphology  consisted  of  two  distinct  structures,  in- 
cluding a  primary  cylindrical  spacing  of  22  nm,  as  ex- 
pected for  the  equilibrium  state,  and  a  secondary  spac- 
ing of  12  nm,  which  is  hypothesized  to  be  a  shear-ex- 
cited state  for  this  material.  A  mechanism  for  producing 
such  a  unique  morphology  is  proposed  to  be  the  con- 
version of  a  bridging  configuration  between  cylinders 
to  a  looping  configuration. 
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The  phenomenon  of  shear  induced  'mixing'  and 
'demixing'  in  polymer  solutions  has  attracted  theoreti- 
cal and  experimental  attention  since  the  1950's. 
Helfand  and  Fredrickson  (HF)  developed  a  theory 
which  is  appropriate  for  describing  the  distorted  scat- 
tering in  polymer  solutions  at  low  shear  rates,  but  the 
HF  theory  is  not  applicable  to  fluids  in  the  non-Newto- 
nian flow  regime.  The  range  of  shear  rates  where  PS/ 
DOP  solutions  becomes  turbid  to  the  eye  is  typically 
>  100/s  in  our  experiments  where  the  HF  theory  is  not 
applicable.  We  have  conducted  small  angle  neutron 
scattering  (SANS)  investigations  of  these  PS/DOP  so- 
lutions at  high  shear  rates  in  order  to  examine  the  scat- 
tering in  this  'strong  shear'  regime. 
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We  examine  a  styrene-butadiene-styrene  triblock  co- 
polymer (23  wt.  %  styrene,  cylindrical  morphology, 
M(sub  w)  =  8,000/54,000/8,000)  in  two  ways:  (a)  the 
shear  rate  and  temperature  dependence  of  the  steady 
shear  small  angle  neutron  scattering  (SANS)  patterns; 
(b)  the  transient  SANS  behavior  during  steady  shear 
as  a  function  of  temperature  and  shear  rate.  At  low 
shear  rates,  above  and  below  the  triplet  optical  density 
(ODT),  an  isotropic  scattering  pattern  is  observed. 
Below  the  quiescent  ODT,  at  somewhat  higher  shear 
rates,  the  sample  orients  in  the  flow  direction  and  the 
scattering  becomes  anisotropic.  Below  ODT,  at  even 
higher  shear  rates,  a  second  pair  of  diffraction  spots 
are  observed  at  higher  q.  In  the  third  regime,  the  inten- 
sity of  the  low  q  peak  passes  through  two  distinct  maxi- 
ma and  a  minimum.  The  intensity  of  the  higher  q  peak 
appears  to  pass  through  a  maximum  at  the  same  time 
the  low  q  peak  is  at  a  minimum. 
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In  the  report  neutron  reflectivity  studies  on  the  tem- 
perature dependence  of  the  morphology  of  diblock  co- 
polymers in  the  vicinity  of  the  microphase  separation 
transition  temperature  (MST)  is  discussed.  At  tempera- 
tures below  the  MST  the  ordered  multilayered  lamellar 
morphology  is  found  to  penetrate  through  the  entire 
specimen.  At  temperatures  above  the  MST  the  peri- 
odic variation  in  the  composition  of  the  components  is 
maintained  but  a  clear  dissipation  of  the  order  is  found 
with  increasing  distance  from  either  the  air  copolymer 
or  copolymer/substrate  interfaces.  An  exponentially 
damped  squared  cosine  function  from  both  interfaces 
is  found  to  well  describe  the  reflectivity  results.  The 
characteristic  decay  length  is  found  to  decrease  with 
increasing  temperature  in  accordance  with  mean  field 
arguments.  Results  from  two  different  copolymers  with 
two  different  molecular  weights  and,  consequently,  two 
different  MSTs  are  found  to  be  identical  on  a  reduced 
temperature  scale. 
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A  new  class  of  interpenetrating  polymer  network  (IPN) 
has  been  studied  in  which  grafting  reactions  between 
the  two  components  are  varied.  Small-angle  neutron 
scattering  of  grafted  and  nongrafted  IPNs  shows  that 
grafting  greatly  enhances  the  miscibility  of  the  compo- 
nents. Five  nonfunctionalized  poly(methyl 
methacrylates)  (PMMAs)  with  alkacrylate,  methacry- 
late,  acrylate,  and  alpha-methylstyrene  end  groups 
were  dissolved  in  styrene-divinylbenzene  and  polym- 
erized. Small-angle  X-ray  scattering  was  used  to  char- 
acterize the  extent  of  phase  separation.  The  uniformity 
of  the  IPNs  is  strongly  dependent  on  the  grafting  effi- 
ciency. Grafted  and  nongrafted  IPNs  were  also  made 
from  the  PMMAs  and  polyethylene  glycol  diacrylates. 
Thermal  studies  showed  one  transition  in  the  grafted 
samples  and  two  distinct  transitions  in  a  nongrafted 
sample. 
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An  optical  sensor,  consisting  of  optical  fibers  to  trans- 
mit light  to  and  from  the  mold  cavity,  was  constructed 
for  the  purpose  of  measuring  the  onset  of  polymer  so- 
lidification during  injection  molding.  The  sensor  was 
used  to  detect  characteristic  fluorescence  radiation 
from  a  dye  which  had  been  doped  into  the  resin  at  very 
low  concentration.  By  measuring  changes  in  fluores- 
cence intensity,  it  was  possible  to  detect  whether  the 
state  of  the  resin  was  liquid  or  solid.  We  observed  that, 
as  the  resin  cooled  in  the  mold,  the  onset  of  solidifica- 
tion was  indicated  by  highly  characteristic  and  distinct 
changes  in  the  fluorescence  intensity/time  profile.  Ap- 
plication of  the  method  involved  the  use  of  a  calibration 
relationship  between  the  fluorescence  intensity  and 
temperature  of  the  doped  polymer  in  order  to  deter- 
mine the  distinct  features  which  characterize  the  onset 
of  solidification.  Injection  molding  of  a  glass  forming 
polymer  (polystyrene)  and  a  crystallizable  polymer 
(polyethylene)  was  monitored  by  this  technique. 
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The  phase  behavior  of  a  blend  containing 
poly(hydroxypropyl-L-glutamine),  a  rod-like 
polypeptide,  and  a  coil-like  random  copolymer  with 
1.5%  hydrogen  bonding  monomer  is  studied  using  light 
scattering,  DSC,  and  optical  microscopy.  The  results 
show  that  this  system  has  an  LCST.  The  phase  behav- 
ior of  this  binary  system  is  complicated  by  a  glass  tran- 
sition and  an  ordering  transition.  Evidence  is  also  ob- 
served of  a  possible  change  in  phase  demixing  proc- 
ess, from  nucleation  and  growth  to  spinodal  decompo- 
sition, for  a  50/50  blend  with  a  change  in  temperature. 
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The  theories  of  Dolan  and  Edwards  and  Eisenriegler 
et  al.  for  Gaussian  chains  confined  between  parallel 
plates  and  to  a  half-space  are  generalized  to  chains 
having  arbitrary  stiffness.  The  generalized  theory  ex- 
ploits a  recently  discovered  relation  between 
semiflexible  polymers  and  Euclidean-type  Dirac 
fermions  in  which  'flexible'  and  'stiff  polymers  cor- 
respond to  the  nonrelativistic  (massive)  and  relativistic 
(massless)  limits  of  the  Dirac  propagator,  respectively. 
We  show  that  half-space  and  parallel-plate  problems 
are  interrelated  and  this  allows  for  a  simplified  and  uni- 
fied treatment  of  confined  semiflexible  polymers.  The 
properties  of  confined  semiflexible  chains  exhibit  a 
complicated  dependence  on  the  polymer-surface  inter- 
action and  chain  stiffness.  Results  for  polymer  dimen- 
sions and  entropic  Casimir-like  forces  between  plates 
are  consistent  with  those  obtained  previously  for  flexi- 
ble chains  and  corresponding  results  are  obtained  for 
semiflexible  polymers.  The  new  results  for  the  forces 
between  plates,  having  a  semiflexible  polymer  in  the 
gap,  exhibit  qualitative  agreement  with  experimental 
data  on  confined  chains  at  nonvanishing  concentra- 
tions. 
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The  fluorescence  spectrum  of  1-(4- 
dimethylaminophenyl)-6-phenyl-1 ,3,5-hexatriene 
(DMA-DPH)  dissolved  in  a  stoichiometric  mixture  of 
diglycidyl  ether  of  bisphenol  A  and  diethylene  triamine 
was  measured  as  a  function  of  cure  time  at  various 
cure  temperatures.  The  frequency  of  the  fluorescence 
maximum  for  DMA-DPH  increased  during  the  curing 
reactions  because  of  the  change  in  the  polarity  of  the 
epoxy  resin.  In  an  isothermal  cure,  the  fluorescence 
frequency  increased  linearly  with  the  cure  time  until  the 
gelation  occurred.  The  total  change  in  fluorescence 
frequency  that  occurred  from  the  beginning  of  the  iso- 


thermal cure  to  the  gelation  time  was  1,000/cm  and 
was  independent  of  the  cure  temperature,  implying  that 
the  chemical  structure  of  the  infinite  network  at  the  ge- 
lation time  was  independent  of  the  cure  temperature. 
The  rate  constant,  K(sub  T),  for  the  polarity  change 
during  an  isothermal  cure  of  the  epoxy  resin,  defined 
as  the  rate  constant  for  the  linear  increase  in  fluores- 
cence frequency,  was  determined.  The  activation  en- 
ergy of  K(sub  T)  was  estimated  to  be  60  kJ/mol. 
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The  electron  beam  induced  branching  of 
poly(vinylmethyl  ether)  (PVME)  in  bulk  and  in 
isopropanol  solutions  has  been  studied  by  gel  perme- 
ation chromatography.  The  branching  probability  of 
bulk  PVME  induced  by  high-energy  electrons  can  be 
characterized  by  gel  permeation  chromatography  and 
a  simple  probability  constant  obtained.  In  isopropanol 
solutions  this  branching  probability  is  not  constant  as 
a  function  of  dose  and  is  found  to  decrease  with  de- 
creasing concentration.  These  results  indicate  the  im- 
portance of  solvent  effects  on  the  crosslinking  of  PVME 
in  isopropanol  solution  by  electron  beam  radiation. 
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Neutron  reflectometry  is  used  to  obtain  a  direct  meas- 
urement of  the  monomer  distribution  of  a  weakly  bound 
end-grafted  polystyrene  layer  in  equilibrium  with  bulk 
solution,  as  a  function  of  the  polymer  concentration 
and  temperature.  We  report  for  the  first  time  two  new 
regions  in  the  density  profile  of  the  polymers,  an  ex- 
cess polymer  near  the  surface  and  a  wetting  layer  on 
top  of  the  brush.  The  physical  properties  of  the  polymer 
layer  are  strongly  affected  by  the  equilibrium  between 
the  bound  and  free  polymer  molecules. 
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Previously  it  was  shown  that  the  bulk  reaction  alkyl 
acrylates  with  paraformaldehyde  catalyzed  by 
triethylenediamine  yields  bis(acrylate)  monomers  hav- 
ing a  1,6  diene  structure  which  favors  free  radical 
cyclopolymerization  via  6-membered  ring  formation.  In 
this  study  the  feasibility  of  extending  this  reaction  to 
convert  fluoro-acrylates  and  -diacrylates  to  difunctional 
and  oligomeric  fluorinated  monomers  was  explored. 
The  reaction  of  2,2,3,3,4,4,4-heptafluorobutyl  acrylate 
(7FBA)  under  the  usual  ambient,  bulk  conditions  yield- 
ed only  trace  amounts  of  products.  Elevated  tempera- 
ture (80C)  and  the  use  of  dimethyl  sulfoxide  resulted 
in  an  improved  yield  of  two  types  of  bis  products,  a 


1,4-diene  as  well  as  the  expected  1,6  diene  (proton 
NMR).  The  analogous  reaction  with  2,2,3,3,4,4- 
hexafluoropentane-1,5-diacrylate  yields  a  soluble, 
highly  fluorinated,  multifunctional  oligomer.  This  type 
of  aldehyde  insertion  reaction  offers  an  attractive 
means  of  preparing  otherwise  not  readily  available 
highly  fluorinated  multifunctional  monomers. 
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The  dependence  of  Flory-Huggins  interaction  param- 
eter chi  on  temperature,  composition,  and  chain  length 
was  investigated  for  binary  blends  of  amorphous 
model  polyolefins,  materials  which  are  structurally 
analogous  to  copolymers  of  ethylene  and  butene-1. 
The  components  were  prepared  by  saturating  the  dou- 
ble bonds  of  nearly  monodisperse  polybutadienes 
(78%,  88%,  and  97%  vinyl  content)  with  H2  and  D2, 
the  latter  to  provide  contrast  for  small-angle  neutron 
scattering  (SANS)  experiments.  Values  of  chi  were  ex- 
tracted from  SANS  data  in  the  single-phase  region  for 
two  series  of  blends,  H97/D88  and  H88/D78,  using  the 
random  phase  approximation  and  the  Flory-Hugnins 
expression  for  free  energy  of  mixing.  These  v;  jes 
were  found  to  be  insensitive  to  chain  length  (one  test 
only)  and  to  the  component  volume  fractions  for  phi 
=  0.25,  0.50,  and  0.75.  Their  temperature  dependence 
(27-170  C)  obeys  the  form  chi(T)  =  A/T  +  B  with  coeffi- 
cients that  connote  upper  critical  solution  behavior. 
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Polybutadiene  tagged  with  anthracene  was  syn- 
thesized and  used  as  a  fluorescent  molecular  probe 
to  study  shear-induced  orientation  in  a  matrix  polymer 
melt.  With  the  tagged  polybutadiene  doped  into  a 
polybutadiene  matrix  at  0.1%  concentration,  steady- 
state  fluorescence  anisotropy  measurements  were 
carried  out  under  zero  shear  and  under  finite  shear 
conditions  using  an  optically  instrumented  cone  and 
plate  rheometer.  Measurements  were  made  over  a 
shear  rate  range  for  which  the  specimen  displayed 
non-Newtonian  behavior,  .00264  to  5.3/S.  Anisotropy 
was  observed  to  decrease  with  increasing  applied 
shear  stress.  The  magnitude  of  the  effect  is  small  and 
is  attributed  to  shear-induced  orientation  of  the  probe 
molecule  which  is  engaged  in  the  entanglement  net- 
work of  the  host  polymer.  Diluting  the  entanglement 
network  using  plasticizer  produced  a  smaller  effect. 
For  polybutadiene  plasticized  with  50%  cetane,  the  au- 
thors observed  that  anisotropy  was  independent  of  the 
applied  shear  stress,  indicating  that  the  probe  mol- 
ecule was  not  participating  in  the  orientation  of  the  ma- 
trix entanglement  network.  A  relationship  between  ani- 
sotropy, chromophore  relaxation  time,  and  orientation 
factors  was  derived  and  used  to  deduce  an  orientation 
distribution  of  fluorescent  absorption  dipoles  and  to  il- 
lustrate the  difference  between  shear  and  extension 
stress  observations.  Extension  experiments,  carried 
out  using  a  cross-linked  polybutadiene  specimen, 
showed  that  anisotropy  increased  as  a  function  of  ap- 
plied extensional  stress. 
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Polybutadiene  tagged  with  anthracene  was  syn- 
thesized and  used  as  a  fluorescent  molecular  probe 
to  study  shear  induced  orientation  in  a  matrix  polymer 
melt.  With  the  tagged  polybutadiene  doped  into  a 
polybutadiene  matrix  at  0.1%  concentration,  steady 
state  fluorescence  anisotropy  measurements  were 
carried  out  under  zero  shear  and  under  finite  shear 
conditions  using  an  optically  instrumented  cone  and 
plate  rheometer.  For  polybutadiene  plasticized  with 
50%  cetane,  we  observed  that  anisotropy  of  the  tagged 
polybutadiene  was  independent  of  the  applied  shear 
stress  indicating  that  the  probe  molecule  was  not  par- 
ticipating in  the  orientation  of  the  matrix  entanglement 
network. 
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Polybutadiene  tagged  with  anthracene  was  syn- 
thesized and  used  as  a  fluorescent  molecular  probe 
to  study  shear  induced  orientation  in  a  matrix  polymer 
melt.  With  the  tagged  polybutadiene  doped  into  a 
polybutadiene  matrix  at  0.1%  concentration,  steady 
state  fluorescence  anisotropy  measurements  were 
carried  out  under  zero  shear  and  under  finite  shear 
conditions  using  an  optically  instrumented  cone  and 
plate  rheometer.  For  polybutadiene  plasticized  with 
50%  cetane,  we  observed  that  anisotropy  of  the  tagged 
polybutadiene  was  independent  of  the  applied  shear 
stress  indicating  that  the  probe  molecule  was  not  par- 
ticipating in  the  orientation  of  the  matrix  entanglement 
network. 
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A  general  model  for  the  phase  behavior  of  polymer- 
polymer  aqueous  two-phase  systems  containing  small 
amounts  of  added  inorganic  salts  has  been  developed 
from  statistical  thermodynamics.  The  model  is  based 
on  the  solution  theory  of  Hill  and  new  electrolyte  model 
based  on  Fluctuation  Solution  Theory.  It  includes  the 
effect  of  polymer  molecular  weight  with  scaling  expres- 
sions from  the  Renormalization  Group  theory  of  poly- 
mer solutions.  The  model  has  been  used  to  calculate 


the  phase  diagram  and  the  partitioning  of  salt  for  an 
aqueous  two-phase  system  containing  polyethylene 
glycol  (MW=8000)  and  dextran  (MW=28700)  with 
Na2S04.  The  calculations  have  been  compared  to  ex- 
periment with  good  agreement. 
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The  authors  calculate  the  force  on  a  long  linear  poly- 
mer molecule  whose  one  end  is  zippered  down  onto 
a  surface  or  onto  a  line  and  whose  other  end  is  at  a 
perpendicular  distance  R  from  the  surface  of  line.  Ran- 
dom coil  statistics  are  used  for  the  unattached  portion 
of  the  chain.  The  method  is  extended  to  the  case  when 
the  bonds  within  the  zippered  portion  are  breaking  and 
reforming.  They  also  consider  the  case  where  the  at- 
tached portion  is  in  the  form  of  loops  and  trains.  Appli- 
cations are  discussed  briefly.  They  include  (1)  Self- 
healing  systems  of  gels  and  rubbers  where  the  cross- 
links may  be  hydrogen  bonds,  (2)  Adhesion,  (3)  The 
degree  of  crystallinity  in  crystal-amorphous  lamellar 
system,  (4)  The  packing  of  DNA  into  the  head  of  a 
bacteriophage  virus,  and  pulling  apart  of  double 
stranded  DNA,  (5)  An  insight  into  the  theory  of  rubber 
elasticity,  (6)  Understanding  the  critical  force  for  flow 
in  thixotropic  systems. 
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For  a  particular  crosslinking  polymer,  it  is  often  consid- 
ered that  the  final  state  of  crosslinking  may  be  reached 
by  post-curing  at  temperatures  above  its  ultimate  glass 
transition  temperature,  T(sub  g,u)  regardless  of  pre- 
vious curing  histories.  Although  this  appears  to  be  true 
over  a  certain  range  of  variation  in  curing  history,  the 
T(sub  g,u)  and  the  network  structure  depend  strongly 
on  the  curing  history  over  a  wide  range  of  conditions 
for  the  homopolymerization  of  diglycidyl  ether  of 
bisphenol-A  (DGEBA)  catalyzed  by  2-ethyl-4-methyl 
imidazole.  As  degrees  of  cure  and  crosslink  increase, 
the  glass  transition  temperature,  T(sub  g),  of  a  sample 
may  increase  from  the  monomeric  DGEBA  value  of  -22 
C  to  the  highest  value  near  180  C.  Depending  on  the 
curing  thermal  history,  some  samples  may  only  attain 
a  T(sub  g,u)  of  approximately  100  C,  even  after  post- 
curing  at  200  C  for  16  h.  Although  the  influence  of  ther- 
mal history  on  T(sub  g)  may  rank  second  after  the  influ- 
ence of  the  degree  of  cure,  it  is  the  most  important  fac- 
tor on  T(sub  g,u)  for  a  fixed  resin  and  catalyst  composi- 
tion. The  reversible  physical  aging  process  appears  to 
be  the  least  influential  on  T(sub  g).  As  all  crosslinking 
reactions  involve  competing  reactions  with  different  ki- 
netic parameters,  we  believe  that  these  phenomena 
are  universally  observable  to  a  greater  or  lesser  de- 
gree in  all  crosslinking  reactions. 
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The  self-avoiding  walk  (SAW)  exponents  nu  and 
gamma  are  computed  over  a  range  of  dimensions  (1 
=  or  <  d  <  infinity)  from  exact  expressions  for  the  mean- 
square  end-to-end  distance  <  R(sub  n,  sup  2)  >  and 
the  partition  function  Q(sub  n)  of  SAWs  having  a  lim- 
ited number  of  steps,  n  =  or  <  11.  SAW  exponents  (nu, 
gamma)  for  arbitrary  dimension  d  are  estimated  by  ap- 
plying standard  extrapolation  techniques  to  our  direct 
enumeration  data  which  has  been  analytically  contin- 
ued to  variable  dimension.  Exponent  estimates  ob- 
tained from  continuum  theories  of  self-avoiding  paths 
are  compared  with  the  SAW  calculations. 
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The  success  of  the  localization  model  in  describing  the 
elasticity  of  unswollen  natural  rubber  is  reviewed  and 
the  model  is  extended  to  describe  the  elasticity  of  swol- 
len networks.  In  contrast  to  the  Frenkel-Flory-Rehner 
modeling  of  network  elasticity,  the  localization  model 
predicts  that  the  mechanical  response  of  swollen  rub- 
bers changes  qualitatively  in  going  from  low  to  high 
cross-link  densities.  The  implications  of  these  pre- 
dictions are  discussed. 
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Although  the  lattice  cluster  theory  (LCT)  incorporates 
many  features  which  are  essential  in  describing  real 
polymer  blends,  such  as  compressibility,  monomer 
structures,  local  correlations,  chain  connectivity,  and 
polymer-polymer  interactions,  it  still  remains  a  mean 
field  theory  and  is  therefore  not  applicable  in  the  vicin- 
ity of  the  critical  point  where  critical  fluctuations  be- 
come large.  The  LCT,  however,  permits  formulating 
the  Ginzburg  criterion,  which  roughly  specifies  the  tem- 
perature range  in  which  mean  field  applies.  The 
present  treatment  abandons  the  conventional  assump- 
tions of  incompressibility  and  of  composition  and  the 
molecular  weight  independent  effective  interaction  pa- 
rameter upon  which  all  prior  analyses  of  the  Ginzburg 
criterion  are  based.  Blend  compressibility,  monomer 
structure,  and  local  correlations  are  found  to  exert  pro- 
found influences  on  the  blend  phase  diagram  and  other 
critical  properties  and,  thus,  exhibit  a  significant  impact 
on  the  estimate  of  the  size  of  the  nonclassical  region. 
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Fluorescence  recovery  after  photobleaching  (FRAP)  is 
a  technique  to  measure  the  translational  diffusion  coef- 
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ficient  of  dye  molecules  in  polymer  matrices.  The  sen- 
sitivity of  the  diffusion  coefficient  to  the  degree  of  cure 
of  the  polymer  matrix  provides  a  means  to  monitor 
cure.  The  aim  of  the  present  work  is  to  examine  the 
potential  of  optic  fibers  as  a  means  probing  the  interior 
of  thick  specimens  by  FRAP.  The  temporal  response 
of  the  fluorescence  intensity  has  been  calculated  for 
an  evanescent  wave  type  fiber  optic  probe.  With  this 
probe,  the  evanescent  wave  of  the  photobleaching 
laser  creates  a  region  near  the  fiber  surface  devoid  of 
fluorescent  molecules.  The  diffusion  coefficient  of  the 
dye  molecule  is  determined  from  the  temporal  re- 
sponse of  the  fluorescence.  With  fiber  optics  it  should 
be  possible  to  measure  translational  diffusion  coeffi- 
cients an  order  of  magnitude  smaller  than  those  de- 
tected by  the  conventional  microscope-based  method. 
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Multiblock  copolymers  were  prepared  by  anionic 
copolymerization  of  deuterated  and  classical  styrene 
monomers.  The  use  of  bifunctional  initiators  gives  co- 
polymers with  an  odd  number  of  sequences.  Neutron 
scattering  experiments  were  performed  on  these  sam- 
ples in  order  to  check  the  existing  theories  which  are 
extended  in  the  first  part  to  multiblock  copolymers  with 
an  odd  number  of  blocks.  The  agreement  between  the- 
ory and  experiment  is  excellent  and,  surprisingly,  the 
height  of  the  maximum  of  the  curves:scattered  inten- 
sity versus  scattering  angle,  does  not  depend  on  the 
number  of  blocks. 
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Small  angle  neutron  scattering  (SANS)  has  been  used 
to  study  the  concentration  fluctuations  of  binary  poly- 
mer mixtures  under  shear.  Two  different  polymer  sys- 
tems: deuterated  polystyrene/poly(vinylmethylether) 
and  deuterated  polystyrene/polybutadiene  have  been 
studied  as  a  function  of  temperature  and  shear  rate. 
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We  investigated  lateral  and  vertical  one-dimensional 
components  of  radius  of  gyration  for  a  single  block  co- 
polymer chain  (Study  I)  and  those  of  a  single 
homopolymer  chain  (Study  II)  in  a  microdomain  space 


formed  by  a  mixture  of  diblock  copolymers  and 
homopolymers  by  means  of  small-angle  neutron  and 
X-ray  scattering  techniques.  The  molecular  weights  of 
the  homopolymers  were  much  smaller  than  those  of 
the  corresponding  block  copolymer  chains.  The  results 
imply  that  both  the  block  copolymer  and  the 
homopolymer  chains  in  the  microdomain  space  are 
compressed  in  the  direction  parallel  to  the  interface 
and  stretched  in  the  direction  perpendicular  to  the 
interface.  The  block  copolymer  chains  undergo  an 
isochoric  affine  deformation  on  addition  of  the 
homopolymers. 
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Small-angle  neutron  scattering  has  been  used  to 
measure  the  influence  of  shear  flow  on  a  low-molecu- 
lar-weight polymer  blend  near  the  critical  point.  When 
combined  with  light  scattering  measurements  of  the 
equilibrium  (gamma=0)  critical  dynamics,  these  meas- 
urements reveal  that  the  long-range  critical  fluctuations 
begin  to  break  apart  when  the  shear  rate  becomes 
comparable  to  the  characteristic  relaxation  rate  1/ 
tau(sub  c),  where  tau(sub  c)  is  the  equilibrium  lifetime 
of  the  critical  fluctuations.  This  effect  is  directly  related 
to  the  decrease  in  the  critical  temperature  caused  by 
the  flow,  and  the  data  are  found  to  be  in  very  good 
agreement  with  the  theoretical  predictions  of  Onuki 
and  Kawasaki. 
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The  anomalously  large  solvent  freezing  point  depres- 
sion (fpd),  observed  in  crosslinked  rubbers  swollen  in 
solvent  has  been  a  subject  of  study  for  over  thirty  years 
without  clear  resolution.  While  a  sizeable  fpd  is  ac- 
counted for  by  the  lowering  of  the  thermodynamic  po- 
tential of  solvent  molecules  in  a  polymer  solution  de- 
scribed by  Flory-Huggins  theory,  the  additional  fpd  ob- 
served for  crosslinked  rubbers  has  been  attributed  to 
various  physical  effects  such  as  restriction  of  solvent 
crystals  to  small  size  by  the  network  mesh  or  difficulty 
in  nucleation  of  the  solvent  crystals.  In  this  paper,  we 
identify  two  points  of  misunderstanding  in  the  literature 
on  this  problem,  and  attempt  to  clarify  the  analysis  of 
fpd  for  solvent  swollen  rubbers.  The  first  point  relates 
to  the  use  of  Flory-Huggins  theory  for  solvent  freezing, 
where  nucleation  is  a  concern,  rather  than  for  solvent 
melting,  for  which  it  was  intended.  We  present  new  ex- 
perimental calorimetric  data  on  both  the  freezing  and 
melting  of  solvent  crystals  in  crosslinked  and 
uncrosslinked  natural  rubber  swollen  in  benzene  to  il- 
lustrate this  point.  The  second  point  relates  to  a  recon- 
sideration of  the  hypothesis  of  Kuhn,  et  al.,  that  the 
anomalous  fpd  can  be  accounted  for  by  small  crys- 
tallite size. 
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A  review  of  the  chemical  structures,  physical  properties 
and  current  and  potential  applications  of  liquid  crys- 
talline polymers  (LCPs)  is  presented.  Comparisons  are 
made  between  LCPs,  low  molecular  weight  liquid  crys- 
tals (LCs)  and  conventional  polymers  for  readers  unfa- 
miliar with  the  field.  The  ordered  liquid  phases  are  clas- 
sified and  molecular  requirements  for  the  formation  of 
LC  phases  in  both  LCP  melts  (thermotropics)  and  LCP 
solutions  (lyotropics)  are  discussed.  The  theoretical 
predictions  of  the  formation  of  ordered  phases  given 
by  Flory  and  Onsager  are  compared  to  experimental 
data,  and  other  aspects  of  the  phase  behavior  of  LCPs 
in  solution  are  considered,  including  physical  gelation 
and  crystal-solvate  complexes.  A  wide  variety  of  poly- 
mer structures  which  exhibit  LC  behavior  are  pre- 
sented. These  include  main-chain  (rigid-rod),  semi- 
flexible,  main-chain  with  flexible  spacers,  side-chain 
LCPs  and  various  new  combinations  which  have  been 
recently  devised.  An  emphasis  is  placed  on  the  rela- 
tionship between  chemical  and  physical  structure  of 
LCPs,  rather  than  on  the  details  of  the  synthesis. 
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The  effect  of  peroxide  crosslinking  on  the  phase  dia- 
gram and  the  scattering  function  For  a  critical  mixture 
of  perdeuterated  polybutadiene  (DPB)  and  protonated 
polybutadiene  (HPB)  has  been  examined  by  small- 
angle  neutron  scattering  as  a  function  of  temperature. 
The  scattering  curves  for  the  cross-linked  blends  were 
essentially  temperature  independent.  A  comparison  of 
the  scattering  for  the  cross-linked  blend  with  that  of  the 
linear  blend  at  the  cross-linking  temperature  (150  C) 
showed  a  suppression  in  the  scattering  due  to  the 
presence  of  the  crosslinks.  However,  it  was  experi- 
mentally found  that  the  concentration  fluctuations 
present  at  the  temperature  of  crosslinking  dominate 
the  scattering,  which  made  it  rather  difficult  to  verify 
the  prediction  on  the  scattering  function  made  by  de 
Gennes. 
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Miscibility  of  elastomer  blends  with  various 
microstructures  have  been  extensively  studied  in  re- 
cent years.  The  separation  of  the  isotope  labeling  ef- 
fect from  the  microstructure  effect  has  been  success- 
fully carried  out  by  Sakurai  et  al.  by  using  mean-field 
approximation.  One  of  the  important  predictions  is  the 
possibility  of  phase  diagram  inversion  from  UCST  to 
LCST  or  vice  versa  for  these  random  copolymer 
blends.  In  this  study,  such  phenomena  have  been 
found  for  a  deuterated  polybutadiene  and  hydro- 
genated  polybutadiene  pair  by  studies  from  small 
angle  neutron  scattering  (SANS)  experiments. 
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Desorption  Dynamics. 
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The  desorption  of  polymer  chains  through  an  overlayer 
of  strongly  adsorbed  chains  was  studied  to  determine 
the  influence  of  topological  constraints  on  the  polymer 
desorption  process.  The  desorption  time  of  linear 
chains  fits  a  power  law,  M(sup  a),  where  M  is  molecular 
weight  and  a  =  2.3  +  or  -  0.2.  A  comparison  of  linear 
and  star-branched  chains  shows  that  desorption  of 
star-branched  chains  was  greatly  suppressed.  These 
findings  are  reminiscent  of  entanglement  effects  in  bulk 
systems.  They  suggest  a  unifying  perspective  from 
which  to  analyze  polymer  mobility  at  surfaces. 
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Effects  of  initial  molecular  weight  and  thermal  stability 
on  the  gasification  process  of  polymeric  materials  were 
studied  by  determining  differences  in  gasification  rate, 
global  heat  of  vaporization  and  rate  of  heat  release  rate 
between  two  polystyrene  (PS)  samples  and  two 
polymethylmethacrylate  (PMMA)  samples. 
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The  expansion  of  bead-stick  models  of  polymer  chains 
by  excluded  volume  has  been  obtained  by  Monte  Carlo 
methods  for  chains  with  ratios  d  of  hard-sphere  bead 
diameter  to  stick  length  between  zero  (no  excluded  vol- 
ume) and  unity  (connected  beads  touching)  for  chains 
of  from  9  to  99  beads.  We  report  values  of  mean 
square  end-to-end  length  (l(sup  2))  and  apparent 
power  law  exponents  2  nu  =  d(ln(l  sup  2))/d(ln(N-1)) 
for  chains  of  N  beads,  for  eight  values  of  d  from  0.30 
to  0.93.  For  the  range  of  chain  lengths  reported  here, 
the  apparent  power-law  exponent  is  not  independent 
of  d  but  rather  shows  a  smooth,  gradual  transition  from 
the  well-known  result  for  d  =  0  to  the  previously  re- 
ported value  for  d  =  1.  The  variation  of  2  nu  with  bead 
size  is  remarkably  similar  to  its  variation  with  short- 
range  attractive  energy  in  other  models.  The  results  re- 
ported here  are  compared  with  those  obtained  by  other 
workers  on  and  off  lattices,  for  hard-sphere  and 
Lennard-Jones  potentials,  and  with  predictions  of  two- 
parameter  and  scaling  theories. 
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The  characterization  of  two  narrow  molecular  weight 
distribution  poly(ethylene  oxide)  standard  reference 
materials,  SRM  1 923  and  SRM  1 924,  is  described.  The 
weight-average  molecular  weight  of  SRM  1 923  by  light 
scattering  was  determined  to  be  26.9  x  1000  g/mole 
with  a  sample  standard  deviation  of  0.87  x  1000  g/ 
mole,  based  on  3  degrees  of  freedom.  A  combined  ex- 
panded uncertainty  of  2  x  1000  g/mole  is  estimated  for 
this  determination.  The  weight-average  molecular 
weight  of  SRM  1 924  by  light  scattering  was  determined 
to  be  120.9x  1000  g/mole  with  a  sample  standard  devi- 
ation of  1 .0  x  1 000  g/mole,  based  on  3  degrees  of  free- 
dom. A  combined  expanded  uncertainty  of  9.0  x  1000 
g/mole  is  estimated  for  this  determination. 
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Small  angle  neutron  scattering  (SANS)  and  light  scat- 
tering (LS)  techniques  have  been  used  recently  for  in 
situ  observations  of  the  behavior  of  polymer  mixtures 
under  the  influence  of  an  applied  shear  field.  Many 
prior  studies  examine  the  phase  behavior  of  polymer 
mixtures  under  shear  by  turbidimetric  or  light  scattering 
methods.  The  smaller  size  scales  accessible  with 
SANS  make  a  combination  of  LS  and  SANS  desirable. 
A  couette  geometry  shear  cell  for  SANS  and  a  cone 
and  plate  geometry  cell  for  LS  have  been  constructed 
at  the  National  Institute  of  Standards  and  Technology. 
Details  of  the  two  instruments  will  be  described.  Var- 
ious examples  of  the  results  from  the  two  instruments 
will  be  presented. 
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Rapid  cooling  of  a  thin  layer  of  an  entangled  solution 
of  ultra-high  molecular  weight  polyethylene  on  a  mica 
sheet  resulted  in  a  structure  composed  of  elongated 
patches  of  polymer  a  few  nanometers  thick,  aligned 
over  distances  of  several  micrometers.  Some  rows  of 
side-by-side  patches  were  thicker  and  formed  a  struc- 
ture with  a  moss-like  appearance  at  lower  magnifica- 
tion. The  scanning  tunneling  microscope  was  shown 
to  be  useful  for  the  examination,  at  high  magnification, 
of  polymer  surfaces.  The  top  surface  of  a  thin,  conduct- 
ing layer  of  evaporated  platinum  and  carbon  on  a  poly- 
mer reveals  much  the  same  information  as  could  be 
obtained  by  removing  the  platinum  and  carbon  layer 
and  examining  it  with  a  transmission  electron  micro- 
scope. The  often  troublesome  step  of  removing  the 
platinum/carbon  replica  is  not  needed  for  the  scanning 
tunneling  microscope. 
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The  dynamic  behavior  of  a  terminally  anchored  freely- 
jointed  bead  rod  chain,  subjected  to  uniform  solvent 
shear  flow,  was  investigated  via  Brownian  dynamics 
simulations.  Computed  segment  density  distributions 
and  other  statistical  expressions  of  the  chain  con- 
formation demonstrate  a  strong  effect  of  shear  rate  on 
chain  behavior.  Values  of  the  effective  hydrodynamic 
thickness  computed  from  the  numerical  similations 
were  also  found  to  be  a  strong  function  of  the  shear 
rate.  Stationary  statistical  results  obtained  for  the  chain 
extension  show  two  regimes  in  the  configuration  space 
of  the  model  chain,  a  Brownian  regime  at  low  shear 
rates  and  a  hydrodynamic  regime  at  high  shear  rates. 
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Recently,  it  has  been  shown  that  symmetric  diblock  co- 
polymers of  polystyrene  (PS),  and 
polymethylmethacrylate  (PMMA),  when  prepared  as 
thin  films  (5000A  or  less)  on  silicon  substrates,  exhibit 
a  strong  orientation  of  the  lamellar  microdomains  par- 
allel to  the  surface  of  the  substrate.  This  orientation  oc- 
curs when  the  copolymer  films  are  annealed  at  tem- 
peratures above  the  glass  transition  temperatures  of 
the  PS  and  PMMA  blocks  and  results  from  the  inter- 
actions of  the  two  blocks  with  the  air  and  substrate 
interfaces.  PMMA,  the  more  polar  species,  preferen- 
tially resides  at  the  silicon  (silicon  oxide)/copolymer 
interfaces,  whereas  PS,  the  lower  surface  energy  com- 
ponent, preferentially  segregates  to  the  air/copolymer 
interface.  These  interactions,  coupled  with  the  chemi- 
cal connectivity  of  the  PS  and  PMMA  blocks,  result  in 
the  observed  multilayered  structure. 
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The  liquid  crystal  phase  polymerization  of  a  liquid  crys- 
talline diacetylene  monomer,  1,6  bis-(4- 
oxybenzylidene  4'-n-octylaniline)  2,4-hexadiyne  is  re- 
ported and  characterized.  Within  the  crystal  and  liquid 
crystal  phases,  first-order  disappearance  of  monomer 
is  seen  by  differential  scanning  calorimetry  with  a  ther- 
mal activation  energy  of  155  kJ/mol.  The  lamellar 
structure  characteristic  of  the  monomer  smectic  phase 
is  conserved  with  polymerization  as  shown  by  X-ray 
scattering.  The  topochemical  polymerization  of 
diacetylenes  is  therefore  extended  to  include  polym- 
erization in  the  liquid  crystal  phase. 
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An  equation  derived  from  the  hypothesis  that  the  glass 
temperature  is  determined  by  entropy  considerations, 
and  an  equation  derived  from  the  hypothesis  that  the 
glass  temperature  is  determined  from  free  volume  con- 
siderations are  each  compared  to  17  polymer  blend 
systems.  The  curves  mimic  experiment  in  about  half 
(the  same  half)  of  the  cases.  The  (roughly)  equivalent 
predictions  of  the  two  equations  suggests  that  the 
glass  temperature  of  an  infinite  molecular  weight  poly- 
mer is  proportional  to  the  mass  of  a  monomer  unit  di- 
vided by  the  number  of  flexible  bonds  of  a  monomer 
unit.  A  slightly  modified  treatment  suggests  proportion- 
ality to  monomer  volume  per  flexible  bond.  It  is  pointed 
out  each  of  the  two  equations  are  zeroth  order  treat- 
ments and  that  they  can  each  be  improved.  The  im- 
provement arising  from  the  entropy  theory  requires  no 
parameters. 


01,237 

PB95-1 41 1 56       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (MSEL), 
Gaithersburg,  MD.  Polymers  Div. 
Effect  of  Hydrodynamic  Interactions  on  a  Termi- 
nally Anchored  Bead-Rod  Model  Chain. 
Final  rept. 

R.  S.  Parnas,  and  Y.  Cohen.  1993,  5p. 
Pub.  in  Proceedings  of  Symposium  on  Dynamics  in 
Small  Confining  Systems,  Boston,  MA.,  November  30- 
December4,  1990,  5p  1993. 

Keywords:  'Hydrodynamics,  'Polymers,  'Chains, 
Brownian  movement.  Simulation,  Shear  flow,  Molecu- 
lar structure,  Statistical  distributions,  Radius  of  gyra- 
tion, Reprints,  'Hydrodynamic  interactions,  'Bead-rod 
model. 

Brownian  dynamics  simulations  of  a  terminally  an- 
chored, freely-jointed  bead-rod  chain  were  used  to  re- 
veal the  effects  of  Yamakawa  hydrodynamic  inter- 
actions on  the  statistical  properties  of  the  chain.  Prop- 
erties such  as  the  RMS  and  effective  hydrodynamic 
thicknesses  were  computed  with  and  without  hydro- 
dynamic  interactions.  Although  hydrodynamic  inter- 
actions significantly  influenced  the  magnitude  of  the 
statistical  properties  of  the  terminally  anchored  bead- 
rod  chain,  the  general  trends  seen  in  such  properties 
were  not  altered.  Additionally,  the  results  obtained  with 
the  freely-jointed  bead-rod  model  are  in  better  agree- 
ment with  experimental  results  than  those  obtained 
with  bead-spring  models,  for  surface  bound  polymer 
layers. 
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Symmetric,  diblock  copolymers  confined  between  two 
solid  surfaces  were  studied  by  neutron  reflectivity.  A 
multilayered  morphology  with  an  integral  number  of 
layers  oriented  parallel  to  the  solid  interfaces  was 
found  in  all  cases.  The  period  of  the  confined 
multilayers  deviated  from  the  bulk  period  in  a  cyclic 
manner  as  a  function  of  the  confined  film  thickness. 
A  first-order  transition  occurred  between  the  expanded 
and  contracted  states  of  the  copolymer  chains.  The 
data  suggest  that  the  deviation  of  the  period  from  the 
bulk  value  decreases  with  increasing  separation  dis- 
tance. 
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Competition  between  phase  separation  and 
transesterification  in  immiscible  polymer  blends  of 
polycarbonate  (PC)  and  a  copolyester  (PET)  is  studied 
as  a  function  of  time  and  temperature  by  differential 
scanning  calorimetry  (DSC)  and  small-angle  neutron 
scattering  (SANS).  We  found  that  (1)  Global  structure 
coarsens  at  T  greater  than  or  equal  to  200  C  due  to 
the  dominance  of  phase  separation  over 
transesterification  and  melts  at  T  greater  than  or  equal 
to  200  C  due  to  the  dominance  of  transesterification 
at  the  domain  interface.  However,  transesterification  is 
slow  but  still  significant  even  at  T  greater  than  or  equal 
to  200  C.  (2)  An  intricate  balance  of  transesterification 
and  phase  separation  rates  controls  global  and 
interfacial  structures.  (3)  Interfacial  structures  become 
measureable  under  certain  conditions,  and  the 
interfacial  thickness  between  PC  or  PET  and  the  co- 
polymers generated  by  transesterification  increases 
with  time.  (4)  DSC  results  are  consistent  with  results 
obtained  by  SANS,  but  the  latter  is  more  sensitive  than 
the  former  and  differentiates  the  structural  change  at 
different  length  scales  caused  by  phase  separation 
and  transesterification. 
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It  is  confirmed  that  a  melt-quenched  and  annealed 
blend  of  80  wt  %  polyvinylidene  fluoride  and  20  wt  % 
polymethylmethacrylate  has  the  beta-crystal  form  of 
PVDF  with  optical  clarity  and  other  properties  that  are 
desirable  for  a  host  material  in  a  guest-host  system 
where  the  guest  is  an  optically  nonlinear  dye  that  is 
orientationally  stabilized  by  the  strong  internal  electric 
field  of  a  poled  ferroelectric.  Combined  measurements, 
in  such  a  blend,  of  the  internal  electric  field  E(sub  i), 
the  pyroelectric  coefficient  C(sub  pyro),  and  the  polar- 
ization distribution  after  electrically  poling  and  subse- 
quently thermally  aging  for  2  h  intervals  at  tempera- 
tures up  to  120  C  are  reported. 
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A  light  scattering  instrument  capable  of  monitoring  the 
scattering  from  samples  under  the  influence  of  a  sim- 
ple shear  field  has  been  constructed.  The  apparatus 
consists  of  transparent  cone-and-plate  fixtures  and  a 
two-dimensional  charge  coupled  device  array  detector. 
The  detector  unit  is  also  capable  of  measuring  the 
scattering  patterns  as  a  function  of  time.  The  phase 
separation  kinetics  of  an  8%  solution  of  a  polystyrene/ 
polybutadiene  (50:50)  blend  in  dioctyl  phthalate  follow- 
ing cessation  of  a  steady  shear  is  monitored  with  this 
instrument.  The  sample  is  two-phase  in  the  quiescent 
state  and  the  applied  shear  is  sufficient  to  suppress 
all  scattering  observed  from  the  quiescent  sample 


(shear-induced  mixing).  The  evolution  of  the  scattering 
profiles  following  cessation  of  shear  is  quite  different 
parallel  and  perpendicular  to  the  original  flow  direction. 
In  the  normal  direction,  a  spinodal  growth  and  coarsen- 
ing mechanism  similar  to  that  observed  in  temperature 
quench  experiments  is  observed.  In  the  parallel  direc- 
tion, a  different  mechanism  is  followed.  We  believe  this 
is  the  first  report  of  this  type  of  anisotropic  behavior 
in  the  phase  separation  kinetics  of  a  polymer  blend. 
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Small  angle  neutron  scattering  was  used  to  investigate 
the  role  of  partial  melting  and  recrystallization  in  the 
solid  state  deformation  of  polyethylene.  Blends  con- 
taining 4  vol%  deuteropolyethylene  in  protonated  poly- 
ethylene were  deformed  in  a  pure  shear  mode.  The 
scattering  cross  section  of  the  undeformed  blends  was 
well  in  excess  of  that  expected  for  randomly  (statis- 
tically) dispersed  molecules,  due  to  isotopic  segrega- 
tion effects  between  the  deuterated  and  the  protonated 
species.  A  significant  reduction  in  the  excess  scatter- 
ing was  observed  as  the  blends  were  deformed  be- 
yond the  yield  point.  Upon  further  deformation  the 
cross  section  underwent  a  further  modest  decrease. 
Such  a  reduction  is  known  to  occur  on  melting.  The 
neutron  scattering  results,  hence,  support  the  notion 
of  local  melting  during  the  yielding  and  the  subsequent 
deformation  processes. 
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The  effects  of  different  cure  procedures  on  the  struc- 
ture and  properties  of  epoxy  samples  made  from 
diglycidyl  ether  of  bisphenol  A  (DGEBA)  and  mixtures 
of  two  linear  aliphatic  diamines  were  studied.  The  elas- 
tic modulus,  fracture  toughness,  impact  resistance  and 
glass  transition  temperature  were  determined  for  var- 
ious cure  schemes.  The  morphologies  of  the  cured  res- 
ins were  characterized  with  small  angle  x-ray  scatter- 
ing. The  results  show  that  samples  with  the  same  aver- 
age morphology  (molecular  network  structure)  have 
similar  elastic  moduli  and  glass  transition  tempera- 
tures. If  some  heterogeneity  is  introduced  in  the  molec- 
ular network  structure  without  changing  the  average 
structure,  however,  the  experiments  indicate  that  the 
toughness  can  be  increased  without  significantly  sac- 
rificing other  properties. 
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To  determine  the  compatibility  between  the  rigid  rod 
and  the  flexible  chain  polyquinolines,  both  small  angle 
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x-ray  and  neutron  scattering  measurements  were  con- 
ducted on  a  sample  containing  deuterated  flexible 
components.  The  scattering  intensities  from  both  x-ray 
and  neutron  were  reduced  to  the  absolute  scale  in 
order  to  remove  the  scattering  contribution  from 
microvoids  which  tended  to  overshadow  the  signal 
from  the  molecular  origin.  Quantitative  information  re- 
garding the  extent  of  segregation  of  this  rigid  rod  con- 
taining blends  can  be  obtained  from  the  scattering  data 
free  oTmicrovoid  contribution. 
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The  critical  dynamics  of  a  moderately-high-molecular- 
weight  polymer  blend  of  polystyrene  and 
polybutadiene  diluted  in  dioctyl  phthalate  is  studied 
near  the  consolute  point  by  dynamic  light  scattering. 
Fast  and  slow  modes  are  observed  as  in  previous  ex- 
periments on  a  low-molecular-weight  binary-polymer- 
blend  melt.  The  light-scattering  data  are  consistent 
with  a  Fisher  renormalization  of  the  correlation-length 
exponent. 
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The  paper  describes  the  synthesis  and  characteriza- 
tion of  six  copolymers  of  methyl  methacrylate  (MMA) 
and  N-phenyl  maleimide  (NPM).  Thermal  stability  of 
PMMA  was  markedly  improved  by  incorporation  of 
even  a  very  low  mole  fraction  of  NPM  in  the  backbone. 
An  increase  in  mole  fraction  of  NPM  from  0.0979  to 
0.4766  only  marginally  affected  thermal  stability. 
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Thermodynamic  interactions  in  mixtures  of  two 
homopolymers  and  a  block  copolymer  were  obtained 
from  small-angle  neutron  scattering  (SANS)  measure- 
ments. Experimental  SANS  profiles  from  homo- 
geneous, ternary  mixtures  of  model  polyolefins- 
poly(ethyl  butylene)/poly(methyl  butylene)/poly(methyl 
butylene)-b-poly(ethyl  butylene)-were  compared  with 
theoretical  predictions  based  on  the  multicomponent 
random  phase  approximation  (RPA).  The  polymers 
were  nearly  monodisperse  and  were  synthesized  by 
saturating  the  double  bonds  in  anionically  synthesized 
polydienes  with  H2  and  D2,  thus  yielding  polyolefins 
with  neutron  scattering  contrast. 
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Copolymerization  of  N-phenyl  maleimide  (NPM)  and 
gamma-methacryloxypropyl  trimethoxysilane  (MTS)  in 
dioxan  solution  using  benzoyl  peroxide  as  an  initiator 
is  described.  The  rate  of  copolymerization  depended 
on  the  mole  fraction  of  NPM  in  the  initial  feed  and  de- 
creased with  an  increase  in  NPM  content.  Copolymers 
having  a  mole  fraction  of  NPM  varying  from  0.29  to 
0.55  exhibited  similar  thermal  behavior  in  terms  of  ini- 
tial decomposition  temperature  of  maximum  rate  of 
weight  loss.  However,  char  yield  at  600  C  depended 
on  NPM  content,  showing  a  tendency  to  increase  with 
the  increase  in  NPM  content. 
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A  novel  epoxy-maleimide  resin,  4-maleimidophenyl 
glycidyl  ether  (MGE),  was  prepared  from  4- 
aminophenol.  Characterization  was  carried  out  by  esti- 
mation of  the  epoxy  equivalent  and  by  IR  and  (1)H- 
NMR  spectroscopy.  The  MGE  resin  was  cured  by  heat- 
ing above  250  C.  A  decrease  in  the  curing  temperature 
was  observed  after  the  addition  of  a  stoichiometric  or 
non-stoichiometric  amount  of  an  aromatic  diamine. 
The  values  of  the  curing  temperature  and  the  heat  of 
the  polymerization  reaction  (Delta  H)  were  independ- 
ent of  diamine  concentration  but  depended  on  the 
structure  of  the  diamine.  The  char  yield  of  cured  resins 
at  800  C  in  a  nitrogen  atmosphere  ranged  from  25% 
to  40%,  which  is  much  higher  than  the  values  reported 
for  epoxy  resins. 
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Piezoelectric  and  pyroelectric  response  from  polymers 
arises  from  changes  in  polarization  resulting  from 
stress  or  temperature-induced  changes  in  volume. 
Factors  which  determine  the  polarization  that  can  be 
induced  by  poling  are  outlined  for  amorphous  polymers 
and  for  semicrystalline  polymers.  Definitions  of  piezo- 
electric and  pyroelectric  coefficients  and  the  conven- 
tions of  nomenclature  are  presented.  Typical  coeffi- 
cients for  polymers  are  compared  with  those  for  other 
organic  or  inorganic  materials  which  exhibit  such  prop- 
erties. A  brief  description  of  the  properties  of  specific 
polymers  is  presented  with  frequent  reference  to  more 
detailed  review  articles. 
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Self-organization  of  structure  in  polymer  blends  via 
spinodal  decomposition  (SD)  was  studied  over  a  wide 
spatial-scale  and  time-scale  (both  being  covered  over 
4  orders  of  magnitude)  by  using  a  combined  time-re- 
solved small-angle  neutron  scattering  and  light  scatter- 
ing method.  The  system  studied  was  a  binary  critical 
fluid  of  deuterated  polybutadiene  and  proton 
polyisoprene  having  a  narrow  molecular  weight  dis- 
tribution in  a  weak  segregation  limit.  The  scattering 
analyses  made  it  possible  to  study  space-time  organi- 
zation of  various  elements  of  the  structures:  (1)  global 
structure,  (2)  interfacial  structure  such  as  mean  cur- 
vature of  the  tangled  interface,  interfacial  area  density, 
and  interfacial  thickness,  (3)  'interphase',  i.e., 
interfacial  region  with  characteristic  thermal  concentra- 
tion fluctuations,  and  (4)  the  local  structure  character- 
ized by  the  thermal  concentration  fluctuations  within 
each  domain.  In  the  late  stage  SD,  the  form  factor  from 
the  'interphase'  was  found  to  be  time-independent, 
having  the  q-dependence  of  q(sup  -2.5). 
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Time-resolved  small-angle  neutron  scattering  (SANS) 
experiments  have  been  performed  on  the  self-assem- 
bling process  of  a  binary  mixture  of  deuterated 
polybutadiene  and  protonated  polybutadiene  at  the 
critical  composition.  This  mixture  has  an  upper  critical 
solution  temperature  type  of  phase  diagram  with  the 
spinodal  temperature  at  99.2  C.  Specimens  held  in  the 
single-phase  state  at  an  initial  temperature  (T(sub  i)) 
were  quenched  to  a  point  inside  the  spinodal  phase 
boundary  at  a  final  temperature  (T(sub  f))  to  induce 
phase  separation  via  spinodal  decomposition  (SD).  In 
order  to  examine  the  effect  that  thermal  concentration 
fluctuations  have  on  SD,  three  different  initial  tempera- 
tures, T(sub  i)  =  102.3  C,  123.9  C,  and  171.6  C,  were 
chosen  while  T(sub  f)  was  fixed  at  -7.5  C.  A  critical 
test  of  the  linearized  Cahn-Hilliard-Cook  theory  led  to 
the  conclusion  that  this  theory  can  describe  satisfac- 
torily the  early  stage  SD  in  the  deep-quench  region. 
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The  localization  of  deuterated  styrene  homopolymer 
dissolved  in  a  lamellar  structure  of  a  styrene-2- 
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vinylpyridine  diblock  copolymer  was  studied  in  com- 
parison with  that  of  the  end  part  of  the  block  copolymer 
by  observing  diffraction  from  the  styrene  and  2- 
vinylpyridine  microdomains  of  deuterated  styrene 
homopolymer/styrene-2-vinylpyridine  diblock  copoly- 
mer blends  by  small-angle  neutron  scattering  (SANS). 
Even  when  the  average  scattering  lengths  of  both  do- 
mains were  equal,  that  is,  'phase  contrast  matching' 
was  theoretically  achieved,  diffraction  was  definitely 
observed.  From  the  diffraction  profiles  in  SANS  and  the 
dependence  of  domain  spacing  on  the  volume  fraction 
of  the  styrene  homopolymer,  it  was  found  that  the 
homopolymers  are  isolated  in  the  middle  of  the  poly- 
styrene domain,  although  they  are  concentrated  less 
than  the  end  parts  of  the  block  chains. 
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The  molecular  weight  dependence  of  the  lamellar  do- 
main spacing  of  isopren-styrene-2-vinylpyridine 
triblock  copolymers  in  bulk  was  studied  over  the  molec- 
ular weight  range  from  40K  to  280K  by  using  a  small- 
angle  X-ray  scattering  (SAXS)  method.  It  was  found 
that  the  lamellar  domain  spacings  of  the  triblock  co- 
polymers are  larger  than  those  of  styrene-2- 
vinylpyridine  diblock  copolymers  with  the  same  molec- 
ular volumes.  This  result  can  be  interpreted  by  theories 
of  microphase  separation  at  the  strong  segregation 
limit,  taking  into  account  the  fact  that  the  number  of 
boundaries  in  the  repeating  structure  of  triblock  copoly- 
mers is  twice  as  large  as  that  of  diblock  copolymers. 
Moreover,  small-angle  neutron  scattering  (SANS) 
studies  imply  that  the  middle  block  chain  of  triblock  co- 
polymers is  contracted  along  the  direction  parallel  to 
lamellae  in  almost  the  same  manner  as  the  block  chain 
of  the  diblock  copolymers. 
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The  theoretical  aspect  of  the  scattering  of  crosslinked 
polymers  was  investigated  with  emphasis  on  the  fact 
that  the  number  of  spatial  neighbors  for  any  given  net- 
work is  finite.  A  random  phase  approximation  scheme 
was  used;  however,  the  interaction  terms  was  trun- 
cated to  account  for  this  finiteness.  The  result  indicates 
that  the  expression  based  on  infinite  neighbors  hold 
true  in  all  the  cases. 
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The  influence  of  shear  on  the  small  angle  neutron  scat- 
tering from  a  semidilute  solution  of  polystyrene  (PS) 
dissolved  in  dioctyl  phthalate  (DOP)  is  examined  in  the 


limit  of  strong  shear  (gamma  greater  than  or  =  to  100/ 
s).  These  experiments  are  restricted  to  room  tempera- 
ture, which  is  close  to  the  theta  point  of  PS/DOP.  The 
fraction  of  deuterated  PS  chains  is  varied,  while  the 
total  polymer  weight  fraction  is  fixed  at  3%.  This  is  near 
the  critical  composition  of  hydrogenated  PS  in  DOP. 
The  increased  scattering  at  high  shear  rates  ('shear  in- 
duced turbidity')  is  interpreted  in  terms  of  a  critical  tem- 
perature shift.  Scattering  along  the  flow  direction  is  dis- 
torted and  the  scattering  data  normal  to  flow  is 
uninfluenced  by  shear  above  a  wave  vector  cutoff  q", 
which  is  independent  of  shear  rate.  This  cutoff  is  found 
to  correspond  to  the  Debye  length,  characterizing  the 
average  intermolecular  potential  range. 
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The  reaction  of  an  acrylate  ester  with 
paraformaldehyde  in  the  presence  of  DABCO  has 
given  access  to  a  novel  class  of  ether-fused  pseudo- 
dimethacrylate  monomers.  The  1,6-diene  unit  incor- 
porated in  the  monomers  can  be  polymerized  through 
an  inter-intramolecular  cyclopolymerization  process 
which  yields  a  soluble,  ester-substituted,  cyclic  ether 
polymer  structure.  A  series  of  monomers  was  prepared 
to  evaluate  the  effect  of  the  substituents  on  the  syn- 
thesis and  cyclopolymerization.  A  method  was  devel- 
oped which  efficiently  provided  even  monomers  with 
very  bulky  ester  groups.  Solution  polymerization  stud- 
ies indicated  that  both  monomer  concentration  and 
ester  structure  exert  significant  influence  on  the  mode 
of  polymerization.  Apparently,  the  more  hindered 
monomers  are  more  effective  at  cyclopolymerization. 
The  bulk  polymerization  of  these  monomers  resulted 
in  crosslinked,  glassy  polymers  with  little  or  no  residual 
unsaturation.  Multifunctional  oligomers  based  on  this 
same  chemistry  were  also  prepared  and  polymerized 
in  this  study. 
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Two  approaches  using  fluorescent  dyes  dissolved  in 
epoxy  resins  were  used  to  determine  the  viscosity 
changes  during  the  curing  process.  First,  we  used  a 
dye  whose  fluorescence  intensity  increases  with  the  in- 
crease in  the  local  viscosity,  and  a  second  dye  whose 
fluorescence  intensity  is  insensitive  to  the  local  viscos- 
ity. The  ratio  of  the  fluorescence  intensities  of  the  two 
dyes  was  measured  to  monitor  the  cure  of  epoxy  res- 
ins. In  another  approach,  we  measured  the  diffusion 
coefficient  of  a  fluorescent  dye  dissolved  in  epoxy  res- 
ins by  fluorescence  recovery  after  photobleaching  to 
monitor  the  cure  of  epoxy  resins.  Finally,  self-diffusion 
in  concentrated  polystyrene  solutions  was  measured 
by  the  method  of  fluorescence  recovery  after 
photobleaching. 
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Neutron  scattering  measurements  were  conducted  to 
investigate  the  conformation  of  the  molecular  networks 
in  epoxies.  Emphasis  was  placed  on  the  changes  in 
the  scattering  intensity  resulting  from  curing.  Experi- 
mental results  on  homopolymerized  epoxy  as  well  as 
a  theoretical  interpretation  of  the  results  are  presented. 
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The  structure  of  aqueous  polyvinyl  alcohol)  (PVA)  gels 
with  and  without  borate  ions,  hereafter  referred  to  as 
alkaline  gels  and  hydrogels,  respectively,  was  inves- 
tigated using  small-angle  neutron  scattering  (SANS). 
The  correlation  length  Xi,  a  measure  of  the  wavelength 
of  concentration  fluctuation,  was  estimated  from  the 
SANS  results.  The  value  of  Xi  showed  a  modest  de- 
crease with  increasing  temperature.  Even  at  the  high- 
est temperature  of  observation,  95  C,  Xi  was  still  a  few 
times  greater  than  the  radius  of  gyration  of  individual 
PVA  molecules,  indicating  the  presence  of  PVA  clus- 
ters in  the  sol  state.  The  scattered  intensities  for  both 
the  hydrogels  and  the  alkaline  gels  over  a  wide  tem- 
perature range  could  be  superimposed  onto  one  mas- 
ter curve  by  employing  the  reduced  variables  l(q)/ 
Xi(exp  3)  and  (Xi)(q),  where  q  is  the  magnitude  of  the 
scattering  vector.  This  indicates  that  the  concentration 
fluctuation  can  be  described  adequately  by  a  single 
characteristic  length  over  a  wide  temperature  range 
embracing  the  sol-gel  transition  temperature. 
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To  determine  the  compatibility  between  the  rigid  rod 
and  the  flexible  chain  polyquinolines,  both  small  angle 
x-ray  and  neutron  scattering  measurements  were  con- 
ducted on  blends  containing  deuterated  flexible  chains. 
The  scattering  intensities  from  both  x-ray  and  neutron 
were  reduced  to  their  absolute  scales  in  order  to  re- 
move the  scattering  contribution  from  microvoids  which 
tended  to  overshadow  the  signal  of  molecular  origin. 
Quantitative  information  regarding  the  molecular  dis- 
persion in  a  50/50  rigid  rod  and  flexible  chain  blend 
was  obtained.  The  result  indicated  that  this  material 
was  partially  segregated  but  not  to  the  point  of  single 
component  phases. 
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Chain  asymmetry  of  solid  state  co-extruded  polyvinyl 
alcohol)  film  was  studied  using  small-angle  neutron 
scattering.  The  radius  of  gyration  R(sub  g)  was  esti- 
mated by  a  nonlinear  least  square  regression  analysis 
with  a  theoretical  scattered  intensity  function  which  is 
based  on  a  model  of  deformed  Gaussian  chains.  The 
R(sub  g)  values  for  deformed  PVA  indicate  that  the 
polyvinyl  alcohol)  chains  are  deformed  affinely  at  least 
up  to  the  extension  draw  ratio  of  ca.  5,  which  is  in  good 
accordance  with  the  results  of  birefringence  measure- 
ment. 
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The  small  angle  neutron  scattering  experiments  were 
conducted  on  N-isopropyl  acrylamide  (NIPA)  gels  in 
D20  and  on  the  corresponding  NIPA  solutions.  The 
NIPA  gels  underwent  a  sharp,  but  a  continuous  volume 
phase  transition  at  34.6  C  from  a  swollen  state  to  a 
shrunken  state  with  increasing  temperature.  In  the 
case  of  the  gels,  an  excess  scattering  due  to  the  pres- 
ence of  crosslinks  was  observed  at  low  q  region  (q  < 
0.02/A),  where  q  is  the  magnitude  of  the  scattering  vec- 
tor. The  scattered  intensity  function  for  the  gel  was  well 
described  with  a  combination  of  Gauss  and  Lorentz- 
type  functions.  The  Gaussian  part  results  from  solidlike 
inhomogeneity,  having  a  characteristic  size  of  Xi, 
which  is  due  to  the  introduction  of  crosslinks  into  the 
system.  The  Lorentzian  part  is  originated  from  the  liq- 
uid nature  of  the  local  concentration  fluctuations  of  the 
gel  characterized  with  a  thermal  blob  of  dimension  Xi. 
The  critical  exponents  for  the  gels  support  that  the  vol- 
ume-phase transition  of  gels  is  classified  to  the  three 
dimensional  Ising  model  reported  by  Li  and  Tanaka. 
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The  static  structure  factor  for  poly(N- 
isopropylacrylamide-co-acrylic  acid)  (NIPA/AAc)  gels 
was  investigated  in  terms  of  small-angle  neutron  scat- 
tering (SANS).  The  NIPA/AAc  gels  underwent  a  dis- 
crete volume  phase  transition  at  50.8  C  from  swollen 
to  shrunken  states  as  temperature  increased.  The  stat- 
ic structure  factors  for  NIPA/AAc  gels  were  well  de- 
scribed by  a  Lorentz-type  scattered  intensity  function 
at  temperatures  below  34  C  which  was  near  the  so- 
called  Theta  temperature  of  NIPA  in  D20.  At  higher 
temperatures,  the  static  structure  factor  had  a  distinct 
scattering  maximum  although  the  gel  was  still  in  the 
highly  swollen  state.  The  static  structure  factors  were 
analyzed  quantitatively  with  the  theory  of  Borue  and 
Erukhimovich  for  polyelectrolyte  solutions  in  a  poor  sol- 
vent. It  is  found  that  the  concentration  fluctuations  lead 
to  a  microphase  separation  between  polymer  rich  and 
poor  domains  before  the  system  undergoes  the  vol- 
ume-phase transition. 
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A  remaining  challenge  in  the  theory  of  polymer  solution 
dynamics  is  associated  with  establishing  a  relation  be- 
tween the  macroscopic  hydrodynamic  properties  of 
polymer  solutions  and  the  molecular  structure  of  the 
polymer  and  solvent.  This  problem  is  unsolved  even 
for  the  simplest  case  of  polymer  solutions  at  'infinite 
dilution'.  Recent  studies  have  focused  on  technical 
problems  such  as  the  'preaveraging'  approximation, 
epsilon-expansion  truncation  errors,  and  the  influence 
of  ternary  excluded  volume  interactions  which  limit  the 
accuracy  of  analytic  calculations.  The  present  paper 
examines  the  role  of  polymer  excluded  volume  in  alter- 
ing intramolecular  hydrodynamic  interactions  and  the 
possible  significance  of  dynamic  chain  flexibility  on  hy- 
drodynamic polymer  solution  properties.  This  inves- 
tigation is  aided  by  analysis  of  our  previous 
renormalization  group  (RG)  computations  and  simple 
exactly  solvable  models.  We  also  examine  experi- 
mental trends  for  the  variation  of  the  polymer  hydro- 
dynamic  interaction  with  solvent  and  the  variation  of 
the  translational  friction  of  small  molecules  with  molec- 
ular size. 
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The  1/d  expansion  method  of  polymer  chains  is  exam- 
ined by  comparing  these  expansions  for  several  ther- 
modynamic and  structural  quantities  with  the  results  of 
standard  series  analysis  of  exact  enumeration  data. 
The  comparisons  cover  a  wide  range  of  spatial  dimen- 
sions d,  including  non-integer  ones,  and  are  performed 
for  particular  values  of  interaction  energy.  Good  agree- 
ment is  generally  found  for  d  >  4,  whereas  discrep- 
ancies become  conspicuous  as  d  decreases  to  d  =  2. 
Reasonable  values  are  obtained  for  the  exponents  nu 
and  gamma  in  d  =  2  -  4  by  applying  the  coherent-anom- 
aly method  of  Suzuki  to  our  1/d  expansions  through 
fifth  order  in  1/d. 
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We  have  made  solution-cast  films  of  perfluorosulfonic 
acid  ionomer  (PFSA)  that  included  ionic  surfactants  in 
the  casting  solution.  Gas  transport  measurements 
were  made,  using  mixtures  of  C02  and  CH4,  through 
both  solution-cast  and  commercial  PFSA  films  that 
contained  either  Na(+)  or  HEDA(+)  (monoprotonated 
ethylenediamine)  counterions.  The  HEDA(+)  provides 
facilitated  transport  of  C02  at  low  partial  pressures. 
For  all  the  films  with  the  Na(+)  counterion  the  dif- 


ference in  permeability  was  greater  at  lower  feed  total 
pressures  than  at  the  higher  pressures  (approximately 
1 1  MPa).  We  interpret  this  result  as  a  mechanical  pres- 
sure effect  on  the  free  volume  around  the  ionic  clus- 
ters. Additional  observations  include  a  'hindering'  ef- 
fect of  the  HEDA(+)  counterion  on  both  C02  and  CH4 
permeation  rates  but  more  so  for  the  C02.  We  discuss 
these  results  in  the  context  of  separate  factors  that  are 
economically  attractive  at  all  the  pressures  studied. 
However,  the  permeability  of  the  membranes  was 
below  economic  targets  by  a  factor  of  100  considering 
the  fact  that  they  were  30  micrometers  thick. 
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A  methacrylate-substituted  spiro  orthocarbonate  mon- 
omer was  synthesized  and  evaluated  in  polymeriza- 
tions using  radical  and/or  cationic  initiators.  The  mono- 
mer contains  an  exocyclic  double  bond  on  the  spiro 
group  for  radical  addition  and  ring  opening  independ- 
ent of  the  remote  methacrylate  functionality. 
Crosslinked  polymers  were  obtained  by  all  modes  of 
initiation  with  mixed  radical  and  cationic  giving  opti- 
mum conversions  and  ring  opening.  The  incorporation 
of  the  pendant  methacrylate  group  minimizes  concerns 
of  leachable  products  generated  by  polymerization 
mechanisms  involving  single  ring  opening  with  elimi- 
nation of  a  cyclic  carbonate.  The  spiro  vinyl  ether-type 
double  bond  appears  to  activate  the  monomer  toward 
cationic  polymerization.  The  ring-opening  polymeriza- 
tion of  spiro  orthocarbonate  monomers  can  yield  ex- 
pansion in  volume  and  may  improve  a  variety  of  dental 
and  medical  materials  such  as  composites,  adhesives, 
and  coatings. 
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The  extensive  use  of  N-p-tolylglycine  (NTG)  and  analo- 
gous compounds  in  adhesive  bonding  technologies  re- 
quires a  better  understanding  of  their  role  in  initiating 
free-radical  polymerization.  The  fast  oxidation  and  re- 
duction reactions  of  NTG  proceed  via  the  formation  of 
various  free  radicals  and  radical  cation  and  anion 
intermediates.  These  intermediates  were  identified  and 
their  reactivity  with  oxygen,  to  produce  the  correspond- 
ing peroxyl  radicals,  was  measured.  Hydroxyl  radicals 
(OH)  were  used  to  initiate  oxidation  reactions  of  NTG, 
while  the  reduction  reactions  were  initiated  with  hy- 
drated  electrons  (e(sub  aq)(sup  -)). 
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The  orientational  response  of  a  liquid  crystalline  poly- 
mer (LCP)  solution,  specifically  poly-(benzyl  L-glu- 
tamate)  (PBLG)  in  deuterated  benzyl  alcohol,  to  the 
application  of  a  shear  field  has  been  determined  by  in- 
situ  neutron  scattering.  By  analyzing  the  anisotropic 
two-dimensional  scattering  pattern,  the  orientation  of 
the  LCP  at  different  shear  rates  (dot-gamma)  in  the 
flow-vorticity  plane  was  determined.  It  was  found  that 
the  LCP  response  has  three  regimes.  At  low  shear 
rates,  dot-gamma  <  dot-gamma  1,  the  orientation  of 
the  LCP  molecule  increases  with  dot-gamma;  at  inter- 
mediate flow  rates,  dot-gamma  1  <  dot-gamma  <  dot- 
gamma  2,  there  is  not  much  change  in  the  orientation 
of  the  PBLG  molecule  with  dot-gamma;  and  at  high 
dot-gamma,  dot-gamma  >  dot-gamma  2,  there  is  again 
an  increase  in  the  orientation  of  the  LCP  with  shear 
rate.  The  crossover  shear  rates,  dot-gamma  1,  and 
dot-gamma  2,  have  been  shown  to  correlate  well  to  the 
first  two  relaxation  times  of  a  rodlike  polymer  in  con- 
centrated solution.  The  results  are  also  compared  and 
contrasted  to  some  recent  studies  of  the  rheology  of 
LCP  in  solution. 
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The  GafChromic  radiochromic  film  is  a  colorless 
microcrystalline  dispersion  of  an  active  monomer  in  a 
gel  binder.  It  has  been  developed  for  direct  radio- 
graphic imaging  and  dosimetry  (no  chemical,  optical, 
or  thermal  development).  This  relatively  sensitive  sen- 
sor may  be  used  as  a  thin-coating  on  a  transparent 
or  reflecting  substrate  for  broad-range  dosimetry  (5- 
10(exp  4)  Gy)  and  for  registering  permanent,  high-res- 
olution, high-contrast  blue  images.  Pulse  radiolysis 
studies  show  that  the  primary  radiation-initiated  image 
formation  (lambda(max)  =  675  nm)  and  propagation  of 
the  polymerization  are  terminated  within  2  ms  with  a 
first-order  rate  constant  of  900/s.  Subsequently,  there 
is  a  much  slower  exponential  hypsochromic  shift  of  the 
absorption  maximum  from  675  nm  to  665  nm.  The  de- 
vices are  currently  finding  application  in  clinical  radiog- 
raphy, stereotactic  radiosurgery,  food  irradiation,  blood 
irradiation,  insect  population  control,  and  industrial  ra- 
diation processing  (including  medical  sterilization  qual- 
ification and  quality  control). 
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A  previously  developed  Flory-type  mean-field  analysis 
of  the  mixing  of  a  multicomponent,  polydisperse  sol- 
vent with  an  interphase  of  terminally  anchored  chains 
of  finite  extensibility  is  utilized  in  the  determination  of 
the  chromatographic  properties  of  the  interphase. 
These  interphases  could  be  surface-grafted  polymer 
layers  or  block  copolymers  at  interfaces.  The  partition- 
ing and  retention  of  solute  molecules  in  the  interphase 
depend  on  the  chain  configurations,  the  entropy  of  mix- 
ing, and  the  contact  interactions  among  the  species 
present.  The  theory  allows  for  the  calculation  of  aver- 
age or  global  properties  such  as  the  polymer,  solvent, 
and  solute  volume  fractions  in  the  interphase,  the 
interphase  thickness,  and  solute  partition  coefficients 


and  retention  factors.  Size  exclusion  and  enhance- 
ment, affinity,  and  gradient  chromatography  are  con- 
sidered. 
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A  theoretical  description  of  terminally  anchored  chain 
interphases  is  presented  for  the  case  of  an  interphase 
in  contact  with  a  multicomponent  solvent  composed  of 
species  of  varying  quality  and  size.  This  work  is  an  ex- 
tension of  a  model  proposed  by  Lai  and  Halperin  to 
calculate  the  global  properties  of  a  terminally  anchored 
chain  interphase,  or  polymer  brush,  in  contact  with  a 
binary  solvent  in  which  each  component  is  of  mono- 
meric  size.  Here  it  is  shown  that  the  solvent  size,  in 
addition  to  the  solvent  quality  and  chain  surface  den- 
sity, has  a  profound  influence  on  the  equilibrium  prop- 
erties of  the  terminally  anchored  chain  interphase.  The 
approach  outlined  here  yields  a  simple  calculational 
procedure  for  qualitatively  examining  the  various  glob- 
al properties  of  these  interphases  which  are  inherent 
to  each  potential  application  as  a  function  of  chain  sur- 
face density  and  solvent  quality  and  size. 
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Neutron  reflectivity  measurements  are  made  on  a 
chemically  end-grafted  polymer  brush  swollen  over  a 
range  of  temperatures  above  and  below  the  theta 
point.  Good  agreement  between  the  brush  profiles  and 
recent  self-consistent  field  calculations  and  numerical 
simulations  is  obtained  for  temperatures  in  the  vicinity 
of  the  theta  point  and  in  a  good  solvent.  The  expansion 
of  the  main  body  of  the  brush  resembles  a  swelling  gel, 
while  the  brush  tail  expands  similarly  to  a  polymer  in 
solution. 
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The  annual  report  of  the  Polymers  Division,  Materials 
Science  and  Engineering  Laboratory,  describes  tech- 
nical activities  for  the  fiscal  1994  year  and  summarizes 
technical  publications,  industrial  interactions,  patents, 
and  invited  talks. 


01,276 

PB96-1 02231       Not  available  NTIS 


National  Inst,  of  Standards  and  Technology  (MSEL), 
Gaithersburg,  MD.  Polymers  Div. 
Self-Avoiding-Walk  Contacts  and  Random-Walk 
Self-Intersections  in  Variable  Dimensionality. 

Final  rept. 

J.  F.  Douglas,  and  T.  Ishinabe.  1995,  27p. 

Pub.  in  Physical  Review  E  51,  n3  p1791-1817  Mar  95. 

Keywords:  "Polymers,  "Series  expansion, 
"Enumeration,  Lattices,  Molecular  structure,  Critical 
temperature,  Percolation,  Integral  equations,  Expo- 
nents, Interactions,  Probability  theory,  Reprints,  "Self- 
avoiding  walks,  "Random  walks,  NN(Nearest-neigh- 
bor),  Hamilton  walks,  Wiener  sausage. 

The  average  number  of  nearest-neighbor  (NN)  con- 
tacts (m)  of  self-avoiding  walks  (SAW's)  on  a 
hypercubic  lattice  is  calculated  using  direct  enumera- 
tion and  1/d  expansion  methods,  where  d  is  the  spatial 
dimension.  These  calculations  are  compared  with 
exact  analytic  determinations  for  the  asymptotic  num- 
ber of  random-walk  (RW)  self-intersections  in  the  limit 
of  long  chains  n  maps  to  infinity,  the  number  of  RW 
(binary,  ternary,  etc.)  self-intersections  is  a  function  of 
the  probability  Cd  that  a  RW  escapes  from  the  origin 
to  infinity  and  an  accurate  tabulation  of  Cd  is  given  in 
the  dimension  range  2  <  d  <  10. 
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The  coexistence  of  two  cylindrical  microstructures  of 
different  symmetries  has  been  observed  in  a  sheared 
and  quenched  poly(styrene-d8)/polybut  adiene/ 
poly(styrene-d8)  (SBS)  block  copolymer  (23  wt  %  sty- 
rene-d8)  by  small-angle  neutron  scattering  and  trans- 
mission electron  microscopy.  Near  the  order-disorder 
transition  (ODT)  temperature,  the  equilibrium  cylin- 
drical microstructure  with  d(100)  =  21  plus  or  minus  2 
nm  and  cylinder  diameter  of  about  12nm  orients  in  the 
shear  field  as  expected  based  on  previous  reports. 
Above  a  critical  shear  rate  and  at  an  appropriate  strain, 
a  new  shear-induced  cylindricalmicrostructure  forms. 
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A  formalism  is  presented  for  the  nonlinear  dynamics 
of  inextensible  stiff  polymers  within  the  model  of  local 
viscous  dissipation.  By  casting  the  internal  elastic 
forces  in  an  intrinsic  representation  enforcing  the  con- 
straint of  local  inextensibility  through  a  Lagrange  multi-  { 
plier  function  and  utilizing  techniques  from  the  differen- 
tial geometry  of  curve  motion,  the  dynamics  of  configu- 
rations of  arbitrary  complexity  is  reduced  to  a  scalar 
partical  differential  equation  amenable  to  analytical 
and  efficient  numerical  study.  As  an  example,  the  for- 
malism is  applied  to  the  'folding'  dynamics  of  stiff  poly- 
mers with  pairwise  self-interactions  and  intrinsic  cur- 
vature. 
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The  combustion  process  of  polymers  is  a  complex  cou- 
pling of  energy  feedback  from  a  flame  to  the  polymer 
surface  with  gasification  of  the  polymer  surface  with 
gasification  of  the  polymer  to  generate  combustible 
degradation  products.  Although  there  are  extensive 
studies  of  the  effects  of  wind  velocity,  gas  phase  oxy- 
gen concentration,  external  thermal  radiation,  and 
gravity  on  the  combustion  of  polymers,  the  effects  of 
polymer  characteristics  on  combustion  and  flammabil- 
ity are  not  nearly  as  well  understood  as  those  in  the 
gas  phase.  At  present,  detailed  governing  equations 
for  continuity,  momentum,  energy,  and  chemical  spe- 
cies concentration  in  the  gas  phase  can  readily  be  writ- 
ten with  appropriate  boundary  conditions,  and  their  so- 
lutions can  be  derived  for  various  cases.  However, 
even  those  governing  equations  cannot  be  derived  for 
the  condensed  phase  without  understanding  of  the 
governing  chemical  and  physical  processes  that  con- 
trol the  gasification  of  polymers.  This  paper  con- 
centrates on  describing  various  observed  phenomena 
in  polymers  (which  have  been  often  ignored  or  ne- 
glected) during  their  combustion,  some  or  all  of  which 
might  have  significant  effects  on  the  burning  rate  and 
flammability  properties.  Because  of  a  lack  of  under- 
standing of  the  basic  combustion  mechanisms  of  poly- 
mers, theoretical  models  able  to  predict  combustion 
phenomena  and  flammability  properties  are  not  avail- 
able. 
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A  review  of  'Statistical  Physics  of  Macromolecules'  is 
given.  Basically,  this  text  is  well  written  and  provides 
a  good  introduction  to  polymer  science. 
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Time-resolved  small-angle  neutron  scattering  has 
been  used  to  study  the  dynamics  of  phase  separation 
in  hydrogen-bonded  polymer  blends  under  a  variety  of 
shallow-quench  conditions.  Above  a  well  defined  cutoff 
wave  vector  qc(star),  the  structure  factor  S(q,t)  is  de- 
scribed by  an  exponential  or  a  stretched  exponential 
decay.  The  early-stage  growth  rate  R(q)  appears  to 
change  sign  precipitously  at  the  cutoff,  however,  which 
is  not  consistent  with  a  linear  theory.  Below  the  cutoff, 
S(q,t)  exhibits  nonlinear  growth  with  a  characteristic 
time  scale  tm(q),  and  scales  as  q(-D)f(t/t  sup  m)  with 
a  scaling  exponent  D  that  is  often  different  from  the 
universal  value  d=3. 
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The  melt  flow  rate  of  Standard  Reference  Material 
(SRM)  1473a,  a  polyethylene  resin,  was  determined  to 
be  1.17  g/10  min  at  190  deg  C  under  the  load  of  2.16 
kg  using  the  ASTM  Method  D  1238-90b.  The  average 
results  from  66  determinations  on  samples  with  a 
standard  deviation  of  a  single  measurement  of  0.015 
g/10  min.  A  small  but  measureable  drift  from  the  first 
timed  extrudate  to  the  third  timed  extrudate  was  ob- 
served. 
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This  paper  discusses  a  dispute  regarding  the  correct 
method  of  modeling  the  hydrodynamics  of  polymer  so- 
lutions and  the  correct  mathematical  procedure  for  per- 
forming renormalization  group  calculations  for  polymer 
solution  hydrodynamic  properties. 
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The  osmotic  modulus  of  solutions  of  polybutadiene 
stars  with  f=32,  64,  and  128  arms  have  been  measured 
from  the  dilute  to  the  semidilute  regime  in  the  good  sol- 
vent cyclohexane  by  static  light  scattering.  Some 
complementry  results  on  low  molecular  weight  stars 
have  been  obtained  using  SANS.  Values  of  the 
dimensionless  viral  ratio  g  A3/A2(exp2)M  is  approxi- 
mately 0.62  for  these  many-arm  stars  accord  well  with 
the  hard-sphere  value  (5/8).  The  concentration  de- 
pendence of  the  osmotic  modulus  near  the  polymer 
coil  overlap  concentration,  A2Mc  is  approximately  1, 
is  characterized  by  a  steep  increase.  In  the  semidilute 
regime  the  osmotic  modulus  becomes  identical  with 
that  of  a  homogeneous  linear  polymer  solution.  A  linear 
polybutadiene  sample  was  also  considered  for  com- 
parison with  the  star  polybutadiene  measurements. 


01,285 

PB96-1 46840       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Polymers  Div. 

Preparation        and        Characterization  of 

Cyclopolymerizable  Resin  Formulations. 

Final  rept. 

J.  W.  Stansbury,  B.  Dickens,  and  D.  W.  Liu.  1995, 
6p. 

See  also  PB90-242181. 

Pub.  in  Jnl.  of  Dental  Research,  v74  n5  p1 110-1 115 
1995. 

Keywords:  'Acrylic  resins,  'Dental  materials, 
'Polymers,  Polymerization,  Chemical  reactions,  Vis- 
cosity, Molecualr  weight,  Acrylates,  Formaldehyde, 
Reprints. 

An  amine-catalyzed  reaction  between  acrylates  and 
formaldehyde  has  been  used  to  convert  mono- 
acrylates  to  difunctional  monomers  and  di-acrylates  to 
multifunctional  oligomers  by  linking  the  acrylic  double 
bonds  together  in  1,6-diene  pairs.  In  this  study,  a  con- 
venient single-step  process  was  used  with  mixtures  of 
mono-  and  di-acrylate  starting  materials  to  produce  a 
series  of  resins  with  potential  for  effective 
cyclopolymerization.  Incremental  changes  in  the  ethyl 
acrylate  (EA)  to  ethoxylated  bisphenol  A  diacrylate 
(EBPAD)  ratio  directly  supplied  cyclopolymerizable 
resins  with  a  broad  range  of  viscosities  and  product 
distributions.  Those  resins  produced  from  reaction  mix- 
tures rich  in  EA  have  low  viscosities  because  of  high 


diluent  monomer  contents  and  limited  oligomerization 
of  EBPAD  due  to  end-cap  formation.  Resin  viscosity 
and  average  molecular  weight  of  the  oligometric  com- 
ponent of  the  resin  were  inversely  related  to  the 
amount  of  EA  used  in  the  reaction.  Through  the  choice 
of  reactants  and  their  ratio,  this  simple  technique  has 
the  potential  to  provide  cyclopolymerzable  resins  for 
use  in  a  variety  of  dental  polymer  applications. 
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Time-resolved  light-scattering  measurements  have 
been  conducted  to  investigate  the  influence  of  a 
diblock  copolymer  additive  on  the  phase  boundaries 
and  the  kinetics  of  the  phase  separation  of  a  polymer 
blend.  The  blend  studied  was  a  polystyrene-d8/ 
polybutadiene  (PSD/PB)  mixture  with  a  diblock  copoly- 
mer composed  of  the  same  homopolymers.  It  was  ob- 
served that  the  critical  temperature  of  the  blend,  which 
has  an  upper  critical  solution  temperature  (UCST),  de- 
creased with  increasing  copolymer  content  and  the  ki- 
netics of  the  phase  separation  via  a  spinodal  decompo- 
sition mechanism  slowed  down  in  the  presence  of  the 
copolymer.  The  features  of  the  spinodal  peak  position 
and  intensity  as  a  function  of  time  with  and  without  co- 
polymer additive  were  analyzed  for  near  and  off-critical 
compositions  in  various  temperature  jumps.  The  inter- 
mediate and  late-stage  growth  rates  do  not  follow  a 
universal  scaling  function  with  the  addition  of  diblock 
copolymers. 
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The  effect  of  shear  flow  on  phase  separation  in  critical 
polymer  blends  is  reviewed.  For  a  low-molecular- 
weight  blend,  the  response  is  in  good  agreement  with 
the  theoretical  predictions  of  Onuki  and  Kawasaki.  The 
break-up  of  large-scale  critical  fluctuations  by  the  flow 
leads  to  a  drop  in  the  temperature  Tc  at  which  phase 
separation  begins.  For  a  high-molecular-weight  blend, 
the  data  suggest  that  the  mode-coupling  contribution 
to  the  decay  rate  of  composition  fluctuations  is  signifi- 
cant in  both  the  miscible  and  immiscible  phases. 
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The  effect  of  shear  on  the  ordering  temperature  of  a 
triblock  copolymer  melt  of  polystyrene-polybut  adient- 
polystyrene  (SBS)  is  examined  by  in  situ  small  angle 
neutron  scattering  (SANS).  Results  obtained  by  SANS 
arecompared  to  the  Theologically  determining  order- 
disorder  transition  temperature,  TRODT  ==115  plus 
or  minus  C.  The  SANS  measurements  from  a  Couette 
geometry  shear  cell  are  then  used  to  construct  a  'dy- 


01,288 


153 


CHEMISTRY 


Polymer  Chemistry 


namical  phase  diagram'  based  on  characteristic 
changes  in  the  scattering  with  temperature  and  shear 
rate,  gamma.  A  shear  rate  dependent  ordering  tem- 
perature, T  ord(gamma),  is  identified  as  the  system  is 
sheared  isothermally  from  the  disordered  state.  The 
scattering  behavior  is  shownto  be  highly  strain  depend- 
ent. The  authors  compare  their  findings  on  theshear 
rate  dependence  of  the  ordering  transition  in  triblock 
materials  with  previous  observations  on  diblock  co- 
polymer materials  and  theoretical  expectations  for  the 
shear  rate  dependence  of  the  order-disorder  transition 
temperature.  A  simple  scaling  argument  leads  to  a 
good  description  of  the  shear  rate  dependence  of  T 
ord(gamma)  in  both  diblock  and  triblock  copolymer 
measurements  over  the  range  of  shearrates  examined. 
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13  C  CPMAS  NMR  and  Raman  spectra  have  been 
taken  to  oligomers  (DP  =  2-9)  and  several  prepara- 
tions of  cellulose  triacetate  (CTA).  CTA  exhibits  poly- 
morphism and  the  NMR  spectra  of  the  CTA(I)  and 
CTA(II)  allomorphs  along  with  the  spectrum  of 
noncrystalline  CTA  have  been  isolated.  Magnetic 
inequivalence  within  the  unit  cell  of  CTA(II)  is  greater 
than  for  CTA(I),  indicating  a  lower  symmetry  in  the 
CTA(II)  unit  cell.  An  attempt  is  made  to  correlate  some 
of  the  NMR  resonances  with  proposed  X-ray  crystal 
structures  for  each  of  these  allomorphs.  From  both  the 
Raman  and  the  NMR  spectra  of  the  oligomers,  in  com- 
parison with  the  different  CTA  preparations,  it  is  deter- 
mined that  the  pentamer  and  higher  oligomers  crys- 
tallize into  the  CTA(I)  lattice.  On  the  basis  of  the 
Raman  spectra,  it  is  argued  that  CTA(I)  and  CTA(II) 
are  distinguished  by  backbone  conformational  dif- 
ferences. In  a  single  attempt  to  explore  the  role  of  the 
solvent  in  determining  the  crystal  habit  of  the 
oligomers,  the  pentamer  persisted  in  the  CTA(I)  lattice 
even  when  crystallization  took  place  in  dibenzyl  ether, 
the  solvent  out  of  which  the  CTA  polymer  forms  CTA(II) 
crystallites.  Based  on  these  findings,  an  approach  of 
obtaining  a  definitive  crystal  structure  of  CTA(I)  would 
be  to  grow  and  perform  a  structural  determination  on 
a  single  crystal  of  an  oligomer  of  DP  greater  than  4. 
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Radiochromic  films  (GafChromic  DM  1260  and  MD55), 
consisting  of  thin,  colorless  transparent  coatings  of  a 
polycrystalline,  substituted-diacetylene  sensor  layer  on 
a  clear  polyester  base,  are  studied  by  pulse  radiolysis 
and  flash  photolysis,  in  terms  of  the  kinetics  of  their 
response  to  ionizing  radiation  and  ultraviolet  light. 
These  films  have  recently  been  established  for  broad 
applications  in  radiographic  imaging,  nuclear  medicine, 
and  dosimetry  for  radiotherapy,  blood  irradiation,  in- 
sect population  control,  food  irradiation,  and  industrial 
radiation  processing.  The  radiochromic  reaction  is  a 
solid-state  polymerization,  whereby  the  films  turn  deep 
blue  proportionately  to  radiation  dose,  due  to  progres- 
sive 1,4-trans  additions  as  polyconjugations  along  the 
ladder-like  polymer  chains.  The  pulsed-electron-in- 
duced  propagation  of  polymerization  has  an  observed 
first-order  rate  constant  of  the  order  of  10  to  the  3rd 


power  s  to  the  minus  1  power,  depending  on  the  irra- 
diation temperature.  The  UV-induced  polymerization  is 
faster  by  about  one  order  of  magnitude.  In  the  case 
of  the  electron  beam  effect,  the  radiation-induced  ab- 
sorption spectrum  exhibits  a  much  slower  blue-sift  of 
the  primary  absorption  band  on  the  10  to  the  minus 
3  power  -  10  to  the  minus  1  power  second  time  scale. 
This  effect  is  attributed  to  crystalline  strain 
rearrangements  of  the  stacked  polymer  strand  units. 
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Technical  activities  of  the  Polymers  Division,  854,  for 
the  1995  fiscal  year  are  described.  The  report  is  orga- 
nized by  programs:  Electronic  Packaging  and  Inter- 
connections, Polymer  Blends,  Polymer  Matrix  Com- 
posites, Viscoelastic  Behavior  of  Polymers,  Polymer 
Characterization,  Dental  and  Medical  Materials,  The- 
ory and  Modeling  and  Other.  The  objectives,  accom- 
plishments and  outputs  of  each  project  included  in  the 
Programs  are  given,  as  well  as  summaries  of  publica- 
tions, patents,  industrial  and  academic  interactions,  in- 
vited talks  and  participation  by  Division  staff  in  tech- 
nical and  professional  committees. 
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The  thermal  conductivities  of  several  types  of  a  com- 
mercial polyimide  (namely  polypyromellitimide,  PPMI) 
film  were  measured  over  a  range  of  temperatures  from 
4.2  to  300  K  with  an  unguarded  steady  state  parallel- 
plate  apparatus.  Specimens  were  made  by  stacking 
multiple  layers  of  film  together.  Conductive  grease  was 
used  between  the  layers  of  film  to  reduce  thermal  con- 
tact resistance.  Two  specimens  were  made  from  two 
different  types  of  neat  film  with  a  thickness  of  76  micro 
m,  and  three  specimens  were  made  from  films  that 
contained  two  different  amounts  of  alumina  filler  and 
had  thicknesses  of  25  or  76  micro  m.  The  conductivity 
of  PPMI  film  increases  with  the  amount  of  alumina  filler 
present.  The  thermal  conductivity  of  specimens  made 
from  film  of  the  same  type  but  of  different  thickness 
is  independent  of  film  thickness,  within  the  limits  of  ex- 
perimental uncertainty.  The  conductivity  of  a  specimen 
subjected  to  a  simulated  curing  process  by  being  held 
at  a  temperature  of  1 50  degrees  C  for  90  minutes  was 
indistinguishable  from  that  of  a  similar,  control  speci- 
men not  subjected  to  such  treatment. 
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The  effect  of  atmospheric  oxygen  on  the  thermal  de- 
composition of  poly(methyl  methacrylate),  PMMA,  in  a 
slab-like  configuration  was  investigated.  Blackbody  ir- 


radiation of  12  mm  thick  PMMA  slabs  on  one  side  was 
used  to  simulate  the  thermal  decomposition  and  gasifi-  i 
cation  of  the  polymer  in  a  fire  environment.  Results  are 
reported  for  chain  scission  number  obtained  from  mo- 
lecular  weight  measurements  and  for  residual  mono- 
mer  content  at  various  levels  below  the  slab  surfaces 
irradiated  at  17  and  30k  W/sq.  m.  in  atmospheres  | 
containint  0,  10,  21  and  41%  oxygen  in  nitrogen.  The 
scission  number  and  polydispersity  of  surface  layers,  , 
about  0.1  mm  thick,  were  found  to  increase  linearly 
with  the  mole  fraction  of  oxygen  in  nitrogen.  Over  this 
range  (0  to  41%  02)  the  scission  number  increased 
from  1 .5  to  5.0  and  the  polydispersity  increased  from 
3.6  yo  1 1 .3  when  the  PMMA  was  degraded  at  the  lower 
flux,  while  at  the  higher  flux. 
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Studies  of  finite  size  effects  on  the  equilibrium  prop- 
erties and  kinetic  processes  of  materials  confined  to 
thin  films  provide  important  insight  into  thin  film  coating 
applications.  Many  recent  experimental  and  theoretical 
investigations  have  focused  on  the  influence  of  film 
thickness  on  phase  stability.  Modification  of  surface 
interactions  near  the  boundaries  of  confined  materials 
can  lead  to  essentially  new  phenomena  which  should 
provide  the  basis  for  technological  applications.  Sur- 
factant materials,  such  as  block  copolymers,  are 
known  to  be  effective  in  modifying  interfacial  properties 
so  that  these  additives  are  expected  to  have  a  large 
effect  in  thin  films. 


01,295 

PB97-111900       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Polymers  Div. 

Compatibilization     of     Polymer     Blends  by 

Complexation.  2.  Kinetics  of  Interfacial  Mixing. 

Final  rept. 

Y.  Feng,  R.  A.  Weiss,  A.  Karim,  D.  G.  Peiffer,  C.  C. 

Han,  and  J.  F.  Ankner.  1996,  7p. 

Pub.  in  Macromolecules,  v29  n11  p3918-3924  1996. 

Keywords:  "Neutron  reflectivity,  "Polymer  interface, 
Complexation,  lonomer,  Diffusion,  Reprints. 

The  interfacial  composition  and  kinetics  of  interfacial 
mixing  of  two  polymers  that  exhibit  strong  exothermic 
interactions,  poly(N,N'-dimethyle  thylenesebacamide) 
(mPA)  and  the  lithium  salt  of  a  lightly  sulfonated  poly- 
styrene ionomer  containing  7.4  mol%  sulfonate  groups 
(Li-SPS),  were  characterized  by  neutron  reflectivity 
measurements.  Blends  of  Li-SPS  and  mPA  are  mis- 
cible  below  ca.  1 50  degrees  C  as  a  result  of  the  forma- 
tion of  an  ion-dipole  complex  between  the  Li+- 
sulfonate  and  amide  groups.  Neutron  reflectivity  meas- 
urements were  carried  out  on  spun-coated  bilayer  films 
of  the  polyamide  and  a  deuterated  sample  of  the 
ionomer.  The  films  were  annealed  at  96  degrees  C, 
which  is  above  the  melting  temperature  of  the 
mPA(Tm=75  degrees  C)  but  below  the  glass  transition 
temperature  of  the  ionomer  (Tg=120  degrees  C).  The 
interface  between  the  two  films  exhibited  an  asymmet- 
ric concentration  profile  due  to  the  large  viscosity  mis- 
match between  the  two  polymer,  and  the  interfacial 
mixing  followed  neither  Fickian  nor  Case  II  diffusion. 
A  kinetic  model  that  combined  Fickian  diffusion  with  a 
suppression  of  mobility  due  to  intermolecular  cross- 
linking  adequatelyrepresented  the  experimental  data. 
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Small-angle  neutron  scattering  (SANS)  was  used  to 
measure  the  miscibility  of  blends  of  protonated 
polyisoprene  (HPI)  with  3,4  microstructure  in  the  range 
of  7-44%,  and  of  deuterated  polybutadiene  (DPB)  with 
1,2  microstructure  in  the  range  of  9-70%.  These  data 
suggest  that,  for  deuterated  polybutadiene/protonated 
polyisoprene  blends,  overall  miscibility  is  controlled  by 
the  3,4  content  of  the  polyisoprene.  This  isomeric 
group  is  strongly  immiscible  with  the  1,4  -butadiene 
group  and  the  immiscibility  decreases  with  tempera- 
ture, while  the  3,4  group  is  weakly  miscible  with  the 
1,4  isoprene  group  and  miscibility  increases  with  tem- 
perature. Conversely,  the  3,4  group  is  strongly  miscible 
with  the  1,2  butadiene  group  and  miscibility  decreases 
with  increasing  temperature.  The  differing  trends  of  the 
interaction  parameter  with  temperature  suggest  that 
shifts  in  the  LCST  phase  diagram  can  be  controlled  by 
judicious  changes  in  microstructure.  These  theoretical 
predications  were  confirmed  with  experimental  small- 
angle  light  scattering  (SALS)  results  on  all  protonated 
blends.  The  statistical  segment  length,  b,  appears  to 
be  independent  of  temperature,  but  is  dependent  on 
total  vinyl  level.  For  the  blends  used  in  the  study,  b 
has  a  minimum  value  at  approximately  30-35%  total 
vinyl  isomeric  groups. 
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The  phase  diagram  for  a  low  molecular  weight  blend 
of  deuterated  polystyrene  (PSD,  M(W)  =  1000  g/mol) 
and  polybutadiene  (PB,  M  =  5100  g/mol)  was  deter- 
mined by  light  scattering  measurements.  The  critical 
temperature  of  the  blend  was  51  degrees  C  and  the 
critical  composition  was  approximately  0.75  g/g 
polysytrene  (75%  PSD  by  weight).  Upon  addition  of  the 
PSD-PB  diblock  copolymer  (total  M(W)  =  10,600  g/ 
mol)  linearly  to  a  lower  temperature  and  the  rate  of 
phase  separation  was  greatly  retarded.  The  size  scale 
of  the  phase  separated  microstructure  was  also  greatly 
reduced  as  block  copolymer  was  added,  indicating 
compatibilization  of  the  blend. 
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The  modern  metric,  International  System  (SI)  of  meas- 
urement is  coming  to  structural  engineering  practice. 
For  instance,  Federal  agencies  are  required  by  law  to 
implement  SI  procurements,  specifications,  grants, 
etc.,  by  September  30,  1 992.  Perhaps  the  most  impor- 
tant challenge  this  brings  to  structural  engineers  is  to 
learn  to  think  quantitatively  and  exert  good  engineering 
judgment  in  metric  dimensions. 
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The  report  contains  seven  white  papers  prepared  for 
a  December  1994  White  House-Construction  Industry 
Workshop  organized  by  the  Civil  Engineering  Re- 
search Foundation  on  behalf  of  the  National  Science 
and  Technology  Council's  Subcommittee  on  Construc- 
tion and  Building. 
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The  Federal  Aviation  Administration  (FAA)  is  inter- 
ested in  the  possibility  of  using  elevators  for  evacuation 
of  air  traffic  control  towers  during  fire  emergencies.  As- 
suming that  the  FAA  could  design,  install,  and  maintain 
elevators  that  could  safely  be  used  by  tower  occupants 
during  fire  evacuations,  it  would  be  important  to  study 
a  number  of  human  factor  considerations.  This  report, 
which  is  partly  based  on  interviews  of  occupants  in  thir- 
teen FAA  towers,  discusses  these  issues.  Given  the 
fact  that  there  has  been  a  20-year  campaign  to  dis- 
courage elevator  use  during  fire  emergencies,  most 
interviewees  indicated  a  willingness  to  use  such  ele- 
vators as  a  backup  mode  of  escape  with  some  reluc- 
tance. The  controls  in  the  elevator  would  not  need  any 
major  modification  but  a  special  communication  sys- 
tem would  be  needed.  Fire  emergency  plans  and  train- 
ing are  important  to  assure  proper  use  of  the  proposed 
system  and  confidence  in  the  safety  it  provides. 
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The  report  presents  the  results  of  a  study  to  (1)  assess 
the  applicability  of  electromagnetic-acoustic  trans- 
ducers for  nondestructive  evaluation  of  stresses  in 
bridge  structures  and  (2)  evaluate  the  new  ultrasonic 
instruments  as  an  effective  technique  for  stress  sur- 
veys in  bridge  structures.  Field  tests  were  performed 
on  two  bridges,  one  a  simply  supported  design  and  the 
other  an  integral  backwall  bridge.  Residual  stress 
measurements  were  made  on  a  vertical  scanline  in  the 
web  at  midspan  of  a  simply-supported  bridge.  Live  load 


measurements  were  made  by  determining  the  normal- 
ized change  in  arrival  times  of  surface  waves  propagat- 
ing between  two  tranducers  mounted  on  the  bottom 
flange.  Good  agreement  between  strain  gage  and  ul- 
trasonic data  was  obtained,  both  for  the  time-history 
of  strain  and  also  for  the  equivalent  stress  range. 
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These  recommendations  for  developing  and  adopting 
seismic  design  and  construction  standards  for  lifelines 
describe  the  properties  intended  for  lifeline  systems, 
equipment,  and  materials.  They  provide  both  the 
mechanism  for  communication  between  buyers  and 
sellers  of  lifeline  products  and  services  and  the  basis 
for  regulations  protecting  the  public  health,  safety  and 
welfare. 
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The  Marshall  method  is  used  by  many  state  and  local 
highway  agencies  for  the  design  of  hot-mix  asphalt 
pavement.  Although  the  procedure  is  specified  by  sev- 
eral industry  standards,  round-robin  programs  have 
confirmed  wide  variability  in  Marshall  test  results.  Much 
of  the  scatter  in  the  data  is  attributed  to  compaction 
hammer  variables,  such  as:  variation  in  drop  weight, 
drop  height,  friction,  hammer  alignment,  pedestal  sup- 
port and  foundation.  With  the  objective  of  reducing  the 
variability  of  Marshall  test  results,  a  robust,  easy  to  use 
and  relatively  inexpensive  test  apparatus,  described  in 
the  report,  has  been  developed  for  calibration  of  me- 
chanical Marshall  compaction  hammers. 
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Mercury  intrusion  porosimetry  is  a  widely  used  method 
for  measuring  the  pore-size  distribution  of  porous  ma- 
terials. The  paper  describes  an  algorithm  that  has  been 
developed  that  simulates  mercury  intrusion  into  a  two- 
dimensional  porous  material.  The  simulation  can  be 
implemented  on  model  structures  or  on  micrographs 
of  real  porous  materials.  Using  a  burning  algorithm,  the 
critical  pore  diameter  for  mercury  connectivity  can  be 
directly  computed  and  studied  ao  a  function  of 
microstructure.  The  point  at  which  the  intruding  mer- 
cury becomes  continuous  is  found  to  occur  at  the  in- 
flection point  of  the  cumulative  intrusion  curve,  in 
agreement  with  recent  experimental  results. 
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Serial  sectioning  is  a  technique  of  making  and  examin- 
ing thin  sections  of  material  to  obtain  information  on 
three-dimensional  structures  from  a  series  of  two-di- 
mensional images.  Procedures  were  developed  to 
make  serial  sections  of  hardened  cement  paste  by  the 
removal  of  thin  layers  by  polishing.  Backscattered  elec- 
tron imaging  of  the  remaining  paste  block  was  used 
to  record  the  paste  microstructure  after  each  section 
was  removed.  Procedures  developed  cover  the 
polishing  practice,  the  removal  of  thin  layers  by 
polishing,  the  estimation  of  layer  thickness,  and  the  lo- 
cation and  alignment  of  specific  regions  for  imaging. 
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The  impact-echo  method  was  used  to  detect  simulated 
voids  in  grouted  post-tensioning  tendon  ducts  cast  in 
a  1-m  thick  concrete  wall  specimen.  The  study  was 
part  of  a  program  to  evaluate  nondestructive  test  meth- 
ods based  on  stress  wave  propagation.  The  locations 
of  the  voids  in  the  ducts  were  not  known  by  the  authors 
until  after  their  results  had  been  reported  to  the  prin- 
cipal investigator  of  the  project.  The  impact-echo  meth- 
od was  successful  in  locating  the  voids.  However,  the 
study  showed  that  additional  research  is  needed  to 
gain  a  complete  understanding  of  the  interaction  of 
stress  waves  with  voids  in  cylindrical  ducts. 
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Research  conducted  in  the  1970s  to  evaluate  and  de- 
velop criteria  for  nonmetallic  coatings  to  protect  steel 


reinforcing  bars  embedded  in  concrete  bridge  decks 
from  the  corrosive  action  of  chlorides  is  reviewed  to 
provide  a  case  study  for  successes  and  disappoint- 
ments in  structural  research.  The  objectives  of  the  re- 
search, the  technical  challenges  faced,  the  conduct  of 
the  research,  and  how  the  results  were  implemented 
for  improvement  of  structural  engineering  practice  are 
discussed.  Also,  reasons  for  the  successful  transition 
from  research  to  field  application  are  explored. 
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A  large  database  of  Portland  Cement  and  Portland  Ce- 
ment Concrete  interlaboratory  test  results  has  been 
generated  at  the  Cement  and  Concrete  Reference 
Laboratory  (CCRL)  since  1965.  The  database  rep- 
resents a  rich  resource  inasmuch  as  the  cements  test- 
ed were  produced  by  many  different  production  facili- 
ties, from  raw  materials  obtained  from  different  geo- 
logical areas,  and  over  a  long  period  of  time.  Participa- 
tion varies  from  120  to  over  200  laboratories,  located 
throughout  the  United  States  and  in  several  other 
countries.  Computer  and  statistical  techniques  are 
used  to  present  the  data  from  the  first  72  samples  in 
graphical  forms  to  better  understand  cement  and  ce- 
ment testing.  Data  for  each  of  10  physical  test  prop- 
erties and  11  chemical  'compounds'  of  Portland  ce- 
ment are  represented  graphically  through  use  of  box 
plots.  For  each  property  and  compound,  the  box  plots 
of  data  from  multiple  samples  are  plotted  sequentially 
as  distributed  by  CCRL  and  also  sorted  on  median  val- 
ues. In  several  instances,  box  plots  for  one  test  prop- 
erty are  ordered  by  the  median  values  of  another  prop- 
erty to  analyze  possible  relationships.  Also,  the  charac- 
teristics of  each  of  72  cements  are  profiled  (graphi- 
cally) in  relation  to  the  population  of  results  of  other 
cements. 
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The  complex  microstructure  of  hardened  cement  paste 
is  produced  by  hydration  reactions  between  cement 
particles  and  the  water  in  which  they  are  suspended. 
In  recent  years,  algorithms  like  the  diffusion-limited  ag- 
gregation (DLA)  and  Eden  models  have  demonstrated 
that  simple  growth  rules  can  result  in  complex  aggre- 
gated structures.  The  model  described  in  the  paper 
simulates,  via  simplified  growth  rules,  the 
microstructural  development  of  hydrating  cement 
paste.  The  model  has  simularities  to  DLA,  but  with  the 
additional  novel  features  of  dissolution  of  solid  par- 
ticles, and  a  free-space  nucleation  probability.  The  per- 
colation aspects  and  transport  properties  of  the  mod- 
el's pore  space  are  computed  and  discussed. 
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Characterization  of  the  microstructure  of  hydrating  ce- 
ment is  difficult  due  to  its  complexity.  Models  of  the  hy- 
dration process  provide  one  means  of  characterization 
as  they  attempt  to  duplicate  features  of  real 
microstructures.  This  paper  presents  a  simple  model 
for  hydration  consisting  of  random  dissolution,  diffu- 
sion, nucleation,  and  surface  reaction.  The  model  has 
been  developed  in  a  digitized  format.  Space  is  rep- 
resented as  an  array  of  pixels,  each  of  which  is  classi- 
fied as  a  given  material:  reactant,  dissolved  species, 
hydrate,  or  pore.  Having  the  model  in  digitized  format 
allows  for  the  visualization  of  the  hydration  as  it  occurs 
and  for  rapid  subsequent  quantification  of  the  resultant 
microstructure.  In  addition,  real  images  or  cement  par- 
ticles can  be  digitized  and  used  as  the  starting  material 
for  model  execution.  Algorithms  for,  and  results  of,  the 
model  are  presented. 
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As  concrete  is  exposed  to  the  elements,  its  underlying 
microstructure  can  be  attacked  by  a  variety  of  aggres- 
sive agents.  For  example,  rainwater  and  groundwater 
can  degrade  the  concrete  by  dissolving  soluble  con- 
stituents such  as  calcium  hydroxide.  Using  computer 
simulation,  the  paper  examines  the  effects  of  calcium 
hydroxide  dissolution  on  two  material  properties:  the 
percolation  properties  or  connectivity  of  the  capillary 
pore  space,  and  the  relative  ionic  diffusivity.  A 
microstructural  model  for  cement  paste  is  used  to 
produce  a  hydrated  specimen  which  is  subsequently 
subjected  to  the  leaching  process.  Pore  space  percola- 
tion characteristics  and  relative  ionic  diffusivity  are 
computed  throughout  the  leaching  process  as  a  func- 
tion of  total  capillary  porosity.  Material  variables  exam- 
ined are  watensolids  ratio  and  silica  fume  content.  Per- 
colation theory  is  used  to  develop  the  concept  of  a  criti- 
cal volume  fraction  of  calcium  hydroxide  plus  capillary 
pore  space.  It  is  shown  that  this  critical  combined  vol- 
ume fraction  determines  the  magnitude  of  the  effect  of 
leaching  on  relative  ionic  diffusivity. 
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A  digital-image-based  microstructural  model  of  cement 
paste,  along  with  a  new,  fast  algorithm  for  computing 
and  conductance  of  random  conductor  lattices,  are 
used  to  study  the  diffusivity  of  cement  paste  as  a  func- 
tion of  degree  of  hydration  and  watercement  ratio.  The 
computational  methods  and  some  preliminary  data  are 
presented,  and  comparison  with  experimental  results 
is  discussed. 
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The  chapter  reviews  the  history  and  technical  basis  of 
the  maturity  method,  a  technique  for  estimating  the 
strength  gain  of  concrete  based  upon  the  measured 
temperature  history  during  curing.  The  combined  ef- 
fects of  time  and  temperature  on  strength  gain  are 
quantified  by  means  of  a  maturity  function.  The  widely 
used  maturity  functions  are  reviewed  critically.  It  is 
shown  that  the  traditional  maturity  function  is  inad- 
equate compared  with  the  function  based  upon  the 
Arrhenius  equation.  The  concept  of  equivalent  age, 
which  is  the  most  convenient  measure  of  maturity,  is 
explained.  The  strength  gain  of  a  specific  concrete  mix- 
ture is  estimated  using  the  measured  maturity  and  the 
strength  vs.  maturity  relationship  for  that  mixture.  Var- 
ious proposed  strength-maturity  relationships  are  re- 
viewed. It  is  also  explained  why  the  maturity  method 
can  only  be  used  reliably  to  estimate  relative  strength. 
Examples  are  presented  to  illustrate  how  this  tech- 
nique can  be  used  in  combination  with  other  in-place 
tests  of  concrete  strength.  The  ASTM  standard  dealing 
with  the  method  is  also  summarized. 
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A  model  is  proposed  for  estimating  relative  strength 
gain  of  concrete  under  isothermal  curing  conditions. 
The  key  feature  of  the  model  is  the  relationship  be- 
tween curing  temperature  and  the  rate  constant  for  rel- 
ative strength  development.  The  strength  gain  of  seven 
concrete  and  mortar  mixtures  under  three  curing  tem- 
peratures was  studied.  It  was  found  that  a  simple  expo- 
nential function  may  be  used  to  describe  the  observed 
variations  of  the  rate  constant  with  curing  temperature. 
It  is  shown  that  the  relative  strength  development  of 
concrete  can  be  estimated  from  its  temperature  history 
using  parameters  determined  experimentally  from 
tests  of  isothermally-cured  mortar  specimens. 
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Portland  cement  pastes  were  mixed  with  predissolved 
naphthalene  sulfonate  superplasticizer  at  normal 
watencement  ratios.  Solutions  were  separated  from 
the  fresh  pastes  at  intervals  and  the  residual  con- 
centration of  the  superplasticizer  determined  by  UV 
spectrophotometry.  At  low  dosage  levels  essentially  all 
of  the  superplasticizer  was  found  to  be  removed  from 
solution  within  a  few  minutes;  at  high  dosage  levels  a 
substantial  concentration  was  maintained  in  solution  at 
least  to  approximately  the  time  of  set.  In  pastes  in 
which  silica  fume  replaced  10%  by  weight  of  the  ce- 


ment, it  was  found  that  the  incorporation  of  silica  fume 
significantly  increased  the  uptake  of  superplasticizer. 
In  separate  trials  it  was  found  that  the  silica  fume  by 
itself  absorbed  little  superplasticizer,  even  from  high 
pH  solution  simulating  that  of  cement  paste. 
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The  report  discusses  the  expert  system  HWYCON 
(Highway  Concrete).  HWYCON  is  designed  to  assist 
state  highway  departments  in  three  areas:  (1)  diagnos- 
ing distresses  in  highway  pavements  and  structures; 
(2)  selecting  materials  for  construction  and  reconstruc- 
tion; and  (3)  obtaining  recommendations  on  materials 
and  procedures  for  repair  and  rehabilitation  methods. 
HWYCON  is  an  operational  system  and  will  be  distrib- 
uted to  state  DOT'S  through  SHRP.  This  document  is 
intended  to  provide  a  reference  for  users  of  the  system 
who  need  information  that  is  not  covered  in  the  over- 
view and  installation  document  provided  with  the  sys- 
tem. 
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Performance  of  concrete  is  influenced  by  the  portland 
cement  phase  composition.  Phase  abundance  deter- 
mination has  traditionally  been  accomplished  using 
two  different  methods;  optical  microscopy,  and  a 
Bogue  calculation  based  on  a  chemical  analysis.  X-ray 
powder  diffraction  is  a  direct,  bulk  analytical  method 
for  phase  analysis  of  fine-grained  materials  including 
clinker  and  cements.  Each  phase  produces  a  unique 
diffraction  independently  of  the  others  with  each  pat- 
tern intensity  being  proportional  to  phase  concentra- 
tion. Difficulties  in  X-ray  powder  diffraction  analysis  in- 
clude correction  for  sample  absorption,  selection  of  ref- 
erence standards,  and  determination  of  individual  pat- 
tern intensity.  These  problems  are  minimized  by  use 
of  an  internal  standard,  profile  fitting,  and  careful  ref- 
erence standard  selection. 
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Parking  garage  MLP-7A  at  the  National  Institutes  of 
Health  (NIH)  is  a  four-level,  cast-in-place  concrete 
structure,  approximately  seventeen  years  of  age  which 
is  exhibiting  expansion  and  cracking  of  the  parapet 
walls.  An  accelerated  expansion  test  of  aggregate  ex- 
tracted from  the  structure  indicates  that  the  aggregate 
is  reactive  and  that  there  is  a  potential  for  further  ex- 
pansion. The  performance  of  water  repellant  treat- 
ments were  evaluated  in  field  studies  on  the  garage 
structure.  Each  repellant  treatment  reduced  water  infil- 
tration relative  to  an  untreated  test  region  however, 
some  treatments  performed  better  in  regions  with  visi- 
ble, fine  surface  cracks. 
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NIST  Handbook  150-5  presents  the  technical  require- 
ments of  the  National  Voluntary  Laboratory  Accredita- 
tion Program  (NVLAP)  for  the  Construction  Materials 
Testing  program.  It  is  intended  for  information  and  use 
by  staff  of  accredited  laboratories,  those  laboratories 
seeking  accreditation,  other  laboratory  accreditation 
systems,  users  of  laboratory  services,  and  others 
needing  information  on  the  requirements  for  accredita- 
tion under  the  Construction  Materials  Testing  program. 
This  publication  supplements  NIST  Handbook  150 
(PB94-178225),  NVLAP  Procedures  and  General  Re- 
quirements, which  contains  Part  285  of  Title  15  of  the 
U.S.  Code  of  Federal  Regulations  (CFR)  plus  all  gen- 
eral NVLAP  procedures,  criteria,  and  policies.  Hand- 
book 150-5  contains  information  that  is  specific  to  the 
Construction  Materials  Testing  program  and  does  not 
duplicate  information  contained  in  the  Procedures  and 
General  Requirements.  It  is  organized  to  cross-ref- 
erence with  Handbook  1 50. 
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Cellular  automation  algorithms,  which  operate  on  a 
starting  digital  image  of  a  water-cement  suspension, 
are  described.  The  algorithms  simulate  the 
microstructure  development  process  due  to  hydration 
reactions  that  occur  between  cement  and  water.  This 
paper  describes  the  evolution  of  the  cement  model 
from  a  simple  model,  which  treated  the  cement  par- 
ticles as  a  single-phase  materials,  with  a  greatly  sim- 
plified hydration  chemistry,  into  a  model  which  has 
many  more  chemical  species  and  includes  numerous 
reactions  which  eventually  convert  the  viscous  water- 
cement  suspension  into  a  rigid  porous  solid.  Methods 
are  presented  for  generating  two-  and  three-dimen- 
sional images  representing  suspension  initial  condi- 
tions; these  are  derived  from  both  micrographs  of  real 
cements  and  computer-based  algorithms.  A  conven- 
ient measure  of  the  point  at  which  the  initial  paste  turns 
into  a  solid  material  is  the  percolation  threshold  of  the 
solids.  Consideration  of  these  models  has  already  led 
to  the  prediction  and  subsequent  experimental  obser- 
vation of  a  sharply  defined  onset  of  shear  wave  propa- 
gation, from  ultrasonic  measurements  through  hydrat- 
ing  cement  slurries.  The  amount  of  hydration  needed 
to  reach  the  percolation  threshold  can  be  determined 
in  the  present  simulations,  and  our  results  are  com- 
pared with  time  of  shear  wave  onset  in  actual  cement 
slurries. 
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Laboratory  concretes  containing  only  coarse  aggre- 
gates ana  0,  10,  or  20%  silica  fume  as  a  cement  re- 
placement were  prepared  at  a  constant  water-to-solids 
ratio  and  sampled  at  1 ,  7,  and  28  days.  Scanning  elec- 
tron microscopy  was  utilized  to  monitor  the  progress 
of  the  hydration  reactions  both  in  the  bulk  paste  and 
in  regions  near  an  aggregate  surface.  Phase  volume 
fractions  were  determined  by  quantitative  image  analy- 
sis of  the  backscattered  electron  images.  In  addition, 
the  size  of  'individual'  two-dimensional  cross  sections 
of  calcium  hydroxide  crystals  and  capillary  pores  were 
assessed.  Silica  fume  additions  are  seen  to  affect  both 
the  amount  and  size  of  these  microstructural  features. 
Differences  are  observed  between  interfacial  zone  and 
bulk  areas  which  support  previous  mercury  intrusion 
measurements  of  mortar  specimens.  This  analysis 
lends  support  to  the  hypothesis  that  when  silica  fume 
is  present,  calcium  hydroxide  crystals  form  and  then 
dissolve  away,  contributing  to  a  connected  pathway  of 
capillary  porosity  in  the  interfacial  zone  regions. 
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The  National  Institute  of  Standard  and  Technology  and 
the  American  Concrete  Institute  cosponsored  a  work- 
shop on  high-performance  concrete  (HPC).  The  objec- 
tives were  to  identify  technical  and  institutional  barriers 
which  impede  the  widespread  use  of  HPC  and  to  rec- 
ommend actions  to  overcome  these  barriers.  The  rec- 
ommended research,  summarized  in  this  paper,  is  pro- 
posed as  the  basis  for  developing  a  national  program 
to  exploit  the  potential  of  HPC  and  assure  U.S.  com- 
petence in  concrete  technology. 
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A  system  for  calibrating  the  Marshall  compaction  ham- 
mer has  recently  been  developed  at  the  National  Insti- 
tute of  Standards  and  Technology,  in  collaboration  with 
the  American  Association  of  State  Highway  Transpor- 
tation Officials  (AASHTO),  Materials  Reference  Lab- 
oratory (AMRL).  The  calibration  system  consists  of  a 
spring-mass  device  with  an  integral  force  transducer 
and  a  high-speed  data  acquisition  system.  The  pro- 
posed calibration  procedure  is  based  on  adjusting  the 
number  of  hammer  blows  delivered  to  a  specimen, 
such  that  a  standard  compactive  effort  is  supplied  dur- 
ing the  compaction  process,  regardless  of  slight  vari- 
ations in  the  Marshall  hammer.  In  an  earlier  laboratory 
evaluation  program,  the  calibration  system  and  proce- 
dure proved  to  be  effective  in  reducing  the  variability 
of  Marshall  test  results.  Presented  in  the  report  is  a 
summary  of  a  field  evaluation  program  of  the  calibra- 
tion system  and  procedure.  In  this  study,  Marshall 
specimens  were  prepared  in  bituminous  laboratories 
using  production  Marshall  hammers:  twelve  labora- 
tories, or  field  sites,  participated  in  the  study.  Sixteen 
Marshall  specimens  were  prepared  at  each  site. 
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This  chapter  deals  with  methods  for  estimating  the  po- 
tential, later-age  strength  of  a  concrete  mixture  based 
upon  the  compressive  strength  measured  on  cylin- 
drical specimens  at  early  ages.  The  results  of  the  coop- 
erative research  program  leading  to  the  development 
of  ASTM  Test  Method  for  Making,  Accelerated  Curing, 
and  Testing  Concrete  Compression  Test  Specimens 
(C  684)  are  reviewed.  This  review  is  based  on  Chapter 
13  of  ASTM  STP  169B,  which  was  written  by  M.H. 
Wills,  Jr.,  and  was  titled  'Accelerated  Strength  Tests.' 
The  earlier  text  has  been  augmented  by  the  addition 
of  information  on  the  high-temperature  and  pressure 
accelerated  test  method  that  was  added  to  ASTM  C 
684  in  1989.  In  addition,  the  chapter  has  been  ex- 
panded by  including  the  basis  of  ASTM  Test  Method 
for  Developing  Early-Age  Compression  Test  Values 
and  Projecting  Later-Age  Strengths  (C  918). 
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Advances  in  nondestructive  testing  of  concrete  are 
summarized.  Test  methods  are  classified  into  those 
used  to  assess  in-place  strength  and  those  used  to  lo- 
cate hidden  defects.  In  the  first  category,  recent  devel- 
opments are  presented  on  the  pullout  test,  the  break- 
off  test,  the  torque  test,  a  review  is  presented  of  infra- 
red thermography,  ground  penetrating  radar,  and  sev- 
eral methods  based  upon  stress  wave  propagation. 
The  principles  of  the  methods,  their  advantages  and 
their  inherent  limitations  are  discussed.  Where  appro- 
priate, requirements  of  relevant  ASTM  standards  are 
discussed.  Future  directions  for  research  in  the  area 
of  nondestructive  testing  of  concrete  are  presented. 
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Final  rept. 

L.  M.  Schwartz,  E.  J.  Garboczi,  and  D.  P.  Bentz. 
1995,  11p. 

Pub.  in  Jnl.  of  Applied  Physics,  v78  n10  p5898-5908 
Nov  95. 

Keywords:  "Electrical  resistivity,  "Direct  current, 
"Mortars(Materials),  Concretes,  Transport  properties, 
Percolation,  Durability,  Construction  materials,  Re- 
prints. 

A  mortar  is  a  composite  of  inert  sand  grains  sur- 
rounded by  a  porous  cement  paste  matrix.  We  inves- 
tigate the  electrical  conductivity  of  model  mortars  that 
include  enhanced  electrical  conduction  in  the  matrix- 
sand  grain  interfacial  region.  The  electrical  conductivity 
is  evaluated  by  a  combination  of  finite  element,  finite 
difference,  and  random  walk  methods  for  periodic  and 
disorderd  models  of  motar.  Since  the  effective  con- 
ductivity within  the  interfacial  zone  is  often  much  higher 
than  the  bulk  matrix  conductivity,  the  qualitative  fea- 
tures of  transport  in  these  systems  is  often  controlled 
by  the  connectivity  if  the  interfacial  zone.  Special  atten- 
tion is  thus  given  to  the  geometrical  percolation  of  this 
zone. 
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National  Inst,  of  Standards  and  Technology  (BFRL), 
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Guide  to  a  Format  for  Data  on  Chemical  Admix- 
tures in  a  Materials  Property  Database. 

C.  F.  Ferraris.  Apr  96,  31  p,  NISTIR-5796. 

Keywords:  "Admixtures,  "Properties,  "Data  bases, 
"Format,  Concretes,  Construction  materials,  Stand- 
ards, NIST(National  Institute  of  Standards  and  Tech- 
nology). 

This  guide  is  the  second  in  a  series  of  related  docu- 
ments that  present  recommended  formats  for  use  in 
computerization  of  concrete  materials  property  data.  It 
addresses  the  problem  of  distinguishing  one  chemical 
admixture  from  another  by  providing  a  logical  scheme 
for  systematically  organizing  and  subdividing  material 
characteristics  and  parameter  to  create  a  unique 
chemical  admixture  material  identifier.  The  organiza- 
tion and  structure  presented  in  this  guide  provide  a 
framework  for  cross-referencing  chemical  admixture 
properties,  data,  and  other  information  which  is  con- 
sistent with  reporting  recommendations  contained  in 
the  other  ACI  Committee  126  guides.  ACI  Committee 
126  guides  are  consistent  with  the  principles  laid  down 
in  the  standard  guides  that  have  been  prepared  by 
ASTM  Committee  E-49.  This  guide  is  intended  for  use 
by  those  responsible  for  entering  data  into  a  concrete 
materials  property  database  or  preparing  tables  of  con- 
crete properties  and  information  for  use  by  others. 
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(Reannouncement  with  new  abstract). 
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The  formats  for  data  on  chemical  admixtures  that  are 
described  in  the  report  are  intended  to  aid  the  creation 
of  a  coherent  system  of  concrete  materials  property 
databases.  The  preliminary  document  is  a  guide  that 
presents  a  recommended  format  for  use  in  comput- 
erization of  concrete  materials  property  data.  It  ad- 
dresses the  problem  of  distinguishing  one  chemical  ad- 
mixture from  another  by  providing  a  logical  scheme  for 
organizing  and  subdividing  material  characteristics  and 
parameters  to  create  a  unique  chemical  admixture  ma- 
terial identifier.  The  organization  and  structure  pre- 
sented in  the  guide  provide  a  framework  for  cross-ref- 
erencing chemical  admixture  properties,  data,  and 
other  information  which  is  consistent  with  the  principles 
laid  down  in  the  standard  guides  that  have  been  pre- 
pared by  ASTM  Committee  E-49  and  which  are  due 
to  be  adopted  by  American  Concrete  Institute  (ACI) 
Committee  126.  The  preliminary  working  document  is 
intended  to  assist  the  work  of  ACI  committee  126  by 
providing  a  draft  for  use  by  committee  members  and 
others  who  may  wish  to  offer  suggestions  for  its  devel- 
opment. The  preliminary  document  will  be  superseded 
by  an  official  ACI  document  in  the  series  on  concrete 
materials  property  database  formats  that  is  being  pre- 
pared by  AC1 126. 
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T.  Nguyen,  E.  Byrd,  D.  Bentz,  and  J.  Seiler.  Jul  96, 
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See  also  PB96-1 97249.  Sponsored  by  National  Re- 
search Council,  Washington,  DC.  Transport  Research 
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Keywords:  "Asphalt  pavements,  "Water  effects, 
"Nondestructive  tests,  Bonding,  Aggregates, 
Spectroscopic  analysis,  Interfacial  tension,  Test  meth- 
ods. 

The  main  objective  of  this  study  was  to  develop  a  sen- 
sitive, spectroscopic  technique  to  nondestructively 
evaluate  the  water  stripping  resistance  at  the  molecu- 
lar level  of  an  asphalt  on  a  siliceous  aggregate.  This 
study  consisted  of  three  phases.  Phase  1  involved  the 
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development  of  a  nondestructive,  spectroscopic  tech- 
nique to  measure  the  amount  and  thickness  of  the 
water  layer  at  the  interface  between  an  asphalt  and  a 
siliceous  aggregate.  Phase  2  was  to  develop  a  tech- 
nique to  measure  the  adhesion  loss  of  the  asphalt/ag- 
gregate mixture  exposed  to  water.  And  Phase  3  aimed 
to  relate  the  quantity  of  the  interfacial  water  layer  ob- 
tained in  Phase  1  with  the  adhesion  loss  data  gen- 
erated in  Phase  2. 
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Gaithersburg,  MD.  Structures  Div. 

Shear  Design  of  High-Strength  Concrete  Beams:  A 

Review  of  the  State-of-the-Art. 

D.  Duthinh,  and  N.  J.  Carino.  Aug  96,  205p,  NISTIR- 

5870. 

Keywords:  "Concrete  structures,  "Beams(Supports), 
Reinforced  concrete,  Shear  strength,  State  of  the  art. 

This  state-of-the-art  review  of  the  shear  design  of  high- 
strength  concrete  beams  consists  of  four  parts.  In  the 
first  part,  various  analysis  methods  are  presented:  (1) 
The  plastic  solution  assumes  that  both  steel  reinforce- 
ment and  concrete,  modeled  as  a  modified  Mohr-Cou- 
lomb  material,  are  at  yield.  Under  shear  loading,  the 
concrete  web  develops  an  inclined  compression  field 
which  satisfies  both  upper  and  lower  bound  theorems. 
A  plastic  solution  of  shear  friction  is  also  discussed. 
(2)  Both  the  compression  field  theory  and  the  modified 
compression  field  theory  (MCFT)  are  exact  theories  in 
the  sense  that  they  satisfy  equilibrium,  compatibility  of 
displacements  and  stress-strain  relationships.  The 
MCFT  accounts  for  the  contribution  of  the  tensile 
strength  of  concrete  to  shear  resistance.  (3)  Other 
exact  solutions  are  also  discussed,  that  do  not  assume 
that  the  principal  stress  and  principal  strain  directions 
are  aligned  with  the  shear  cracks  in  the  web.  (4)  The 
45  deg  truss,  the  variable  angle  truss  (VAT)  and  strut- 
and-tie  models  (STM)  belong  to  a  class  of  solutions 
that  only  satisfy  equilibrium. 
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Draft  Guidelines  for  Pre-Qualification  and  Proto- 
type Testing  of  Seismic  Isolation  Systems. 
H.  W.  Shenton.  Mar  94,  104p,  NISTIR-5359. 

Keywords:  'Vibration  isolators,  "Bridges(Structures), 
"Prototypes,  "Test  methods,  "Earthquake  resistant 
structures,  Building  codes,  Displacement,  Structural  vi- 
bration, Dynamic  structural  analysis,  Earthquake  engi- 
neering, Dynamic  response,  Standards,  Stiffness,  Vi- 
bration damping,  Loads(Forces),  Test  facilities. 

At  the  present  time,  at  least  in  the  United  States,  seis- 
mic isolation  systems  are  custom  designed  and  built 
on  a  per  project  basis.  As  a  result,  testing  has  become 
an  essential  element  in  the  design  and  construction  of 
isolated  structures.  Prototype  and  quality  control  tests 
are  required  by  the  1991  Uniform  Building  Code  and 
the  American  Association  of  State  Highway  and  Trans- 
portation Officials,  1991  Guide  Specifications  for  Seis- 
mic Isolation  Design.  Currently,  however,  standards  do 
not  exist  for  conducting  these  tests.  The  Building  and 
Fire  Research  Laboratory  of  the  National  Institute  of 
Standards  and  Technology  has  developed  draft  guide- 
lines for  testing  and  evaluation  of  seismic  isolation  sys- 
tems. Presented  in  the  report  are  guidelines  for  con- 
ducting pre-qualification  and  prototype  tests.  Pre-quali- 
fication  tests  are  currently  not  required  by  the  codes 
but  are  generally  conducted  during  development  of  a 
new  system  and  are  aimed  at  evaluating  fundamental 
properties  and  characteristics  of  the  isolation  system. 
The  guidelines  include  general  requirements  of  the  test 
facility,  instrumentation,  calibration,  data  acquisition, 
data  analysis  and  reporting  of  result.  A  total  of  twenty 
three  tests  are  included  in  the  guidelines.  Performance 
criteria  have  been  established  for  all  tests,  systems 
that  do  not  meet  or  exceed  these  criteria  may  not  func- 
tion adequately  in  service.  The  guidelines  are  to  serve 
as  a  resource  document  for  voluntary  standard/speci- 
fication writing  organizations,  and  for  practitioners  and 
researchers  involved  in  the  design,  manufacture  and 
testing  of  seismic  isolation  systems. 
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National  Inst,  of  Standards  and  Technology  (BFRL), 
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Draft  Guidelines  for  Quality  Control  Testing  of  Slid- 
ing Seismic  Isolation  Systems. 
H.  W.  Shenton.  Mar  94,  36p,  NISTIR-5371. 

Keywords:  "Vibration  isolators,  "Bridges(Structures), 
"Quality  control,  "Test  methods,  "Earthquake  resistant 
structures,  Standards,  Earthquake  engineering,  Dis- 
placement, Building  codes,  Vibration  damping,  Energy 
dissipation,  Structural  vibration,  Dynamic  response, 
Dynamic  structural  analysis. 

Seismic  isolation  systems  designed  according  to  the 
1991  Uniform  Building  Code,  or  the  1991  AASHTO 
Guide  Specification  for  Seismic  Isolation  Design  are 
required  to  undergo  a  series  of  prototype  and  quality 
control  tests  before  being  installed  in  the  structure.  At 
the  present  time,  however,  standards  do  not  exist  for 
conducting  these  tests,  consequently,  results  are  sub- 
ject to  unknown  variability.  The  document  represents 
the  initiation  of  the  process  to  develop  standards  for 
quality  control  testing  of  seismic  isolation  systems  built 
in  the  U.S.  The  guidelines  are  devoted  specifically  to 
quality  control  testing  of  sliding  systems  (another  re- 
port is  devoted  to  quality  control  testing  of  elastomeric 
isolation  systems).  The  guidelines  address  component 
part  and  material  tests  to  be  conducted  during  produc- 
tion, and  tests  on  completed  isolation  units  or  compo- 
nents. Production  tests  are  outlined  in  broad  terms  for 
a  generic  pure  sliding  device.  Two  completed  isolation 
unit  tests  are  outlined:  sustained  compression,  and  ef- 
fective stiffness  and  energy  dissipation.  Complete  de- 
tails of  the  test  set-up,  test  procedure,  data  acquisition, 
analysis  and  reporting  of  results  are  given  in  the  guide- 
lines. Performance  criteria  are  established  for  all  tests; 
systems  that  do  not  meet  these  criteria  may  not  per- 
form satisfactorily  in  service  and  should  be  set  aside 
for  disposition  by  the  engineer  of  record. 
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Darter,  J.  Clifton,  L.  Kaetzel,  T.  Yu,  and  D.  Peshkin. 
cJan  94,  291p,  SHRP-C-373,  ISBN-0-309-05751-5. 
Contract  SHRP-C-206 

See  also  PB88-244330,  PB90-1 13440  and  PB91- 
100537.  Prepared  in  cooperation  with  ERES  Consult- 
ants, Inc.,  Savoy,  IL.  and  National  Inst,  of  Standards 
and  Technology,  Gaithersburg,  MD.  Sponsored  by 
Strategic  Highway  Research  Program,  Washington, 
DC. 

Keywords:  "Concrete  pavements,  "Portland  cements, 
"Bridge  maintenance,  Pavement  damage,  Permeabil- 
ity, Temperature  effects,  Density,  Pavement  overlays, 
Highway  maintenance,  Compressive  strength,  Aggre- 
gates, Mechanical  properties,  Admixtures. 

The  report  provides  (1)  state-of-the-art  information  on 
new  developments  in  portland  cement  concrete  mate- 
rials and  applications  to  users  in  the  highway  agencies, 
especially  young  engineers  just  beginning  their  careers 
in  the  field;  and  (2)  new  materials  and  testing  meth- 
odologies for  a  variety  of  important  highway  and  bridge 
rehabilitation  applications.  The  report  includes  a  con- 
densation of  the  state-of-the-art  synthesis  of  concrete 
highway  technology  prepared  as  part  of  this  research 
project.  Descriptions  of  evaluations  of  test  methods  for 
in-place  concrete  density  with  the  use  of  nuclear  meth- 
ods and  determination  of  water  content  of  fresh  con- 
crete using  microwave  drying  are  also  incorporated  in 
the  report.  The  report  gives  summaries  of  guidelines 
for  avoiding  thermal  effects  in  concrete  pavement  slab 
placements  and  packing-based  aggregate  proportion- 
ing for  concrete  mixtures.  The  report  contains  a  de- 
tailed description  of  field  evaluations  of  a  variety  of 
concrete  mixes  used  for  early  opening  of  full  depth 
concrete  pavement  repairs  and  bridge  deck  overlays. 
Opening  times  ranged  from  2  to  24  hours.  Brief  de- 
scriptions of  the  methodology  and  content  of  the 
HWYCON  expert  system,  available  from  SHRP,  are 
also  included.  Finally,  a  description  of  the  contents  of 
audiovisual  implementation  packages  for  highway  per- 
sonnel dealing  with  materials  testing  and  pavement 
and  bridge  rehabilitation  is  included.  (Copyright  (c) 
1994  National  Academy  of  Sciences.) 
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Prepared  in  cooperation  with  National  Inst,  of  Stand- 
ards and  Technology,  Gaithersburg,  MD.  Sponsored 
by  Strategic  Highway  Research  Program,  Washington, 
DC. 

Keywords:  "Binders,  "Nuclear  magnetic  resonance, 
"Magnetic  spectroscopy,  "Bituminous  concretes, 
"Highways,  Asphalt,  Molecular  diffusion,  Chemical 
properties,  Molecular  structure,  Aggregates,  Road  ma- 
terials. 

Nuclear  magnetic  resonance  (NMR)  spectroscopy  was 
used  in  solution-state  and  solid-state  experiments  on 
eight  asphalt  cements.  Using  a  variety  of  chemical  and 
solution-state  NMR  spectroscopic  techniques,  data 
were  obtained  about  the  amounts  of  aromatic  carbon 
in  an  average  molecule  of  the  asphalt  sample,  how  that 
carbon  is  arranged  in  terms  of  the  size  of  the  average 
aromatic  system  and  the  extent  of  substitution.  The  ar- 
rangement of  the  aliphatic  portion  has  also  been  de- 
scribed in  terms  of  the  average  number  of  alicyclic 
rings,  of  aliphatic  chain  length  and  extent  of  branching. 
Concentrations  of  carboxylic  acids  and  phenols  were 
measured  both  before  and  after  laboratory  oxidative 
aging.  All  these  data  show  both  surprising  similarities 
and  significant  differences  among  the  asphalts  studied. 
By  using  solid-state  NMR  spectroscopic  techniques, 
the  structure  of  asphaltic  cements  was  probed  on  a 
small-distance  scale  of  a  few  angstroms  to  30  microm- 
eters. Differences  in  molecular  mobility  were  found 
among  the  asphalts  studied.  Changes  in  molecular 
mobility  after  laboratory  oxidative  aging  were  found  to 
be  small.  The  implications  of  these  data  with  regard 
to  the  micellar  model  of  asphalt  are  discussed.  The  re- 
search results'  potential  impact  on  understanding  as- 
phalt cement  properties  is  explored.  (Copyright  (c) 
1 993  National  Academy  of  Sciences.) 
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"Earthquake  damage,  "Cyclic  loads,  Dynamic  re- 
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The  ability  to  analytically  predict  the  inelastic  dynamic 
behavior  of  reinforced  concrete  bridge  structures  dur- 
ing earthquakes  is  dependent  on  the  availability  of  ap- 
propriate hysteretic  failure  models.  To  date,  several 
such  models  have  been  implemented  in  research  com- 
puter codes.  However,  little  information  is  available 
concerning  the  selection  of  appropriate  parameters  for 
the  solution  of  specific  types  of  reinforced  concrete 
structures.  As  part  of  an  effort  to  develop  an  integrated 
seismic  design  procedure  (ISDP)  for  reinforced  con- 
crete bridge  piers,  the  National  Institute  of  Standards 
and  Technology  (NIST)  is  conducting  extensive  stud- 
ies of  hysteretic  failure  models  and  laboratory  data 
from  tests  of  bridge  columns  subjected  to  cyclic  lateral 
loading.  A  digital  database  of  load-displacement  his- 
tories has  been  established  for  circular,  spirally-rein- 
forced bridge  columns.  A  system  identification  analysis 
was  performed  to  determine  optimal  values  of  three 
hysteretic  failure  model  parameters  for  each  test  speci- 
men. Subsequent  regression  analyses  were  con- 
ducted to  develop  equations  correlating  the  hysteretic 
failure  model  parameters  to  the  material  and  geometric 
properties  of  the  specimens. 
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A.  W.  Taylor,  and  W.  C.  Stone.  1993,  10p. 
Pub.  in  Proceedings  of  Symposium  on  Practical  Solu- 
tions for  Bridge  Strengthening  and  Rehabilitation,  Des 
Moines,  IA.,  April  5-6,  1993,  p249-258. 
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Steel  jacketing  is  a  common  seismic  retrofit  strategy 
for  circular,  spirally-reinforced  concrete  bridge  piers. 
Although  jacketing  is  recognized  as  an  effective  and 
relatively  inexpensive  method  for  improving  column 
ductility,  little  guidance  is  available  for  determining  the 
required  thickness  of  the  jacket.  In  this  study  jacket 
thickness  requirements  were  investigated  using  a  time- 
step  inelastic  analysis  algorithm  which  incorporates  a 
hysteretic  failure  rule  and  a  cumulative  damage  model. 
A  variety  of  column  designs  were  subjected  to  a  range 
of  real  earthquake  acceleration  histories,  and  the  re- 
sulting damage  levels,  or  damage  indices  were  cal- 
culated. These  same  columns  were  then  re-analyzed 
with  steel  jackets  of  varying  thicknesses.  It  was  deter- 
mined that  a  relatively  thin  steel  jacket-on  the  order 
of  a  few  millimeters  in  thickness-can  dramatically  im- 
prove the  seismic  performance  of  a  column.  Guidelines 
are  presented  for  calculating  required  jacket 
thicknesses,  and  practical  considerations  regarding 
the  installation  and  performance  of  jackets  are  dis- 
cussed. 
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The  National  Institute  of  Standards  and  Technology, 
at  the  request  of  the  Federal  Highway  Administration, 
has  conducted  a  study  of  potential  applications  of  auto- 
mation and  robotics  technology  in  construction,  main- 
tenance, and  operation  of  highway  systems.  The  study 
included  a  workshop  exploring  industry  perceptions  of 
needs  and  barriers  to  adoption,  a  workshop  and  a  lit- 
erature search  to  assess  current  state  of  the  art  prac- 
tices and  trends,  and  site  visits  by  automation  experts 
to  typical  highway  worksites.  Potential  technology  op- 
portunities were  highlighted  for  short,  medium,  and 
long-term  efforts  in  a  matrix  of  intersections  between 
common  highway  jobs  and  areas  of  current  techno- 
logical thrust.  From  among  the  opportunities  identified, 
six  potential  research  areas  were  developed  as  spe- 
cific proposals,  and  subjected  to  life-cycle  cost-benefits 
analysis.  Four  were  projected  to  return  significant  sav- 
ings by  comparison  with  current  practice.  Of  these,  two 
were  identified  as  also  likely  to  return  benefits  of  signifi- 
cant impact  on  total  highway  expenditures  and  the  na- 
tional economy  due  to  their  ability  to  leverage  savings 
across  large  numbers  of  jobs  or  their  effect  on  a  large 
percentage  of  highway  traffic.  This  is  Volume  II  of  IV. 
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Washington,  DC.  Sponsored  by  Federal  Highway  Ad- 
ministration, McLean,  VA.  Office  of  Advanced  Re- 
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The  National  Institute  of  Standards  and  Technology, 
at  the  request  of  the  Federal  Highway  Administration, 
has  conducted  a  study  of  potential  applications  of  auto- 
mation and  robotics  technology  in  construction,  main- 
tenance, and  operation  of  highway  systems.  The  study 
included  a  workshop  exploring  industry  perceptions  of 
needs  and  barriers  to  adoption,  a  workshop  and  a  lit- 
erature search  to  assess  current  state  of  the  art  prac- 
tices and  trends,  and  site  visits  by  automation  experts 
to  typical  highway  worksites.  Potential  technology  op- 
portunities were  highlighted  for  short,  medium,  and 
long-term  efforts  in  a  matrix  of  intersections  between 
common  highway  jobs  and  areas  of  current  techno- 
logical thrust.  From  among  the  opportunities  identified, 
six  potential  research  areas  were  developed  as  spe- 
cific proposals,  and  subjected  to  life-cycle  cost-benefits 
analysis.  Four  were  projected  to  return  significant  sav- 
ings by  comparison  with  current  practice.  Of  these,  two 
were  identified  as  also  likely  to  return  benefits  of  signifi- 
cant impact  on  total  highway  expenditures  and  the  na- 
tional economy  due  to  their  ability  to  leverage  savings 
across  large  numbers  of  jobs  or  their  effect  on  a  large 
percentage  of  highway  traffic.  This  is  Volume  III  of  IV. 
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The  National  Institute  of  Standards  and  Technology, 
at  the  request  of  the  Federal  Highway  Administration, 
has  conducted  a  study  of  potential  applications  of  auto- 
mation and  robotics  technology  in  construction,  main- 
tenance, and  operation  of  highway  systems.  The  study 
included  a  workshop  exploring  industry  perceptions  of 
needs  and  barriers  to  adoption,  a  workshop  and  a  lit- 
erature search  to  assess  current  state  of  the  art  prac- 
tices and  trends,  and  site  visits  by  automation  experts 
to  typical  highway  worksites.  Potential  technology  op- 
portunities were  highlighted  for  short,  medium,  and 
long-term  efforts  in  a  matrix  of  intersections  between 
common  highway  jobs  and  areas  of  current  techno- 
logical thrust.  From  among  the  opportunities  identified, 
six  potential  research  areas  were  developed  as  spe- 
cific proposals,  and  subjected  to  life-cycle  cost-benefits 
analysis.  Four  were  projected  to  return  significant  sav- 
ings by  comparison  with  current  practice. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  at  the  request  of  the  Federal  Highway  Adminis- 
tration, has  conducted  a  study  of  potential  applications 
of  automation  and  robotics  technology  in  construction, 
maintenance,  and  operation  of  highway  systems.  The 


study  included  a  workshop  exploring  industry  percep- 
tions of  needs  and  barriers  to  adoption,  a  workshop 
and  a  literature  search  to  assess  current  state  of  the 
art  practices  and  trends,  and  site  visits  by  automation 
experts  to  typical  highway  worksites.  The  final  volume 
contains  the  set  of  final  research  proposals  setting  out 
specific  studies  with  proposed  deliverables,  support 
levels,  and  timetables. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  at  the  request  of  the  Federal  Highway  Adminis- 
tration, has  conducted  a  study  of  potential  applications 
of  automation  and  robotics  technology  in  construction, 
maintenance,  and  operation  of  highway  systems.  The 
study  included  a  workshop  exploring  industry  percep- 
tions of  needs  and  barriers  to  adoption,  a  workshop 
and  a  literature  search  to  assess  current  state  of  the 
art  practices  and  trends,  and  site  visits  by  automation 
experts  to  typical  highway  worksites.  The  first  volume 
of  the  report  contains  an  overview  of  the  study  and  the 
methods  employed,  a  summary  of  the  principal  results, 
several  white  papers  examining  selected  topics  of  in- 
terest, and  a  bibliographic  study. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  at  the  request  of  the  Federal  Highway  Adminis- 
tration, has  conducted  a  study  of  potential  applications 
of  automation  and  robotics  technology  in  construction, 
maintenance,  and  operation  of  highway  systems.  The 
study  included  a  workshop  exploring  industry  percep- 
tions of  needs  and  barriers  to  adoption,  a  workshop 
and  a  literature  search  to  assess  current  state  of  the 
art  practices  and  trends,  and  site  visits  by  automation 
experts  to  typical  highway  worksites.  The  third  volume 
contains  proceedings  of  workshops  organized  to  edu- 
cate the  study  panel  with  respect  to  the  highway  indus- 
try, and  with  respect  to  current  state  of  the  art. 
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The  National  Institute  of  Standards  and  Technology 
(NIST),  at  the  request  of  the  Federal  Highway  Adminis- 
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tration,  has  conducted  a  study  of  potential  applications 
of  automation  and  robotics  technology  in  construction, 
maintenance,  and  operation  of  highway  systems.  The 
study  included  a  workshop  exploring  industry  percep- 
tions of  needs  and  barriers  to  adoption,  a  workshop 
and  a  literature  search  to  assess  current  state  of  the 
art  practices  and  trends,  and  site  visits  by  automation 
experts  to  typical  highway  worksites.  The  second  vol- 
ume presents  proposals  for  particular  research  possi- 
bilities developed  by  the  study  panel,  and  a  life-cycle 
cost-benefit  analysis  of  the  proposed  research  under 
the  assumption  the  expected  technological  goals  could 
be  achieved. 
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Blasted-steel  panels  were  coated  with  two  commercial 
powder  epoxy  coatings.  Approximately  half  (80)  of  the 
coated  panels  were  scribed;  while  the  other  half  re- 
mained defect-free.  All  of  the  panels  were  immersed 
in  a  saturated  calcium  hydroxide  solution  containing 
3.5  percent  sodium  chloride  maintained  at  either  35  or 
50  deg.  C.  None  of  the  unscribed  panels  degraded 
after  3074  h  of  immersion  at  35  deg  C;  whereas,  all 
of  the  scribed  panels  degraded  within  24  h  after  immer- 
sion, regardless  of  the  immersion  solution  tempera- 
ture. Scribed  panels  degraded  in  three  ways:  (1)  an- 
odic corrosion,  (2)  Cathodic  disbondment,  and  (3)  wet- 
adhesion  loss. 


01,345 

PB96-131537       PC  A03/MF  A01 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Building  Materials  Div. 
Alkali-Silica  Reaction  and  High  Performance  Con- 
crete. 

C.  F.  Ferraris.  Aug  95,  20p,  NISTIR-5742. 
Sponsored  by  Nuclear  Regulatory  Commission,  Wash- 
ington, DC. 


Keywords:  "Alkali  aggregate  reactions,  "Silicon  diox- 
ide, "Concretes,  Air,  Cement  aggregate  reactions. 
Concrete  durability,  Standards,  Tests,  Chemical  reac- 
tions, Performance,  Construction  materials, 
ASR(Alkali-silica  reaction),  HPC(High  performance 
concrete),  National  Institute  of  Standards  and  Tech- 
nology. 

Damage  due  to  alkali-silica  reaction  (ASR)  in  concrete 
is  a  phenomenon  that  was  first  recognized  in  the  U.S. 
since  1940  and  has  since  been  observed  in  many 
countries.  Despite  numerous  studies  published,  the 
machanism  is  not  yet  clearly  understood.  Neverthe- 
less, the  three  major  factors  in  concrete  have  been 
identified,  i.e.,  the  alkalies  contained  in  the  pore  solu- 
tion, reactive  amorphous  or  poorly  crystallized  silica 
present  in  certain  aggregates,  and  water.  In  this  study, 
we  attempted  to  address  the  question  of  whether  high- 
performance  concrete  (HPC)  is  susceptible  to  ASR.  It 
was  found  that  air  content  is  the  most  important  vari- 
able (other  than  the  three  majors  factors  cited  above) 
that  increase  expansion  of  concretes  affected  by  ASR. 
This  study  seems  to  indicate  that  even  HPC  is  suscep- 
tible to  ASR  if  reactive  aggregates  are  used. 
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Limitations  of  present  procedures  for  the  design  of 
bridge  columns  to  withstand  seismic  loads  are  dis- 
cussed. Techniques  for  achieving  the  earthquake  re- 
sistant capabilities  are  described  and  new  design  cri- 
teria, based  on  acceptable  damage  indices  as  func- 
tions of  earthquake  magnitude,  distance,  and  structural 
importance,  are  proposed.  Using  the  proposed  proce- 
dure and  criteria  the  performance  of  72  representative 
bridge  columns  designed  in  accordance  with  1992 
CALTRANS  specifications  is  analyzed.  Analysis  pa- 
rameters included  earthquake  magnitude,  distance 
from  epicenter,  subsurface  soil  characteristics,  column 
aspect  ratio,  and  normalized  column  axial  load.  Design 
charts,  based  on  allowable  damage  index  versus 
earthquake  magnitude,  are  developed  and  retrofit 
strategies  are  discussed  for  those  designs  which  do 
not  meet  the  proposed  design  criteria. 
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The  Building  and  Fire  Research  laboratory  of  the  Na- 
tional Institute  of  Standards  and  Technology  has  devel- 
oped guidelines  for  testing  and  evaluation  of  seismic 
isolation  systems.  Included  in  the  report  are  com- 
prehensive guidelines  for  conducting  pre-qualification, 
prototype  and  quality  control  tests  of  the  isolation  sys- 
tem. The  guidelines  are  independent  of  the  type  of  iso- 
lation system  and  application.  Thus,  they  can  be  used 
to  test  elastomeric,  sliding  or  hybrid  isolation  systems, 
for  applications  that  involve  buildings,  bridges,  facilities 
and  other  special  structures.  The  guidelines  include 
general  requirements  of  the  test  facilities  and  other 
special  structures.  The  guidelines  include  general  re- 
quirements of  the  test  facility,  instrumentation,  calibra- 
tion, data  acquisition,  data  analysis  and  reporting  of  re- 
sults. All  tests  are  presented  in  a  standard  format  that 
includes  test  designation,  purpose,  sequence,  proce- 
dure, performance  criteria,  special  requirements  and 
exceptions. 
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Adhesion,  Concrete  durability,  Pavement  bases,  Strip- 
ping. 

The  objective  of  the  study  was  to  develop  a  non- 
destructive spectroscopic  method  for  measuring  water 
stripping  resistance  of  asphalt/siliceous  aggregates  ex- 
posed to  water.  Phase  1  of  the  study  developed  a  tech- 
nique based  on  Fourier  transform  infrared  spectros- 
copy/multiple  reflection  mode  to  quantify  water  layer  at 
the  asphalt-siliceous  aggregate  interface.  In  Phase  2, 
a  technique  to  measure  adhesion  loss  of  the  asphalt- 
aggregate  system  exposed  to  water  environment  was 
developed.  Phase  3  correlated  the  quantity  of 
interfacial  water  layer  with  the  adhesion  loss  data.  In 
addition,  results  on  the  use  of  spectroscopic  technique 
to  evaluate  the  effectiveness  of  asphalt  antistripping 
agents  are  presented.  Based  on  interfacial  water 
inforamtion,  mechanisms  of  stripping  asphalt  from  sili- 
ceous aggregates  and  of  transport  of  water  from  the 
environment  to  asphalt-aggregate  interface  are  pre- 
sented. 
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National  Inst,  of  Standards  and  Technology  (BFRL), 
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Economics  of  New-Technology  Materials:  A  Case 

Study  of  FRP  Bridge  Decking. 

Final  rept. 

M.  A.  Ehlen,  and  H.  E.  Marshall.  Jul  96,  76p, 
NISTIR-5864. 

Keywords:  "Bridge  decks,  "Cost  analysis,  "Composite 
materials,  Life  cycle  costs,  Highway  bridges,  Economic 
analysis,  Technology  innovation,  Construction  mate- 
rials, Advanced  materials,  FRP(Fiber  reinforced  poly- 
mers). 

The  purpose  of  this  report  is  to  provide  a  general  meth- 
od for  evaluating  the  life-cycle  cost  effectiveness  of 
new-technology  materials  in  relation  to  conventional 
materials.  The  methods  provides  users  with  a  tool  that 
helps  them  choose  that  material  among  competing  al- 
ternative materials  that  performs  the  required  function 
at  minimum  life-cycle  cost.  To  illustrate  an  application 
of  the  economic  method,  the  authors  prepare  a  case 
study  of  highway  bridge  decks.  The  authors  evaluate 
the  use  of  FRP  (Fiber  reinforced  polymers)  materials 
as  an  alternative  to  conventionally  used  concrete.  The 
rapidly  increasing  research  on  FRPs  suggest  that  it  will 
be  a  major  construction  material  in  the  future.  The  au- 
thors choose  sbridge  decks  for  two  reasons:  first,  this 
application  of  FRPs  appears  technically  promising,  and 
second,  there  is  a  large  number  of  bridges  in  the  Unit- 
ed States  that  will  need  to  be  replaced  in  the  next  10- 
15  years,  suggesting  that  there  will  be  considerable  in- 
terest in  a  case  study  of  this  application. 
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Ground  Improvement  Techniques  for  Liquefaction 

Remediation  Near  Existing  Lifelines. 

R.  D.  Andrus,  and  R.  M.  Chung.  Oct  95,  89p, 

NISTIR-5714. 

Keywords:  "Liquefaction,  "Soil  stabilization, 
"Earthquake  resistance,  Grouting,  Soil  dynamics,  Mix- 
ing, Drainage,  Conduits,  Pipelines,  Buildings,  Storage 
tanks,  Bridges(Structures),  Dams,  Soil  structure  inter- 
actions, Deformation,  Earth  movements,  Ground  mo- 
tion, Displacement,  Ground  subsidence,  Seismic  ef- 
fects. Soil  mechanics,  Earthquake  engineering,  Cost 
estimates,  "Lifeline  systems. 

This  report  reviews  five  low  vibration  ground  improve- 
ment techniques  suitable  for  remedial  work  near  exist- 
ing structures.  The  five  techniques  are:  compaction 
grouting,  permeation  grouting,  jet  grouting,  in  situ  soil 
mixing,  and  drain  pile.  The  factors  which  can  influence 
the  effectiveness  of  each  technique  are  identified.  Cost 
estimates  are  given  for  each  technique,  except  the 
drain  pile  technique  which  is  not  yet  available  in  the 
United  States.  Nineteen  case  studies  of  liquefaction  re- 
mediation and  remedial  work  near  existing  lifelines  are 
reviewed.  Advantages  and  constraints  of  the  five  tech- 
niques are  compared.  A  combination  of  techniques 
may  provide  the  most  cost-effective  ground  improve- 
ment solution  for  preventing  damage  to  existing  life- 
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lines  resulting  from  liquefaction-induced  horizontal 
ground  displacement,  subsidence,  and  uplift. 
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Colorado  School  of  Mines,  Golden.  Div.  of  Engineer- 
ing. 

Estimation  of  System  Damping  at  the  Lotung  Site 
by  Application  of  System  Identification. 

S.  D.  Glaser,  and  A.  L.  Leeds.  Aug  96,  197p,  NIST7 
GCR-96/700. 

Contract  NIST-60NANB5D0074 
See  also  PB96-1 65972.  Sponsored  by  National  Inst, 
of  Standards  and  Technology  (BFRL),  Gaithersburg, 
MD.  and  National  Science  Foundation,  Arlington,  VA. 

Keywords:  'Nuclear  power  plants,  "Soil  mechanics, 
"Excitation,  "Seismic  waves,  Soil  structure  inter- 
actions, Earthquake  resistant  structures,  Liquefaction, 
Displacement,  Structure  response,  Vibration  damping, 
Stiffness,  Earthquake  magnitude,  Seismic  effects, 
Earthquakes,  Ground  motion,  Soil  profiles,  Site  char- 
acterization, Nonlinearity,  Earthquake  engineering, 
Graphs(Charts),  Lotung(Taiwan),  System  identifica- 
tion. 

This  report  presents  detailed  system  identification  (SI) 
analyses  of  the  full  suite  of  seismic  events  at  the 
Lotung  site.  Estimates  of  resonant  frequencies  and 
damping,  and  the  dependence  of  these  quantities  on 
earthquake  intensity  is  presented.  The  Lotung  site  is 
introduced  in  Chapter  2  through  geological,  seis- 
mological,  and  geotechnical  descriptions.  The  SI 
precedures  are  discussed  in  detail  in  Chapter  3.  Chap- 
ter 4  presents  results  of  the  system  identification  of  the 
Lotung  site  data,  with  a  discussion  and  conclusions 
given  in  Chapter  5.  Appendix  A  describes  the  signal 
processing  used  on  the  raw  data,  with  the  integration 
procedure  given  in  Appendix  B.  The  pore  water  pres- 
sure time  histories  are  shown  in  Appendix  C.  A  lit- 
erature review  of  damping  values  measured  by  other 
researchers  is  compiled  in  Appendix  D.  Finally,  com- 
parisons of  actual  interval  outputs  and  modeled  out- 
puts for  all  events  and  intervals  is  given  in  Appendix 
E. 
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National  Inst,  of  Standards  and  Technology  (CSTL), 
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Analysis  of  Droplet  Arrival  Statistics  in  a  Pressure- 
Atomized  Spray  Flame. 
Final  rept. 

J.  T.  Hodges,  C.  Presser,  A.  K.  Gupta,  and  C.  T. 
Avedisian.  1994,  9p. 

Pub.  in  International  Symposium  on  Combustion 
(25th),  Irvine,  CA.,  July  31 -August  5,  1994,  p353-361. 

Keywords:  "Combustion,  "Fuel  sprays,  "Drops,  Flow 
visualization,  Image  analysis,  Flames,  Kerosene,  Re- 
prints. 

The  statistical  behavior  of  droplets  in  a  kerosene  pres- 
sure-atomized spray  was  investigated  under  swirling 
and  burning  conditions.  This  case  was  studied  in  order 
to  better  understand  individual  droplet  transport  proc- 
esses downstream  of  the  fuel  spray  flame.  A  two-com- 
ponent phase-Doppler  particle  sizing  system  was  em- 
ployed to  provide  information  on  the  droplet  size  and 
velocity  distributions  as  well  as  interarrival-time  statis- 
tics. Time-resolved  information  is  presented  on  the  in- 
stantaneous values  of  diameter,  and  the  respective 
axial  and  radial  velocity  components.  The  results  pro- 
vide some  evidence  of  nonsteady  interarrival-time  sta- 
tistics (associated  with  droplet  clustering)  immediately 
downstream  of  the  fuel  nozzle  and  at  radial  coordi- 
nates nearthe  centerof  the  spray.  The  unsteady  statis- 


tical behavior  was  most  prominent  within  the  shear 
layer  formed  near  the  inner  spray  boundary.  Decompo- 
sition of  the  results  into  size  classes  indicated  that  clus- 
tering (attributed  to  entrainment  by  recirculating  gases) 
occurred  only  for  the  smallest  droplets,  0-20  microm- 
eters in  diameter.  For  larger  droplets,  analysis  on  the 
random  nature  of  the  spray  process  revealed  that  drop- 
let transport  generally  follows  steady  Poisson  statis- 
tics. Furthermore,  the  information  provided  here  shows 
that  size-class  decomposition  is  important  in  the  analy- 
sis of  spray  behavior. 
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Gordon  Research  Conference  on  the  Physics  and 
Chemistry  of  Laser  Diagnostics  in  Combustion 
Held  in  Plymouth,  New  Hampshire  on  12-16  July 
1993. 

Final  rept. 

K.  C.  Smyth.  16  Jul  93,  24p. 

Keywords:  "Combustion,  Diagnostic  equipment,  Laser 
applications,  Symposia,  Quantitative  analysis.  Phase 
studies,  Multiphase  flow,  Flow  fields,  Laser 
diagnostics,  In  situ  analysis,  Spectroscopy. 

The  1993  Gordon  Research  Conference  on  the  Phys- 
ics and  Chemistry  of  Laser  Diagnostics  in  Combustion 
was  held  at  Plymouth  State  College  (South)  in  Plym- 
outh, New  Hampshire,  July  12-16,  1993.  This  con- 
ference is  primarily  concerned  with  the  fundamental 
physics  and  chemistry  underlying  the  wide  variety  of 
laser-based  optical  spectroscopic  diagnostic  tech- 
niques which  are  used  for  studying  combustion  proc- 
esses. The  focus  is  on  in-situ  and  nonperturbing  optical 
methods  for  one-,  two-,  and  three-dimensional  meas- 
urements of  species  concentrations,  temperature,  and 
velocity.  The  development  of  such  quantitative  meth- 
ods using  linear  and  nonlinear  optical  interactions  en- 
compasses a  broad  scope  of  interdisciplinary  research 
including  basic  and  applied  physics  and  chemistry. 
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National  Inst,  of  Standards  and  Technology, 
Gaithersburg,  MD. 

Combustion  of  a  Polymer  (PMMA)  Sphere  in  Micro- 
gravity. 

J.  C.  Yang,  and  A.  Hamins.  Aug  95,  6p. 
In  NASA.  Lewis  Research  Center,  the  3RD  Inter- 
national Microgravity  Combustion  Workshop  p  115- 
120. 

Keywords:  "Aerospace  vehicles,  "Combustion,  "Liquid 
fuels,  "Reduced  gravity,  "Polymers,  "Polymethyl  meth- 
acrylate,  "Propulsion,  Aerospace  safety,  Burning  rate, 
Chemical  reactions,  Flammability,  Gravitational  ef- 
fects, "Microgravity. 

Polymer  combustion  is  a  highly  complicated  process 
where  chemical  reactions  may  occur  not  only  in  the 
gas  phase,  but  also  in  the  condensed  phase  as  well 
as  at  the  solid-gas  interphase.  The  chemistry  depends 
strongly  on  the  coupling  between  the  condensed 
phase  and  gas  phase  phenomena.  For  some  poly- 
mers, additional  complications  arise  due  to  the  forma- 
tion of  char  layers.  For  others,  the  behavior  of  the  con- 
densed phase  involves  swelling,  bubbling,  melting, 
sputtering,  and  multi-stage  combustion.  Some  of  these 
features  bear  resemblance  to  the  phenomena  ob- 
served in  coal  particle  combustion.  In  addition  to  its  rel- 
evance to  spacecraft  fire  safety,  the  combustion  of  pol- 
ymeric materials  is  related  to  many  applications  includ- 
ing solid  and  hybrid  rocket  propulsion,  and  of  recent 
interest,  waste  incineration  .  The  burning  rate  is  one 
of  the  most  important  parameters  used  to  characterize 
the  combustion  of  polymers.  It  has  been  used  to  rank 
the  polymer  flammability  under  the  same  experimental 
conditions  and  to  evaluate  various  modes  of  inhibiting 
polymer  flammability.  The  main  objective  of  this  work 
is  to  measure  the  burning  rates  of  a  polymeric  material 
in  low  gravity.  Because  of  inherent  logistical  difficulties 
involved  in  microgravity  experiments,  it  is  impossible 
to  examine  a  wide  spectrum  of  polymeric  materials.  It 
is  desirable  to  investigate  a  polymer  whose  combus- 
tion is  less  complicated,  and  yet  will  lead  to  a  better 


understanding  of  the  burning  characteristics  of  other 
more  complicated  materials.  Therefore,  a  typical  non- 
charring  polymer  is  selected  for  use  in  this  experi- 
mental study.  PMMA  (polymethylmethacrylate)  has 
been  chosen  because  its  thermo-physical  properties 
are  well  characterized.  Although  the  combustion  of 
PMMA  has  been  extensively  studied  in  1G  experi- 
ments, only  a  limited  amount  of  work  has  been  con- 
ducted in  low  gravity.  A  spherical  sample  geometry  is 
chosen  in  this  study  because  it  is  the  simplest  configu- 
ration in  terms  of  the  microgravity  hardware  design  re- 
quirements. Furthermore,  a  burning  PMMA  sphere  in 
microgravity  represents  a  one-dimensional  flame  with 
overall  combustion  characteristics  expected  to  be  anal- 
ogous to  the  combustion  of  a  liquid  fuel  droplet,  a  field 
with  many  well-developed  theories  and  models.  How- 
ever, differences  can  also  be  expected  such  as  the 
flame-front  standoff  ratios  and  the  condensed  phase 
processes  occurring  during  combustion. 
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Gaithersburg,  MD. 

In  situ  Burning  of  Oil  Spills:  Mesoscale  Experi- 
ments. 

W.  D.  Walton.  Nov  93,  63p,  NISTIR-5266. 
See  also  PB94-101839.  Sponsored  by  Minerals  Man- 
agement Service,  Herndon,  VA.  Technology  Assess- 
ment and  Research  Branch. 

Keywords:  "Oil  spills,  "In-situ  combustion,  "Fire  tests, 
Crude  oil,  Burning  rate,  Plumes,  Smoke,  Particulates, 
Water  pollution  control,  Mitigation,  Oil-water  interfaces, 
Mesoscale  tests. 

In  1991  a  series  of  14  mesoscale  fire  experiments  were 
performed  to  measure  the  burning  characteristics  of 
crude  oil  on  salt  water.  These  oil  bums  in  a  pan  ranged 
in  size  from  6  m  square  to  15  m  square.  Results  of 
the  measurements  for  burning  rate,  oil  temperature, 
water  temperature,  smoke  particle  size  distribution, 
smoke  plume  trajectory,  and  smoke  particulate  yield 
are  provided.  The  burning  rate  as  indicated  by  the  re- 
pression rate  of  the  oil  surface  was  found  to  be  0.055 
(+  or  -)  0.005  mm/s  and  smoke  particulate  yields  were 
found  to  be  approximately  0.13  of  the  oil  burned  on 
a  mass  basis. 
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Concurrent  Flow  Flame  Spread  Study. 

H.  T.  Loh.  Mar  92,  161p,  NIST/GCR-92/603. 
Grant  NIST-NANB7D737 

See  also  N93-24946.  Sponsored  by  National  Inst,  of 
Standards  and  Technology  (BFRL),  Gaithersburg,  MD. 

Keywords:  "Flame  propagation,  "Gas  flow,  Combus- 
tion, Temperature  distribution,  Reaction  kinetics,  Pyrol- 
ysis,  Mathematical  models,  Boundary  layer,  Computer 
programs,  Diffusion  flames,  Computational  fluid  dy- 
namics. 

An  experimental  study  has  been  performed  of  the 
spread  of  flames  over  the  surface  of  thick  PMMA  and 
thin  filter  paper  sheets  in  a  forced  gaseous  flow  of  var- 
ied oxygen  concentration  moving  in  the  direction  of 
flame  spread.  It  is  found  that  the  rate  of  spread  of  the 
PMMA  pyrolysis  front  is  time  independent,  linearly  de- 
pendent on  the  gas  flow  velocity  and  approximately 
square  power  dependent  on  the  oxygen  concentration 
of  the  gas.  The  experimental  data  with  thin  filter  paper 
sheets  shows  that  the  flame  spread  rate  is  independ- 
ent of  the  flow  velocity  for  forced  flow  conditions  and 
linearly  dependent  on  the  oxygen  concentration  of  the 
flow.  In  both  experiments,  it  was  found  that  the  flame 
spread  rate  data  can  be  correlated  in  terms  of  param- 
eters deduced  from  heat  transfer  considerations  only. 
This  indicates  that  heat  transfer  from  the  flame  to  the 
condensed  fuel  is  the  primary  mechanism  controlling 
the  spread  of  flame.  Finite  rate  chemical  kinetic  effects 
have  apparently  a  small  influence  on  the  flame  spread 
process  itself.  Analytical  and  numerical  methods  were 
also  employed  to  study  theoretically  the  flame  spread 
process  over  thermally  thick  fuel  and  in  the  influence 
on  the  flow  field  behavior  in  the  presence  of  a  flame. 
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Numerical  Analysis  Support  for  Compartment  Fire 
Modeling  and  Incorporation  of  Heat  Conduction 
into  a  Zone  Fire  Model. 

Final  rept.  15  Aug  88-31  Mar  91. 

W.  F.  Moss.  Mar  92,  51  p,  NIST/GCR-92/605. 

Grant  NANB-8D0857 

See  also  PB90-250192  and  PB92-1 72790.  Sponsored 
by  National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD. 

Keywords:  'Mathematical  models,  'Conduction,  "Heat 
transmission,  "Fires,  Numerical  analysis,  Prototypes, 
Temperatures,  Fortran,  Floors,  Walls,  Ceilings,  Dif- 
ferential equations,  Zone  fire  model. 

The  research  goal  for  the  first  year  of  the  grant  was 
to  determine  the  best  available  numerical  technology 
for  use  in  zone  fire  modeling.  The  goal  for  the  second 
year  was  to  incorporate  heat  conduction  into  a  zone 
fire  model  in  a  numerically  robust  and  efficient  manner. 
Three  prototype  zone  fire  models  named  MCCFM, 
CONRAD1  and  CONRAD2  were  constructed  to  test 
the  numerical  technology  used  to  realize  these  goals. 
These  zone  fire  models  and  their  implementations  as 
Fortran  codes  are  presented.  The  code  MCCFM,  de- 
veloped during  the  first  year  of  the  grant,  demonstrates 
the  advantages  of  using  mass  as  a  solution  variable 
instead  of  density.  CONRAD1  and  CONRAD2  exam- 
ine two  strategies  for  coupling  the  heat  conduction 
equation  (a  one  dimensional  partial  differential  equa- 
tion) with  the  zone  fire  modeling  ordinary  differential 
equations.  CONRAD2  reduces  the  heat  conduction 
problem  to  a  set  of  implicitly  defined  functional  equa- 
tions, a  strategy  never  before  used  in  zone  fire  model- 
ing. 


01,358 

PB94-164019       PC  A05/MF  A01 

National  Inst,  of  Standards  and  Technology  (BFRL), 
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Fire  Data  Management  System,  FDMS  2.0,  Tech- 
nical Documentation. 

Technical  note. 

R.  W.  Portier.  Feb  94,  86p,  NISTTN-1407. 

Also  available  from  Supt.  of  Docs. as  SN003-003- 

03251-4.  See  also  PB93-182038. 

Keywords:  "Data  bases,  "User  manuals,  "Management 
information  systems,  "Fire  tests,  Information  retrieval, 
Information  systems,  Data  management,  Systems  en- 
gineering, Data  storage  systems,  Data  processing, 
"FDMS  Computer  data  base,  "Fire  Data  Management 
System. 

Fire  Data  Management  System,  FDMS,  is  a  computer 
database  specifically  designed  to  store  and  retrieve  fire 
test  results.  A  version,  FDMS  1.0,  of  the  database  is 
currently  available.  This  guide  provides  detailed  de- 
scriptions of  the  physical  file  implementations  planned 
for  the  next  generation  of  the  database,  FDMS  2.0. 
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Experimental  and  Numerical  Studies  on  Two-Di- 
mensional Gravity  Currents  in  a  Horizontal  Chan- 
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W.  R.  Chan,  E.  E.  Zukoski,  and  T.  Kubota.  Jul  93, 
264p,  NIST/GCR-93/630. 
Grant  NIST-NANB9D0958 

Sponsored  by  National  Inst,  of  Standards  and  Tech- 
nology (NEL),  Gaithersburg,  MD.  Center  for  Fire  Re- 
search. 

Keywords:  "Fire  tests,  "Computational  fluid  dynamics, 
Smoke,  Channel  flow,  Currents. 

The  objective  of  this  investigation  is  to  examine  the  be- 
havior of  two-dimensional  gravity  currents,  especially 
as  applied  to  the  spreading  of  smoke,  generated  from 
a  room  fire,  along  a  long  corridor.  Both  experimental 
and  numerical  techniques  were  used  to  provide  a 
model  that  can  adequately  explain  and  predict  the  be- 
havior of  a  gravity  current  under  certain  boundary  con- 
ditions. A  series  of  experiments  was  carried  out  to 
study  the  effects  of  Reynolds  number  on  gravity  cur- 
rents in  a  horizontal  water  channel.  Measurements  of 
the  time  varying  front  position,  velocity  profile  of  the 
following  current,  and  the  depth  of  a  gravity  current 
were  made  using  either  dyed  liquids  or  hydrogen  bub- 
ble technique.  Quantitative  results  were  shown  to 
agree  with  previously  published  results. 
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Two  aspects  of  unwanted  fires  were  considered:  (1) 
the  optical  properties  of  soot  in  the  fuel-lean  region  of 
buoyant  turbulent  diffusion  flames,  and  (2)  the  struc- 
ture and  mixing  properties  of  buoyant  turbulent 
plumes.  The  scattering,  absorption  and  extinction 
properties  of  soot  were  measured  for  conditions  where 
soot  structure  was  known  from  earlier  transmission 
electron  microscopy  measurements.  The  plume  study 
involved  laser-induced  iodine  fluorescence  measure- 
ments of  mean  and  fluctuating  mixture  fractions.  The 
results  indicated  that  past  measurements  of  plume 
properties  represent  transitional  plumes  and  that  self- 
preserving  turbulent  plumes  are  somewhat  narrower, 
with  higher  levels  of  mean  and  fluctuating  mixture  frac- 
tions near  the  axis. 
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Planar  images  of  laser-induced  fluorescence  from  OH 
radicals  and  elastic  scattering  from  soot  particles  are 
presented  in  time-varying,  laminar  CH4/air  diffusion 
flames  burning  in  a  co-flowing,  axisymmetric  configura- 
tion at  atmospheric  pressure.  Acoustic  forcing  is  used 
to  phase  lock  the  periodic  flame  flicker  to  the  pulsed 
laser  system  operating  at  10.13  Hz.  For  conditions 
where  the  tip  of  the  flame  is  clipped,  the  intensity  of 
the  light  scattered  by  the  soot  particles  increases  dra- 
matically (by  more  than  a  factor  of  7  for  the  maximum 
signals  at  a  point)  compared  to  a  steady-state,  laminar 
flame  with  the  same  mean  fuel  flow  velocity.  Compari- 
son of  the  scattering  signals  integrated  along  the  flame 
radius  is  carried  out  in  the  steady-state  and  time-vary- 
ing flames  as  a  function  of  height  above  the  burner. 
Time-varying  flames  exhibit  a  larger  range  of  combus- 
tion conditions  than  observed  in  corresponding  steady- 
state  flames,  including  different  residence  times,  tem- 
perature histories,  local  stoichiometries,  and  strain  and 
scalar  dissipation  rates.  Thus,  their  investigation  prom- 
ises to  yield  new  insights  into  a  wide  variety  of  chem- 
istry-flowfield  interactions  which  are  prominent  in  tur- 
bulent combustion. 


01,362 

PB94-185113       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSTL), 

Gaithersburg,  MD.  Process  Measurements  Div. 

Fluorinated    Hydrocarbon    Flame  Suppression 

Chemistry. 

Final  rept. 

D.  Burgess,  W.  Tsang,  M.  R.  Zachariah,  and  P.  R. 
Westmoreland.  1994,  6p. 

Preprints  of  papers  presented  at  the  American  Chemi- 
cal Society  National  Meeting  (207th),  San  Diego,  CA., 
March  13-17,  1994,  p141-146. 

Keywords:  "Combustion  kinetics,  "Thermochemistry, 
"Fluorohydrocarbons,  "Fire  suppression,  "Flames, 
Combustion  chemistry,  Fuels,  Transport  properties, 
Combustion  efficiency,  Inhibitors,  Reprints,  "Chemical 
reaction  mechanisms,  Ab  initio  molecular  orbital  the- 
ory. 

A  comprehensive,  detailed  chemical  kinetic  mecha- 
nism was  developed  for  fluorinated  hydrocarbon  de- 
struction and  flame  suppression.  Existing  fluorinated 
hydrocarbon  thermochemistry  and  kinetics  were  com- 
piled and  evaluated.  For  species  where  no  or  incom- 
plete thermochemistry  was  available,  these  data  were 
calculated  through  application  of  ab  initio  molecular  or- 
bital theory.  Group  additivity  values  were  determined 


consistent  with  experimental  and  ab  initio  data.  For  re- 
actions where  no  or  limited  kinetics  was  available, 
these  data  were  estimated  by  analogy  to  hydrocarbon 
reactions,  by  using  empirical  relationships  from  other 
fluorinated  hydrocarbon  reactions,  by  ab  initio  transi- 
tion state  calculations,  and  by  application  of  RRKM  and 
QRRK  methods.  The  chemistry  was  modeled  consid- 
ering different  transport  conditions  (plug  flow,  premixed 
flame,  opposed  flow  diffusion  flame)  and  using  dif- 
ferent fuels  (methane,  ethylene),  equivalence  ratios, 
agents  (fluoromethanes,  fluoroethanes)  and  agent 
concentrations.  An  overview  of  this  work  is  presented. 
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This  article  provides  an  introduction  to  succeeding 
chapters  on  fire  retardants  in  the  'Encyclopedia  of 
Chemical  Technology.'  The  text  describes  why  fire 
retardants  are  useful,  general  mechanisms  for  their  ef- 
fectiveness, how  the  performance  of  polymer/retardant 
composites  is  measured,  a  snapshot  of  the  market  for 
these  chemicals,  and  forces  that  might  change  that 
market. 
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Models  of  detailed  flame  chemistry  and  soot  formation 
are  based  upon  experimental  results  obtained  in 
steady,  laminar  flames.  For  successful  application  of 
these  descriptions  to  turbulent  combustion,  it  is  instruc- 
tive to  test  predictions  against  measurements  in  time- 
varying  flowfields.  This  paper  reports  the  use  of  optical 
methods  to  examine  soot  production  and  oxidation 
processes  in  a  co-flowing,  axisymmetric  CH4/air  diffu- 
sion flame  in  which  the  fuel  flow  rate  is  acoustically 
forced  to  create  a  time-varying  flowfield.  For  a  particu- 
lar forcing  condition  in  which  tip  clipping  occurs  (0.75 
V  loudspeaker  excitation),  elastic  scattering  of  verti- 
cally polarized  light  from  the  soot  particles  increases 
by  nearly  an  order  of  magnitude  with  respect  to  that 
observed  for  a  steady  flame  with  the  same  mean  fuel 
flow  rate.  The  visible  flame  luminosity  and  laser-in- 
duced fluorescence  attributed  to  polycyclic  aromatic 
hydrocarbons  (PAH)  are  also  enhanced.  Peak  soot 
volume  fractions,  as  measured  by  time-resolved  laser 
extinction/tomography  at  632.8  and  454.5  nm  and  cali- 
brated laser-induced  incandescence  (Lll),  show  a  fac- 
tor of  4-5  enhancement  in  this  flickering  flame.  The  Lll 
method  is  found  to  track  the  soot  volume  fraction  close- 
ly and  to  give  better  signal-to-noise  than  the  extinction 
measurements  in  both  the  steady  and  time-varying 
flowfields.  A  Mie  analysis  suggests  that  most  of  the  en- 
hanced soot  production  results  from  the  formation  of 
larger  particles  in  the  time-varying  flowfield. 
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A  research  program  is  being  conducted  to  study  the 
mechanisms  controlling  the  spread  of  flames  in  an  oxi- 
dizing gas  flow  moving  in  the  direction  of  flame  propa- 
gation. During  this  reporting  period  research  has  been 
conducted  to  study  the  effect  of  the  oxidizer  flow  char- 
acteristics on  the  concurrent  flame  spread  over  thick 
PMMA  sheets.  The  parameters  varied  in  the  experi- 
ments are  the  oxidizer  flow  velocity,  turbulence  inten- 
sity and  oxygen  concentration,  and  the  geometrical  ori- 
entation (floor  and  ceiling).  Their  effect  on  the  flame 
spread  process  is  studied  by  measuring  the  rate  of 
flame  spread,  flame  length,  surface  heat  flux,  products 
of  combustion  and  soot.  The  results  of  the  experiments 
show  that  the  combined  effect  of  flow  velocity,  turbu- 
lence intensity,  and  oxygen  concentration  has  a  com- 
plex influence  on  the  flame  spread  process.  At  low  flow 
velocity,  the  flame  spread  rate  increases  monotonically 
with  turbulence  intensity.  At  high  flow  velocity,  how- 
ever, the  flame  spread  rate  increases  with  flow  turbu- 
lence at  low  turbulence  intensities,  but  it  decreases  at 
high  turbulence  intensity  values.  The  effect  is  more 
pronounced  at  high  oxygen  concentration.  These 
trends  appear  to  be  due  to  a  strong  influence  of  the 
turbulence  intensity  on  the  flame  temperature  and 
length,  and  on  that  heat  flux  from  the  flame  to  the  solid 
fuel.  Turbulence  enhances  mixing,  which  increases  the 
flame  temperature  and  then  the  heat  flux. 
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The  purpose  of  this  project  was  to  develop  a  fun- 
damental physical  understanding  of  backdraft  phe- 
nomena. The  research  was  divided  into  three  phases: 
exploratory  simulations,  gravity  current  modeling,  and 
quantitative  backdraft  experiments.  The  primary  goal 
of  the  first  phase  was  to  safely  simulate  a  backdraft 
in  the  laboratory.  A  half-residential-scale  compartment 
was  built  to  conduct  exploratory  experiments.  The  ini- 
tial experiments  concluded  with  a  scenario  describing 
the  fundamental  physics  of  backdrafts.  The  importance 
of  the  gravity  current  which  enters  the  compartment 
after  opening  was  identified.  In  the  second  phase,  the 
gravity  current  speed  and  the  extent  of  its  mixed  region 
was  investigated  in  a  series  of  scaled  salt  water  experi- 
ments. The  scaled  compartment  (0.3m  x  0.15m  x 
0.15m)  was  fitted  with  a  variety  of  end  openings;  full, 
slot,  door,  and  window.  Video  and  photo  data  indicate 
that  the  mixing  layer  which  rides  on  the  gravity  current 
in  the  full  opening  case,  expands  to  occupy  nearly  the 
entire  current  in  the  partial  opening  cases.  The  Froude 
number  and  nondimensional  head  height  are  inde- 
pendent of  beta  and  are  in  good  agreement  with  nu- 
merical simulations  and  special  limits  from  the  lit- 
erature. In  the  final  phase,  28  backdraft  experiments 
were  conducted  in  a  1.2m  by  1.2m  by  2.4m  compart- 
ment. (Copyright  (c)  1993  Charles  Martin 
Fleischmann.) 
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Ignition  and  burning  rate  data  have  been  developed  for 
thick  (25  mm.)  black  Polycast  PMMA  in  a  Cone  Calo- 


rimeter heating  assembly.  The  objective  was  to  estab- 
lish a  testing  protocol  that  would  lead  to  the  prediction 
of  ignition  and  burning  rate  from  Cone  data.  This  has 
been  done  for  a  thermoplastic  like  PMMA.  For  black 
PMMA  we  measured  ignition  temperatures  of  250  to 
350  C  and  vaporization  temperatures  of  approximately 
325  to  380  C  over  irradiance  levels  of  15  to  60  kw/ 
sq  m.  The  incident  flame  heat  flux,  for  irradiation  levels 
of  0  to  75  kW/sq  m,  was  found  to  be  approximately 
37  kW/sq  m  for  black  PMMA.  Its  constancy  has  been 
shown  due  to  the  geometry  of  the  Cone  flame.  Also, 
this  flame  can  be  shown  to  be  nearly  transparent  for 
Cone  irradiance  (greater  than  90  percent).  The  heat 
of  gasification  of  the  black  PMMA  used  was  found  to 
be  approximately  2.8  kJ/g;  higher  than  other  values  re- 
ported for  PMMA.  This  is  believed  to  be  due  to  dif- 
ferences in  molecular  structure  or  pigmentation  effects 
and  the  types  of  PMMA  tested.  A  burning  rate  model 
was  demonstrated  to  yield  good  accuracy  (greater  than 
80  percent)  in  comparison  to  measured  transient  val- 
ues. 
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The  focus  of  this  study  was  the  behavior  of  thick  char- 
ring solids  in  fire  situations.  Clearly  one  of  the  most 
important  parameters  governing  the  fire  phenomenon 
is  the  rate  of  release  of  combustible  volatiles  into  the 
gas  phase,  in  which  they  actually  burn.  Over  the  years, 
fire  researchers  have  learned  how  to  model  the  proc- 
esses in  the  gas  phase,  so  that  the  rate  of  heat  feed- 
back to  the  solid  surface  can  be  reasonably  well  pre- 
dicted. Likewise,  there  exists  the  ability  to  model  the 
heat  transfer  processes  at  the  solid  surface  and  within 
the  solid  itself.  This  study  was  concerned  with  the  pos- 
sibility that  the  inability  to  come  to  complete  closure 
on  the  charring  polymer  fire  problem  might  derive  from 
difficulties  in  applying  laboratory  scale  kinetics  to  ac- 
tual fire  conditions.  Specifically,  we  were  concerned 
about  how  well  small  scale  laboratory  experiments 
used  to  derive  the  kinetics  of  pyrolysis  could  be  used 
to  predict  the  behavior  of  charring  solids  in  fire  situa- 
tions. 
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The  latest  techniques  which  have  been  developed  for 
the  measurement  of  heat,  smoke,  and  toxic  gas  emis- 
sions from  fires  are  reviewed.  The  current  objective  of 
minimizing  apparatus  dependence  of  the  data  is  em- 
phasized. Forms  of  data  and  their  units  are  outlined. 
Differences  between  data  obtained  in  large-scale  and 
in  bench-scale  tests  are  discussed,  and  areas  where 
further  research  is  needed  are  indicated. 
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During  the  last  decade,  significant  improvements  have 
become  available  in  flammability  testing.  Rationally- 
based  new  methods,  derived  from  fundamental  engi- 
neering principles,  are  replacing  the  previously  used 
empirical  tests.  The  major  emphasis  in  this  develop- 
ment work  has  been  to  provide  a  basic  set  of  bench- 
scale  methods  which  can  be  used  to  predict  full-scale 
product  performance.  Reference  methods  for  conduct- 
ing full-scale  tests  will  continue  to  be  needed  to  handle 
products  or  situations  where  the  bench-scale  methods 
are  not  applicable.  The  bulk  of  the  testing  needs,  how- 
ever, can  now  be  fulfilled  by  use  of  bench-scale  tests 
which  are  not  only  simple  to  run,  but  are  known  to  ac- 
curately predict  the  full-scale  performance. 
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Effective  exchange  of  fire  test  data,  even  within  a  sin- 
gle laboratory,  has  been  difficult  due  to  the  multiple  in- 
compatible data  formats  and  hardware.  This  issue  has 
been  addressed  by  a  careful  study  of  user  needs,  lead- 
ing to  the  development  of  a  series  of  standard  formats 
whereby  fire  test  data  could  easily  be  exchanged 
among  laboratories  and  design  professionals.  Both 
scalar  and  vector  data  are  included.  These  formats 
have  been  made  practical  by  the  development  of  a 
computer  program,  the  Fire  Data  Management  System 
(FDMS),  and  pertinent  hardware  standards.  The  sys- 
tem includes  the  most  commonly  used  of  modern  day 
fire  test  methods,  but  also  has  provisions  for  future  ex- 
tension to  other  tests  of  interest. 
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Acetylene  smokes  from  a  laminar  diffusion  flame  are 
characterized.  The  smoke  generator  is  capable  of  pro- 
ducing mono-sized  7  nm  particles  and  soot  agglomer- 
ates containing  20-30  nm  in  diameter  primary  particles. 
Size  distributions  and  structural  information  were  ob- 
tained by  electron  and  optical  microscopy.  Laser 
microprobe  mass  spectroscopy  was  used  to  measure 
the  chemical  composition  of  the  smokes. 
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A  laminar  diffusion  flame  system  capable  of  producing 
a  narrowly  distributed  ultrafine  aerosol  is  described. 
Diffusion  battery  and  transmission  electron  microscopy 
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indicate  a  mean  particle  diameter  on  the  order  of  10 
to  7  nm  respectively.  Laser  microprobe  mass  analysis 
indicates  that  the  particles  are  composed  of  phos- 
phates and  sulfates  in  addition  to  carbonaceous  mate- 
rial. 
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Laser-induced  fluorescence  has  been  observed  from 
the  formaldehyde  electronic  transition  in  a  well-charac- 
terized, laminar  methane/air  diffusion  flame  burning  at 
atmospheric  pressure.  This  represents  the  first  optical 
measurement  in  flames  of  naturally  occurring  form- 
aldehyde, an  important  intermediate  in  the  oxidation  of 
hydrocarbons.  Both  355  nm  and  tunable  dye  laser  ex- 
citation of  fluorescence  are  demonstrated.  The  ob- 
served fluorescence  signals  are  corrected  for  partition 
function  effects  and  for  estimated  collisional  quenching 
rates  to  obtain  relative  concentration  profiles. 
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A  long  term  study  of  the  phenomena  controlling  the  ex- 
tinguishment of  solid  fuel  fires  is  based  on  the  model- 
ing of  the  interactions  of  sprinkler  generated  droplets 
impinging  hot  solid  surfaces.  The  thermal  interactions 
during  the  evaporation  of  a  liquid  droplet  deposited  on 
a  low  conductivity  semi-infinite  solid  are  complex  be- 
cause the  evaporative  process  is  coupled  to  intense 
local  cooling  of  the  solid.  Sharp  temperature  gradients 
in  the  proximity  of  the  droplet  edge  cause  instabilities 
in  finite  difference  solutions  using  reasonable  time 
steps  due  to  the  explicit  coupling  of  the  liquid-solid  re- 
gion. A  boundary  element  method  is  proposed  in  order 
to  overcome  these  difficulties.  The  methodology  and 
its  application  to  this  specific  problem  are  described  in 
detail.  Formal  solutions  are  obtained  in  the  form  of  sur- 
face integrals  over  the  solid  and  the  droplet  surfaces. 
These  surface  integrals  are  discretized  into  summa- 
tions, which  lead  to  matrix  equations  for  the  discretized 
surface  temperatures  and  heat  fluxes.  Results  for 
some  preliminary  tests  are  discussed  to  provide  an  in- 
sight on  the  various  aspects  of  this  solution  procedure 
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Contents:  Suppression  Using  Halocarbons  -  Labora 
tory  Studies;  Fire  Hazard,  Risk,  and  Data;  Suppression 
Using  Halocarbons  -  Large-Scale  Studies;  Suppres- 
sion Using  Water;  Pool  Fires;  Fire-Induced  Flows; 
Chemistry  and  Physics  of  Material  and  Product  Com- 
bustion; Soot;  Fire  Signatures;  Flame  Spread;  Fire 
Plumes. 
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Inert  gas  atomization  via  close-coupled  hypersonic  jets 
(Mach  number  >  7)  has  promise  in  providing  metal 
powder  with  mean  size  <  30  micrometers  in  large 
quantities  for  even  difficult  materials  such  as  304  SS. 
Recent  studies  at  the  National  Institute  of  Standards 
and  Technology  (formerly  NBS)  have  been  focused  on 
the  implementation  of  an  in-situ  particle  size  measure- 
ment sensor  for  feed-back  control  of  powder  size  dur- 
ing atomization.  This  work  involves  a  detailed  analysis 
of  the  compressible  supersonic  jets,  liquid  disruption 
studies  using  high-speed  cinematography  (10,000  fps) 
and  holography  (25  ns  exposure  time),  development 
of  the  particle  sizing  sensor,  and  incorporation  of  this 
data  into  an  intelligent  process  control  system. 
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FIREDOC  is  the  on-line  bibliographic  database  which 
reflects  the  holdings  (published  reports,  journal  arti- 
cles, conference  proceedings,  books,  and  audiovisual 
items)  of  the  Fire  Research  Information  Services 
(FRIS)  at  the  Building  and  Fire  Research  Laboratory 
(BFRL),  National  Institute  of  Standards  and  Tech- 
nology (NIST).  This  manual  provides  step-by-step  pro- 
cedures for  entering  and  exiting  the  database  via  tele- 
communication lines,  as  well  as  a  number  of  tech- 
niques for  searching  the  database  and  processing  the 
results  of  the  searches.  This  Third  Edition  is  neces- 
sitated by  the  change  to  a  UNIX  platform.  The  new 
computer  allows  for  faster  response  time  if  searching 
via  a  modem  and,  in  addition,  offers  internet  accessibil- 
ity. FIREDOC  may  be  used  with  personal  computers, 
using  DOS  or  Windows,  or  with  Macintosh  computers 
and  workstations.  A  new  section  on  how  to  access 
Internet  is  included,  and  one  on  how  to  obtain  the  ref- 
erences of  interest  to  you.  Appendix  F:  Quick  Guide 
to  Getting  Started  will  be  useful  to  both  modem  and 
Internet  users. 
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Experimental  concentration  measurements  of  the 
major  stable  species  and  five  radical  species  (OH,  H 
atom,  O  atom,  CH,  and  CH3)  obtained  on  a  rectangular 
Wolfhard-Parker  slot  burner  are  compared  with  a  de- 
tailed computation  of  the  chemical  structure  of  an 
axisymmetric  laminar,  CH4/air  diffusion  flame  burning 
at  atmospheric  pressure.  In  order  to  examine  these 
CH4/air  flames  with  different  geometries  and  different 
sizes,  the  species  profiles  are  plotted  as  functions  of 


the  local  mixture  fraction,  and  the  scalar  dissipation 
rate  has  been  matched  in  a  region  around  the  stoichio- 
metric surface.  The  overall  agreement  in  the  absolute 
concentrations,  the  shape  of  the  profiles,  and  their  lo- 
cation in  terms  of  the  local  mixture  fraction  is  good  to 
excellent  for  the  stable  species  (except  for  02)  and  for 
the  most  abundant  radicals  OH,  H  atom,  and  O  atom. 
For  example,  the  calculated  OH  maximum  concentra- 
tion is  in  much  better  agreement  with  the  experimental 
results  than  are  full  equilibrium  and  partial  equilibrium 
estimates.  Less  satisfactory  agreement  is  found  for  the 
CH  and  CH3  radicals.  In  addition,  significant  discrep- 
ancies are  observed  in  the  temperature  field  and  in  the 
degree  of  02  penetration  into  rich  flame  regions. 
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Studies  investigating  the  oxidation  of  soot  and  carbon 
monoxide  (CO)  have  been  conducted  in  a  series  of 
laminar  diffusion  flames.  Both  overventilated  and 
underventilated  conditions  have  been  examined.  For 
the  overventilated  studies,  the  production  and  destruc- 
tion of  CO  has  been  found  to  be  influenced  by  the 
amount  of  soot  present  in  the  flame.  Measurements  of 
the  hydroxyl  radical  OH(-)  have  demonstrated  that  soot 
can  compete  for  OH(-)  when  undergoing  oxidation  and, 
thus,  impede  the  oxidation  of  CO  to  C02.  Absolute 
concentration  measurements  for  OH(-)  have  shown 
that  superequilibrium  values  of  OH(-)  are  achieved  in 
the  upper  region  of  these  diffusion  flames.  The  results 
clearly  demonstrate  that  soot  particles  are  far  from 
passive  species  in  flames  and  can  directly  affect  the 
chemical  pathways  involved  in  the  oxidation  process 
through  radiative  effects  on  temperature  and  soot  par- 
ticle reactivity  effects  on  radical  concentrations.  The 
chemical  makeup  and  structure  of  the  smoke  produced 
at  high  equivalence  ratio  is  qualitatively  different  from 
smoke  produced  under  overventilated  conditions;  the 
smoke  is  mainly  organic  rather  than  graphitic  and  it  has 
an  agglutinated  structure  rather  than  an  agglomerate 
structure  with  distinct  primary  spheres  usually  ob- 
served in  overventilated  burning. 
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A  unique  airborne  smoke  sample  package  (ASSP)  for 
determining  the  smoke  yield  of  large  fires  has  been  de- 
veloped. The  ASSP,  which  weighs  less  than  4  kg,  is 
light  enough  to  be  flown  suspended  below  a  tethered 
helium-filled  balloon  or  attached  to  a  small  radio-con- 
trolled aircraft.  Measurements  are  made  by  flying  the 
sampling  equipment  into  a  fire's  smoke  plume.  Addi- 
tional smoke  plume  measurements  that  can  be  made 
with  the  ASSP  include  particle  size  distribution  using 
a  cascade  impactor,  smoke  agglomerate  structure 
using  transmission  electron  microscope  (TEM)  grids, 
and  polycyclic  aromatic  hydrocarbons  (PAHs)  analysis 
using  various  sorbent  tubes.  The  application  of  the 
ASSP  in  measuring  laboratory  and  large  outdoors  pe- 
troleum pool  fires  is  discussed. 
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Oxidation  of  Soot  and  Carbon  Monoxide  in  Hydro- 
carbon Diffusion  Flames. 
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Quantitative  OH(-)  concentrations  and  primary  soot 
particle  sizes  have  been  determined  in  the  soot  oxida- 
tion regions  of  axisymmetric  diffusion  flames  burning 
methane,  methane/butane,  and  methane/1 -butene  in 
air  at  atmospheric  pressure.  The  total  carbon  flow  rate 
was  held  constant  in  these  flames  while  the  maximum 
amount  of  soot  varied  by  a  factor  of  seven  along  the 
centerline.  Laser-induced  fluorescence  measurements 
of  OH(-)  were  placed  on  an  absolute  basis  by  calibra- 
tion against  earlier  absorption  results.  The  primary  size 
measurements  of  the  soot  particles  were  made  using 
thermophoretic  sampling  and  transmission  electron  mi- 
croscopy. OH(-)  concentrations  are  greatly  reduced  in 
the  presence  of  soot  particles.  Whereas  large  super- 
equilibrium  ratios  are  observed  in  the  high-temperature 
reaction  zones  in  the  absence  of  soot,  the  OH(-)  con- 
centrations approach  equilibrium  values  when  the  soot 
loading  is  high.  The  diminished  OH(-)  concentrations 
are  found  to  arise  from  reactions  with  the  soot  particles 
and  only  to  a  minor  degree  from  lower  temperatures 
due  to  soot  radiation  losses.  Analysis  of  the  soot  oxida- 
tion rates  computed  from  the  primary  particle  size  pro- 
files as  a  function  of  time  along  the  flame  centerlines 
shows  that  OH(-)  is  the  dominant  oxidizer  of  soot,  with 
02  making  only  a  small  contribution.  Higher  collision 
efficiencies  of  OH(-)  reactions  with  soot  particles  are 
found  for  the  flames  containing  larger  soot  concentra- 
tions at  lower  temperatures.  A  comparison  of  the  soot 
and  CO  oxidation  rates  shows  that  although  CO  is  in- 
herently more  reactive  than  soot,  the  soot  successfully 
competes  with  CO  for  OH(-)  and  hence  suppresses 
CO  oxidation  for  large  soot  concentrations. 
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The  NIST  study  provided  the  information  that  was 
needed  to  predict  conditions  firefighters  would  face  on 
the  fire  floor,  elevator  lobby,  and  floor  above,  without 
placing  firefighters  at  extraordinary  risk,  providing  for 
a  meaningful  and  safe  training  exercise  for  high  rise 
fire  fighting.  Also  by  using  the  test  data  and  HAZARD 
I  to  transfer  fire  science  technology  to  the  media,  legis- 
lators, and  the  public  in  an  understandable  context,  this 
exercise  provided  the  catalyst  that  was  needed  to  pass 
the  sprinkler  retrofit  ordinance  in  Louisville,  Kentucky. 
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A  data  base  of  chemical  kinetic  information  for  use  in 
the  modeling  of  the  combustion  of  organic  fuels  has 
been  developed  at  the  National  Institute  of  Standards 
and  Technology.  The  authors  have  now  extended  the 
data  base  to  cover  light  alkanes  with  up  to  four  carbon 
atoms  and  are  now  carrying  out  work  involving  C3  and 


C4  unsaturates.  They  have  also  carried  out  extensive 
compilations  of  chemical  kinetic  data  pertinent  to  com- 
bustion. They  begin  with  a  brief  description  of  the  ra- 
tionale for  the  effort  and  their  approach  to  the  problem. 
This  will  be  followed  by  a  summary  of  their  most  recent 
work.  They  will  conclude  with  a  discussion  of  their  ap- 
proach to  solving  a  number  of  the  special  problems 
that  have  been  encountered. 
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A  research  program  to  characterize  candidate  com- 
pounds for  replacing  halon  1 301  for  in-flight  aircraft  fire 
protection  is  described  in  the  paper.  The 
thermodynamical,  fluid  mechanical,  and  flame  extinc- 
tion properties  are  examined,  and  a  number  of  fuels 
and  flame  arrangements  are  investigated  in  an  attempt 
to  develop  a  general  test  protocol  which  will  reliably 
predict  the  relative  fire  suppression  efficiency  of  new 
agents  being  considered  for  a  variety  of  applications. 
A  coaxial  turbulent  spray  burner  was  built  to  evaluate 
the  relative  effectiveness  of  agents  for  suppressing 
high  intensity  fuel  fires  such  as  one  might  encounter 
in  a  jet  engine  nacelle.  A  key  element  of  the  facility 
is  the  agent  delivery  system,  which  is  designed  to  inject 
the  desired  amount  of  material  into  the  air  upstream 
of  the  fuel  nozzle.  The  influence  of  air  velocity,  fuel 
flow,  and  injection  period  on  the  amount  of  a  N(sub 
2)  required  to  extinguish  the  turbulent  spray  flame  is 
discussed,  and  the  effectiveness  of  twelve  gaseous 
agents  is  compared. 
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Previous  experiments  have  demonstrated  that  the 
mole  fractions  of  major  product  gases  trapped  in  a 
hood  located  above  a  fire  can  be  correlated  in  terms 
of  the  global  equivalence  ratio.  Full-kinetic  calculations 
are  employed  to  characterize  the  reactivity  and  reac- 
tion behavior  for  the  product  gases  observed  in  a  hood 
experiment  burning  natural  gas  as  fuel.  A  range  of  tem- 
peratures (700-1300  K)  typical  of  enclosure  fires  is 
considered.  Mixing  is  assumed  to  be  infinitely  fast  (per- 
fectly-stirred reactor)  or  infinitely  slow  (plug-flow  reac- 
tor). Both  isothermal  and  adiabatic  cases  are  treated. 
Calculations  are  reported  for  a  range  of  residence 
times  (0-20  s)  and  global  equivalence  ratios  (0.5-2.83). 
The  dominant  variable  for  reaction  behavior  is  found 
to  be  temperature.  Effects  due  to  mixing  and  heat 
transfer  assumptions  are  less  important.  The  results  in- 
dicate that  the  hood  product  gases  are  reactive  for 
temperatures  greater  than  800  K.  For  rich  mixtures,  re- 
action generates  primarily  carbon  monoxide  as  op- 
posed to  carbon  dioxide.  At  higher  temperatures  the 
formation  of  hydrogen  is  favored  over  water  while 
water  is  favored  in  the  800-1000  K  range.  In  the  lower 
temperature  range  H02  is  the  dominant  free  radical. 
Uncertainties  in  rates  for  reactions  involving  this  spe- 
cies introduce  considerable  uncertainty  into  the  cal- 
culated behaviors.  At  high  temperatures  (1 100-1300  K) 
the  important  free  radicals  are  H  atom  and  OH.  The 


findings  suggest  that  the  results  of  the  hood  experi- 
ments cannot  be  used  directly  for  the  modeling  of  spe- 
cies production  in  enclosure  fires. 
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Quantitative  OH(-)  concentrations  have  been  meas- 
ured in  four  coannular  diffusion  flames,  burning  meth- 
ane at  a  single  fuel  flow  rate  and  ethene  at  fuel  flow 
rates  which  produce  non-smoking,  incipient  smoking 
conditions.  Laser-induced  fluorescence  has  been  used 
to  make  point  profile,  line  image,  and  two-dimensional 
image  measurements.  These  data  have  been  placed 
on  an  absolute  basis  by  reference  to  earlier  absorption 
results.  Particular  emphasis  has  been  placed  on  the 
investigation  of  the  soot  oxidation  region  in  these  lam- 
inar flames,  since  current  soot  models  must  utilize  ei- 
ther assumed  or  estimated  OH(-)  concentrations.  As 
the  soot  concentration  increases,  both  the  OH(-)  con- 
centration and  the  flame  temperature  are  found  to  de- 
crease. Estimates  of  the  superequilibrium  levels  of 
OH(-)  increase  as  the  measured  concentrations  de- 
crease, which  makes  accurate  a  priori  prediction  of 
OH(-)  concentrations  problematic  in  diffusion  flames 
containing  significant  soot  concentrations. 
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The  paper  reports  on  the  results  of  computer  simula- 
tions of  the  destruction  of  trace  quantities  of 
perchloroethylene  and  chlorobenzene  in  organic  com- 
bustion systems.  These  results  are  derived  from  a  data 
base  dealing  with  methane  combustion  kinetics,  recent 
measurements  on  hydrogen  atom  attack  on  the 
chlorinated  compounds,  and  estimates  based  on  lit- 
erature values  of  the  rate  constants  for  a  variety  of  de- 
struction processes.  The  roles  of  OH-radicals  and  H- 
atoms  as  the  key  agents  for  destruction  are  dem- 
onstrated. At  higher  temperatures,  unimolecular 
decompositions  begin  to  become  important.  The  jux- 
taposition of  the  various  processes  makes  difficult  the 
construction  of  a  simple  algorithm  that  will  readily  de- 
fine the  relative  ease  of  destruction  of  any  two  com- 
pounds. Additional  complications  arise  from  the  de- 
pendence on  fuel  composition  and  at  higher  hazardous 
waste  concentrations.  The  advantages  of  using  com- 
puter simulations  in  conjunction  with  laboratory  and 
field  results  and  in  deriving  a  better  understanding  of 
incinerator  behavior  are  discussed. 
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The  structure  of  a  swirl-stabilized  spray  flame,  fueled 
by  a  75/25  mixture  (by  volume)  of  methanol  and 
dodecanol  has  been  examined.  Spatially  resolved  in- 
formation on  droplet  size  and  velocity  distributions  was 
obtained  under  burning  conditions  using  a  phase 
Doppler  interferometry  system.  The  effect  of  system 
gain  (i.e.,  voltage  setting  of  the  photomultiplier  tube  de- 
tectors and  laser  power)  on  interpretation  of  the  results 
was  also  assessed.  The  relatively  large  volatility  dif- 
ference between  methanol  and  dodecanol  provided  an 
opportunity  to  examine  the  occurrence  of 
microexplosions  within  spray  flames.  Evidence  of 
microexploded  droplets  was  revealed  by  a  sudden  de- 
crease in  droplet  size  and  velocity,  and  an  increase  in 
number  density  at  different  spatial  positions  within  the 
flame.  On  this  basis,  results  were  obtained  that  indi- 
cated the  occurrence  of  microexplosions  in  the  75/25 
mixture  flame,  but  at  a  reduced  extent  as  compared 
to  prior  results  reported  for  methanol  flames  containing 
a  larger  fraction  of  dodecanol. 
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The  proposed  replacements  to  halon  1301,  mainly 
fluorinated  and  chlorinated  hydrocarbons,  are  ex- 
pected to  be  required  in  significantly  higher  concentra- 
tions than  CF3Br  to  extinguish  fires.  At  these  higher 
concentrations  the  by-products  of  the  inhibited  flames 
may  include  correspondingly  higher  portions  of  corro- 
sive gases,  including  HF  and  HCI.  To  examine  the 
chemical  and  transport-releated  mechanisms  impor- 
tant in  producing  these  acid  gases,  a  series  of  inhibited 
flame  tests  have  been  performed  with  several  types  of 
laboratory-scale  burners,  varying  agent  type  and  con- 
centration, and  fuel  type.  Production  rates  were  meas- 
ured for  co-flow  laminar  and  turbulent  diffusion  flames. 
Systematic  selection  of  the  agent  concentrations,  burn- 
er type,  and  air  flow  rates  allowed  an  assessment  of 
the  relative  importance  of  agent  transport  and  chemical 
kinetics  on  the  acid  gas  production  rates.  These  exper- 
imental results  were  then  compared  to  a  model  which 
estimates  the  maximum  HF  and  HCI  production  rates 
based  on  stoichiometric  reaction  to  the  most  stable 
products.  The  results  demonstrate  the  relative  signifi- 
cance of  F,  CI,  and  H  in  the  inhibitor  and  fuel,  as  well 
as  the  effect  of  different  burner  configurations. 

01,391 

PB95-180584       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Fire  Science  Div. 
Burning  Rate  of  Premixed  Methane-Air  Flames  In- 
hibited by  Fluorinated  Hydrocarbons. 
Final  rept. 

G.  T.  Linteris,  and  L.  Truett.  1994,  12p. 
See  also  PB95-1 80592.  Sponsored  by  Department  of 
the  Air  Force,  Wright-Patterson  AFB,  OH. 
Pub.  in  Proceedings  of  Halon  Options  Technical  Work- 
ing Conference,  Albuquerque,  NM.,  May  3-5,  1994, 
12p. 

Keywords:  'Burning  rate,  'Diffusion  flames,  'Fire  extin- 
guishing agents,  'Fluorinated  hydrocarbons,  Fire  sup- 
pression, Fire  protection,  Combustion,  Oxidation, 
Flame  propagation,  Inhibitors, 

Concentration(Composition),  Reprints. 

This  paper  presents  the  first  measurements  of  the 
burning  rate  of  premixed  flames  inhibited  by  three 
fluorinated  hydrocarbons  that  have  oxidation  chemistry 
which  is  similar  to  agents  which  may  be  used  as  re- 
placements for  CF3Br.  The  burning  rate  of  premixed 
methane-air  flames  stabilized  on  a  Mache-Hebra  noz- 
zle burner  was  determined  using  the  total  area  method 
from  schlieren  images  of  the  flame.  The  inhibitors  were 
tested  over  a  range  of  concentrations  and  fuel-air 
equivalence  ratios.  The  measured  burning  rate  reduc- 


tions are  compared  with  those  predicted  by  numerical 
solution  of  the  species  and  energy  conservation  equa- 
tions employing  a  detailed  chemical  kinetic  mechanism 
recently  developed  at  the  National  Institute  of  Stand- 
ards and  Technology  (NIST).  This  paper  presents  ini- 
tial efforts  at  testing  and  validation  of  the  mechanism 
using  burning  rate  data.  The  mode  of  inhibition  of  these 
chemicals  is  inferred  through  interpretation  of  the  nu- 
merical results. 
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The  agents  which  are  currently  being  considered  as 
a  replacements  for  fire  suppressant  agent  CF3Br  are 
mostly  fluorinated  hydrocarbons  and  perfluorinated 
alkanes.  This  abstract  describes  measurements  of  the 
reduction  in  burning  rate  of  premixed  methane-air 
flames  by  the  single  carbon  inhibitors  CF4,  CF3H,  and 
CF2H2.  Early  studies  of  the  inhibitory  effects  of  halo- 
genated  hydrocarbons  on  flames  were  conducted  in 
premixed  systems.  The  premixed  laminar  burning  rate 
is  a  fundamental  parameter  describing  the  overall  re- 
action rate,  heat  release,  and  heat  and  mass  transport 
in  a  flame.  In  addition,  the  reduction  in  the  premixed 
flame  burning  rate  is  useful  for  understanding  the 
mechanism  of  chemical  inhibition  of  fires  since  diffu- 
sion flames  often  have  a  stabilization  region  which  is 
premixed,  and  good  correlation  has  been  found  be- 
tween the  reduction  in  burning  rate  and  the  concentra- 
tion of  inhibitors  found  to  extinguish  diffusion  flames. 
The  present  burning  rate  measurements  allow  an  early 
assessment  of  the  performance  of  the  National  Insti- 
tute of  Standards  and  Technology  fluorinated  species 
chemical  kinetic  mechanism  in  premixed  flames  and 
are  considered  to  be  an  initial  step  in  the  validation  and 
refinement  of  the  mechanism. 
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Integrated  models  of  soot  production  and  oxidation  are 
based  upon  experimental  results  obtained  in  steady, 
laminar  flames.  For  successful  application  of  these  de- 
scriptions to  turbulent  combustion,  it  is  instructive  to 
test  predictions  of  soot  concentrations  against  experi- 
mental measurements  obtained  in  time-varying 
flowfields.  This  paper  reports  quantitative  measure- 
ments of  the  local  soot  volume  fraction  in  a  co-flowing, 
flickering  CH4/air  diffusion  flame  burning  at  atmos- 
pheric pressure.  Acoustic  forcing  of  the  fuel  flow  rate 
is  used  to  phase  lock  the  periodic  flame  flicker  close 
to  the  natural  flicker  frequency.  Our  measurements 
show  that  soot  production  is  four  times  greater  for  a 
forcing  condition  in  which  flame  tip  clipping  occurs, 
compared  with  a  steady  flame  burning  with  the  same 
mean  fuel  flow  velocity.  The  soot  field  in  the  flickering 
flame  has  been  characterized  using  tomographic  re- 
construction of  extinction  data  obtained  at  632.8  nm, 
laser-induced  incandescence  (Lll)  images  calibrated 
against  steady  CH4/air  extinction  results,  and  vertically 
polarized  scattering  data. 
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Carbon  monoxide  production  during  room  fires  has 
been  investigated  using  natural-gas  fires  within  a  re- 
duced-scale enclosure  (RSE),  an  0.98  m  x  0.98  m  x 
1 .46  m(w  x  h  x  d)  room  with  a  single  door  opening  cen- 
tered in  the  front  wall.  This  series  of  125  fires  with  heat 
release  rates  (HRR)  from  7  to  650  kW  and  global 
equivalence  ratio  phi  sub  g  from  0.2  to  4.2,  respec- 
tively, has  demonstrated  that  the  upper  layer  is 
nonuniform  in  temperature  and  gas  species,  and  that 
upper-layer  oxygen  is  depleted  for  underventilated 
fires  with  high-temperature  upper  layers.  For  fires  hav- 
ing HRR  exceeding  400  kW  (phi  sub  g  >  2),  carbon 
monoxide  concentrations  of  up  to  3.5  percent  have 
been  observed  in  the  front  portion  of  the  upper  layer. 
Carbon  monoxide  concentrations  in  the  rear  were  con- 
sistently lower  being  on  the  order  of  2.0  percent  for  phi 
subg  >  2. 
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Live-fire,  full-scale  testing  has  been  conducted  at 
Wright-Patterson  Air  Force  Base  to  identify  an  agent 
to  replace  CF3Br  (halon  1301)  for  suppressing  fires  in 
military  aircraft  dry  bays.  The  three  chemicals  being 
considered  (C2HF5,  HFC-125;  C3F8,  FC-218;  and 
CF3I,  halon  13001)  had  been  evaluated  in  a  previous 
laboratory  study,  in  which  unique  properties  of  each 
chemical  were  identified  in  small-scale  experiments. 
The  FC-218  provided  the  most  consistent  performance 
in  this  new  series  of  experiments  which  examined  lean, 
stoichiometric  and  rich  initial  conditions.  Large  pres- 
sure build  ups  were  not  observed  during  suppression 
of  the  propane/air  mixtures  under  the  current  set  of 
conditions.  None  of  the  agents  could  be  ruled  out  for 
dry  bay  applications  based  upon  the  results  of  this 
study. 
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An  investigation  of  the  mixing  and  radiation  properties 
of  buoyant  turbulent  diffusion  flames  is  described.  The 
study  was  divided  into  two  phases:  (1)  the  structure 
and  mixing  properties  of  turbulent  plumes,  which  must 
be  understood  in  order  to  resolve  effects  of  turbulence/ 
radiation  interactions  and  to  benchmark  models  of 
buoyant  turbulent  flows;  and  (2)  the  fractal  and  struc- 
ture properties  of  soot  aggregates,  which  must  be  un- 
derstood in  order  to  develop  nonintrusive  methods  for 
measuring  soot  properties  of  soot  in  flame  environ- 
ments. Measurements  of  the  turbulent  mixing  prop- 
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erties  of  buoyant  turbulent  plumes  involved  laser  in- 
duced fluorescence  (LIF),  laser  velocimetry  (LV)  and 
combined  LIF/LV  to  find  mixture  fraction  and  velocity 
statistics  in  buoyant  turbulent  plumes. 
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Detailed  measurements  of  the  temperature,  soot  vol- 
ume fraction  and  C02  concentrations  have  been  per- 
formed for  a  10  cm  diameter  heptane  fire.  In  addition, 
the  concentrations  of  H20  and  CO  were  inferred  from 
generalized  state  relationships.  The  heat  feedback  to 
the  surface  was  calculated  by  using  a  reverse  Monte 
Carlo  method  in  conjunction  with  RADCAL.  The  use 
of  average  and  instantaneous  values  of  the  tempera- 
ture and  species  concentrations  results  in  a  21%  dif- 
ference in  the  heat  flux  to  the  surface.  Simultaneous 
optical  measurements  using  two  probes  were  used  to 
investigate  the  importance  of  temperal  correlations  on 
the  heat  transfer  calculations.  Measurements  made 
throughout  the  fire  indicate  that  non-simultaneous  data 
sets  can  be  used  to  accurately  predict  the  heat  transfer 
to  the  surface. 
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A  model  is  developed  for  predicting  the  generation 
rates  of  oxygen,  fuel,  and  other  products  of  combustion 
in  rooms  containing  fires  and  time-dependent  fire  envi- 
ronments. The  model  is  called  the  Generalized  Global 
Equivalence  Ratio  Model  (GGERM).  It  extends  the 
steady  state  global  equivalence  ratio  model  estab- 
lished previously  from  data  of  several  steady  state  ex- 
perimental studies.  After  describing  the  GGERM,  a 
concise  algorithm  is  outlined  for  implementing  it  in  two- 
layer  zone-type  compartment  fire  models.  With  the  al- 
gorithm in  place,  such  models  could  be  used  to  simu- 
late the  distribution  of  combustion  products  in  single 
or  multi-room  fire  environments  under  conditions  of  ar- 
bitrary ventilation. 
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This  paper  presents  algorithms  for  efficiency  comput- 
ing the  radiative  heat  exchange  between  four  wall  sur- 


faces, several  fire,  and  two  interior  gases.  A  two-wall 
and  a  ten-wall  radiation  model  is  also  discussed.  The 
structure  of  this  radiation  model  is  exploited  to  show 
that  only  a  few  configuration  factors  need  to  be  cal- 
culated directly  (two  rather  than  16  for  the  four-wall 
model  and  eight  rather  than  1 00  for  the  ten-wall  model) 
and  matrices  needed  to  solve  for  the  net  radiative  flux 
striking  each  surface  are  shown,  after  the  appropriate 
transformation  is  taken,  to  be  diagonally  dominant.  It- 
erative methods  may  then  be  used  to  solve  the  linear 
equations  more  efficiently  than  direct  methods  such  as 
Gussian  elimination. 
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In  order  to  design  robust  and  stable  zone  fire  modeling 
algorithms,  the  numerical  properties  of  the  fire  model- 
ing differential  equations  must  be  understood.  This 
paper  examines  some  of  these  properties.  Many  sets 
of  differential  equations  for  zone  fire  modeling  can  be 
derived  using  the  conservation  of  mass  and  energy. 
A  comparison  between  various  possible  formulations 
is  made  in  terms  of  numerical  properties.  One  property 
that  many  formulations  possess  is  the  presence  of  mul- 
tiple time  scales.  Pressures  equilibrate  much  faster 
than  other  quantities,  such  as  density  and  temperature. 
Numerically,  this  property  is  known  as  stiffness.  Stiff- 
ness, in  the  context  of  fire  modeling,  and  numerical 
methods  for  handling  it  are  discussed. 
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A  coaxial  turbulent  spray  burner  was  built  to  evaluate 
the  relative  effectiveness  of  different  chemicals  for  sup- 
pressing fires  in  a  jet  engine  nacelle.  An  agent  delivery 
system  was  designed  to  inject  the  desired  amount  of 
material  into  the  air  upstream  of  a  fuel  nozzle  and  to 
control  the  agent  injection  rate  through  variation  of  the 
storage  pressure  and  the  duration  of  time  that  a  sole- 
noid valve  remains  open.  The  influence  of  air  velocity, 
fuel  flow,  and  injection  period  on  the  amount  of  nitro- 
gen required  to  extinguish  a  jet  fuel  spray  flame  is  dis- 
cussed. The  effectiveness  of  eleven  different  fluoro- 
carbons, hydrofluorocarbons,  and 
hydrochlorofluorocarbons  is  compared  to  that  of  halon 
1301. 
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The  present  study  is  limited  to  examining  the  effect  of 
the  vapors  of  various  halogen-containing  suppressants 
on  the  burning  of  pure  magnesium  and  titanium  rods 


in  a  slow  flow  of  oxygen-containing  gas.  The  test  con- 
figuration was  instrumented  to  allow  quantitation  of  the 
effect  of  the  vapors  on  the  rate  of  burning.  The  agents 
examined  in  the  presence  of  burning  magnesium  in- 
cluded halon  1301  (the  reference  case),  HFC-125, 
HFC-227ea,  FC-218  and  CF3I.  For  titanium,  time  limi- 
tations narrowed  the  study  to  halon  1301,  HFC- 
227ea(sup  2)  and  HFC-125. 
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In  this  study,  attention  is  given  to  the  corner  fire  spread 
mechanism  and  the  flame  spread  behavior.  Infrared 
(IR)  radiometry  and  image  analysis  techniques  have 
been  developed  in  this  study  to  measure  flame  spread 
rate  on  large  areas  with  high  resolution  and  frequency. 
In  addition  to  the  flame  spread  measurement,  the  fire- 
induced  flow  was  studied  by  flow  visualization,  and  the 
total  incident  heat  flux  to  the  wall  surface  from  the 
flame  was  measured  by  Gardon-type  heat  flux  meters. 
Based  on  these  experimental  studies,  a  thermal  model 
for  corner  fire  spread  has  been  successfully  devel- 
oped. 
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A  series  of  measurements  were  made  in  the  Al  Mawqa/ 
Al  Ahmadi  oil  field  region  of  Kuwait  to  explore  the  fea- 
sibility of  assessing  the  heat  release  rate  of  individual 
well  tires  through  flame  height  and  thermal  radiation 
measurements.  The  heat  release  rate  of  the  crude  oil 
well  fires  was  correlated  with  the  flame  height.  The  12 
Kuwait  oil  field  fires  measured  ranged  in  calculated 
heat  relaese  rate  from  90  MW  to  2  GW  which  cor- 
respond to  flow  rates  of  0.003  cu  m/s  (1500  bbls/day) 
to  0.059cu  m/s  (30000  bbls/day)  which  is  only  20  per- 
cent greater  than  published  National  Oceanic  and  At- 
mospheric Administration  (NOAA)  estimates  based  on 
information  from  the  Kuwait  Oil  Company. 
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The  stabilization  mechanism  of  a  lifted  turbulent-jet  dif- 
fusion flame  remains  an  active  area  of  research  de- 
spite numerous  studies.  The  early  work  of 
Vanquickenbourne  and  Van  Tiggelen  provided  experi- 
mental documentation  of  lift-off  heights  for  a  variety  of 
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fuels.  Although  this  time-averaged  view  provides  a 
means  of  predicting  lift-off  height,  more  physical  insight 
is  required  to  develop  a  model  of  stabilization  which 
includes  current  knowledge  on  the  structure  of  turbu- 
lent jets  and  mixing.  The  present  study  is  in  many  ways 
an  update  of  the  Vanquickenborne  and  Van  Tiggelen 
experiments.  The  anchoring  position  of  a  lifted  flame 
is  obtained  through  image  analysis  of  video  images 
and  concentration  profiles  are  independently  acquired 
in  the  corresponding  isothermal  fuel  jets  with  Rayleigh 
light  scattering  (RLS).  These  diagnostics  provide  both 
temporal  and  spatial  resolution. 
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The  report  describes  the  results  of  the  second  year  of 
the  project.  During  the  second  year,  numerical  simula- 
tions of  smoke  movement  in  response  to  sloped,  beam 
ceilings  were  studied.  Slopes  of  10,  25  and  50  degrees 
were  studied  with  beams  running  along  or  across  the 
slope.  It  was  found  that  channeling  of  smoke  flow  was 
more  prevalent  as  ceiling  slope  increased  for  parallel 
beam  cases.  For  beams  perpendicular  to  the  slope,  in- 
creasing the  ceiling  slope  decreased  the  effectiveness 
of  the  beams  in  preventing  smoke  flow  up  the  ceiling. 
Based  on  the  predicted  smoke  movement,  rec- 
ommendations on  sensor  selection  and  placement  are 
made  for  the  slope  beamed  ceilings. 
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Research  has  shown  that  burning  can  be  an  effective 
means  to  remove  oil  from  the  surface  of  the  water  after 
a  spill.  The  paper  describes  instrument  packages  de- 
veloped to  determine  the  amount  of  various  combus- 
tion products  emitted  from  large  (15  m  x  15  m)  crude 
oil  pool  fires.  The  increase  in  burning  rate  and  smoke 
production  with  increasing  fire  size  is  discussed. 
Progress  is  reported  on  new  calculation  methods  for 
smoke  dispersion  and  downwind  deposition  of  particu- 
late. Results  of  example  calculations  are  presented. 
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The  report  summarizes  progress  during  the  past  two 
years  on  understanding  the  radiation  production  from 
both  vertical  and  horizontal  jet-flames.  These  two 
cases  represent  two  forms  of  blowout  fire  events  on 
offshore  platforms.  The  laminar  flamelet  representation 


of  a  turbulent  flame  is  used  successfully  to  predict  radi- 
ation from  vertical  methane  jet-flames  in  the  range  of 
1  to  7  MW.  Peak  temperature  in  the  vertical  methane 
jet-flame  with  water  addition  were  over  predicted  by 
about  20%  using  the  model.  The  trajectory  of  hori- 
zontal jet-flames,  which  turn  under  the  influence  of 
buoyancy  are  predicted  using  a  parabolic  finite  dif- 
ference scheme  developed  in  this  research  program. 
References  are  given  to  other  technical  reports  and 
publications  for  details  of  the  work  summarized  in  this 
paper. 
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Combustion  in  a  simple  view  is  the  process  of  oxidation 
to  form  stable  products,  usually  C02  and  H20,  accom- 
panied by  the  release  of  energy.  Although  we  often 
view  this  as  a  simple  case  of  oxygen  reacting  with  a 
fuel  to  exothermically  form  product  species,  it  is  well 
known  that  radicals  such  as  OH,  H  and  O  have  a  sig- 
nificant role  in  the  reaction  chemistry.  It  is  the  specifics 
of  these  reactions  which  determine  the  rates  at  which 
they  proceed  and  the  routes  by  which  minor  products 
such  as  NO,  soot  and  CO  result.  The  radical  species 
participate  in  numerous  reactions,  and  there  exists  a 
competition  among  several  chemical  steps  for  each  re- 
active species.  Important  to  determining  the  dominant 
set  of  reactions  are  the  local  conditions  involving  tem- 
perature, pressure  and  species  concentrations.  As 
these  conditions  vary,  the  dominant  reactive  pathways 
will  also  change.  It  is  this  dynamic  situation  which  chal- 
lenges researchers  as  they  attempt  to  understand  the 
variety  of  processes  which  characterize  combustion.  In 
the  present  study,  measurements  of  hydroxyl  radicals 
obtained  in  laminar  diffusion  flames  containing  soot 
particles  are  described. 
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The  chemical  stability  of  upper-layer  fire  gases  gen- 
erated during  burning  in  an  enclosure  is  investigated 
by  the  use  of  a  full-kinetic  model.  Initial  concentrations 
of  flame  gases  are  those  observed  in  experiments 
where  fire  gases  are  trapped  in  a  hood.  Calculations 
are  preformed  as  a  fucntion  of  layer  temperature  (700- 
1300),  global  equivalence  ratio  (0.5-2.8),  mixing  model 
(perfectly  stirred  and  plug-flow  reactors),  and  heat  loss 
conditions  (adiabatic  or  isothermal).  The  calculations 
indicate  the  flame  gases  become  reactive  for  tempera- 
tures above  800  K. 
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Hydrogen  cyanide  (HCN)  is  one  of  the  gases  which  is 
produced  during  the  thermal  decomposition  of  flexible 
polyurethane  foams  and  which  (in  combination  with 
carbon  monoxide  and  other  fire  gases)  contributes  to 
the  toxicity  of  the  smoke.  Flexible  polyurethane  foams 
treated  with  copper  or  various  copper  compounds  pro- 
duced significantly  less  HCN  when  thermally  decom- 
posed that  the  identical  but  untreated  control  foams. 
The  decreased  atmospheric  concentrations  of  HCN  re- 
sulted in  the  reduction  of  the  acute  inhalation  toxicity 
(as  measured  by  lethality  in  Fischer  344  rats)  produced 
from  exposure  to  this  smoke.  This  reduction  of  HCN 
and  toxicity  occurred  regardless  of  whether  the  copper 
or  copper  compound  was  added  to  the  foam  during  its 
formulation  (prior  to  the  foaming  process)  or  as  a  post- 
treatment  (after  formulation). 
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The  intent  of  the  workshop  was  to  bring  together  gas 
generator  manufacturers,  researchers,  and  potential 
users  to  discuss  various  critical  issues  related  to  the 
evaluation  and  performance  of  the  gas  generators  as 
a  fire  fighting  tool  and  the  search  for  new  propellants. 
The  specific  objectives  of  the  workshop,  which  re- 
flected the  need  for  such  an  apparatus,  were:  Identi- 
fication of  certification  procedure(s)  for  gas  generators 
in  fire  suppression  applications;  determination  of  criti- 
cal parameters  for  evaluating  the  fire  suppression  effi- 
ciency of  various  gas  generators;  development  of  a 
standard  methodology  to  facilitate  testing  of  gas  gen- 
erators; identification  of  possible  applications  other 
than  protection  of  engine  nacelles  and  dry  bays;  and 
identification  of  a  new  generation  of  propellants. 
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Experiments  in  idealized  two-layer  fire  environments 
have  demonstrated  that  concentrations  of  carbon  mon- 
oxide and  other  gaseous  combustion  products  can  be 
correlated  in  terms  of  the  global  equivalence  ratio.  In 
this  paper,  the  results  of  detailed  chemical  kinetic  mod- 
eling and  equilibrium  calculations  are  used  to  gain  in- 
sight into  the  chemical  stability  of  the  gases  observed 
within  the  upper  layers  of  such  fires.  It  is  demonstrated 
that  the  production  of  upper-layers  gases  is  kinetically 
controlled  and  that  for  rich  conditions  concentrations 
of  the  upper-layer  gas  components  are  far  from  those 
expected  for  thermo-dynamic  equilibrium  at  the  layer 
temperatures.  Criteria  are  provided  for  determining 
whether  or  not  the  correlations  can  be  employed  to 
predict  the  generation  of  combustion  products  in  enclo- 
sure fires. 
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This  article  describes  the  first  measurements  of  the  re- 
duction in  burning  rate  of  premixed  methane-air  flames 
inhibited  by  the  two-carbon  fluorinated  species  C2F6, 
C2HF5,  C2H2F4  and  the  three-carbon  species  C3F8 
and  C3HF7  all  of  which  are  being  considered  as  re- 
placements to  CF3Br.  The  burning  rate  of  premixed 
methane-air  flames  stabilized  on  a  Mache-Hebra  noz- 
zle burner  is  determined  using  the  total  area  method 
from  a  schlieren  image  of  the  flame.  The  inhibitors  are 
tested  over  a  range  of  concentration  and  fuel-air 
equivalence  ratio.  The  measured  burning  rate  reduc- 
tion caused  by  addition  of  the  inhibitor  is  compared  (for 
the  two-carbon  species)  with  that  predicted  by  numeri- 
cal solution  of  the  mass,  species,  and  energy  con- 
servation equations  employing  a  detailed  chemical  ki- 
netic mechanism  recently  developed  at  the  National  In- 
stitute of  Standards  and  Technology  (NIST). 
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Gravity  currents  (GC)  are  also  of  interest  in  the  move- 
ment of  gases  in  buildings.  A  GC  produced  by  a  fire 
can  transport  smoke,  toxic  material  and  hot  gases,  and 
when  the  building  has  long  corridors,  the  current  often 
is  one  of  the  most  important  mechanisms  for  large- 
scale  mass  and  energy  transport.  It  is  now  possible  to 
compute  the  structure  of  GCs  in  detail  and  to  compare 
features  of  GCs  with  available  experimental  and  ana- 
lytical results.  In  the  next  section,  the  authors  describe 
GCs  by  solving  the  Navier-Stokes  equations  in  two  di- 
mensions. The  authors  make  comparisons  between 
results  from  salt-water,  fresh-water  experiments  car- 
ried out  by  Zukoski  and  coworkers,  and  the  results  ob- 
tained from  the  authors'  computational  simulations. 
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An  experimental  study  of  the  motion  of  hot  gas  through 
vertical  shafts  and  passages  under  the  influence  of 
buoyancy  forces  is  being  made  with  the  support  of  the 
Building  and  Fire  Research  Laboratory  of  the  Natioanl 
Institute  of  Science  and  Technology,  the  Department 
of  Commerce.  The  aim  of  this  work  is  to  derive  the  in- 
formation required  for  the  preparation  of  models  which 
can  be  used  to  describe  these  flows  in  computer-based 
models  of  fire  spread  through  structures. 
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As  part  of  an  on-going  study  of  the  factors  which  affect 
heat  release  rate  performance  of  furniture  in  the  Cali- 
fornia Technical  Bulletin  1 33,  the  authors  have  focused 
most  recently  on  the  role  played  by  interliners  or  bar- 
riers. A  barrier  in  this  context  is  a  layer  of  very  low  flam- 
mability  material  placed  between  the  fabric  and  the 
polyurethane  foam  to  minimize  the  participation  of  the 
latter  in  a  fire.  In  CB  133  that  fire  is  initiated  on  the 
seating  area  of  an  upholstered  furniture  item  by  an  18 
kW  gas  burner  that  sprays  flames  on  the  seat, 
seatback  and  inner  arm  surfaces.  The  response  of  the 
chair  is  required  to  be  at  most  an  80  kW  peak  in  heat 
release  rate.  The  test  applies  to  furniture  in  public  oc- 
cupancies; it  has  been  adopted  in  four  states  and  is 
under  consideration  in  several  others. 
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Ignition  and  burning  rate  data  are  developed  for  Nylon 
6/6,  Polyethylene,  and  Polypropylene  in  a  Cone  Calo- 
rimeter heating  assembly.  The  objective  is  to  examine 
a  testing  protocol  that  leads  to  the  prediction  of  ignition 
and  burning  rate  for  thermoplastics  from  Cone  data. 
The  flame  heat  flux  is  not  measured,  but  is  inferred 
from  Cone  data.  The  flame  heat  flux  is  not  measured, 
but  is  inferred  from  Cone  data.  The  constancy  of  the 
flame  heat  flux  for  thermoplastics  in  the  Cone  calorime- 
ter is  due  to  the  geometry  of  the  flame.  The  burning 
rate  model  is  shown  to  yield  good  accuracy  in  compari- 
son to  measured  transient  values.  Ignition  and  burning 
rate  data  are  developed  for  Redwood  and  Red  Oak  in 
a  Cone  Calorimeter  heating  assembly.  Measements  of 
the  flame  plus  external  heat  flux  are  presented.  The 
data  is  intended  to  be  used  for  future  work  to  develop 
a  testing  protocol  and  burning  rate  model  for  charring 
materials. 
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Molecular  dynamics  modeling  and  experimental  meas- 
urements are  used  to  identify  factors  which  reduce 
flammability  by  promoting  the  formation  of  heat  resist- 
ant chars  during  the  thermal  degradation  of  polymers. 
Computer  movies  of  the  calculated  trajectories  reveal 
that  cross-linked  model  polymers  tend  to  undergo  fur- 
ther cross-linking  when  burned.  The  presence  of 
strong  potential  energy  interactions  with  a  surface  or 
filler  further  facilities  the  formaton  of  high  molecular 
weight,  thermally  stable  chars. 
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Chemical  inhibition  of  diffusion  flames  through  addition 
of  halogenated  inhibitors  is  a  problem  of  significant 
practical  and  scientific  interested.  Extension  studies  on 
diffusion  flames  in  microgravity  have  shown  that  these 
flames  have  significantly  different  characteristics  than 
those  under  normal  gravity  (1 ,2).  However,  the  mecha- 
nisms through  which  inhibitors  reach  the  reactions 
zone  to  suppress  combustion  in  diffusion  flames  and 
the  effectiveness  of  these  compounds  under  reduced 
gravity  have  yet  to  be  investigated.  This  study  reports 
preliminary  results  of  investigations  on  the  behavior  of 
laminar  jet  diffusion  flames  upon  the  addition  of 
bromotrifluoromethane  (CF3Br)  and  trifluoromethane 
(CF3H)  to  the  surroundings  under  normal  and  micro- 
gravity  conditions.  The  results  show  that  the  flame 
structure  in  microgravity  is  significantly  different  from 
that  under  normal  gravity  conditions,  and  more  impor- 
tantly, that  conditions  for  flame  stability  are  less  strin- 
gent under  microgravity. 
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Due  to  the  ban  on  production  of  bromotrifluoromethane 
(CF2Br)  because  of  its  high  ozone  destruction  poten- 
tial, there  has  been  recent  interest  in  finding  a  replace- 
ment for  it  for  fire  extinguishing  applications.  While  a 
variety  of  potential  replacement  are  being  considered, 
halogenated  hydrocarbons  may  be  a  viable  alternative 
for  some  applications.  Consequently,  an  improved  un- 
derstanding of  their  action  in  flames  will  aid  in  their  ef- 
fective use.  In  addition,  CF3Br  is  used  as  a  fire  sup- 
pressant on  the  space  shuttle,  and  its  action  in  micro- 
gravity  has  not  been  tested  in  diffusion  flames.  The 
present  study  investigates  the  effects  of  CF3Br  and 
trifluoromethane  (CF3H),  the  simplest  compound  rep- 
resentative of  the  fluorocarbons,  in  laminar  diffusion 
flames.  The  primary  experiments  are  laminar  gas-jet 
diffusion  flames  burning  in  a  quiescent  environment 
containing  the  inhibitor  in  normal  and  microgravity.  Ex- 
periments were  conducted  with  CF2Br  mole  fractions 
in  the  oxidizer  gas  of  0.5%  to  3%,  CF3H  mole  fractions 
of  4%  to  12%,  oxygen  mole  fractions  from  18%  to  30%, 
and  ambient  pressures  of  101  kPa  and  25  kPa.  Addi- 
tional opposed-jet  counterflow  diffusion  flame  experi- 
ments were  used  to  investigate  flame  structures  ob- 
served in  the  microgravity  flames. 
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A  kinetic  mechanism  of  eight-some  reactions  for 
flames  in  mixtures  of  hydrogen  and  nitrogen  dioxide 
is  systematically  reduced  to  twenty-four-,  eleven-, 
seven-,  two-,  and  one-step  mechanisms.  The  numeri- 
cally predicted  burning  rates  for  the  full  mechanism  de- 
scribing a  near-stocichiometric  burner-stablized  flame 
at  a  pressure  of  25  torr,  and  final  temperature  of  2000 
K  are  compared  with  the  results  using  the  reduced 
mechanisms,  and  the  sources  of  inaccuracies  are 
identified. 
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A  study  of  fire  detection  methods  for  use  by  NASA  in 
protecting  their  high  bay  structures  is  presented.  A  high 
bay  structure  is  defined  in  this  study  as  a  structure  hav- 
ing a  ceiling  height  in  excess  of  18  m  (60  ft).  The  analy- 
sis conducted  in  this  study  dealt  with  prediction  of  the 
expected  performance  of  heat,  smoke,  and  radiation 
detection  systems  for  simulated  fires  of  the  type  ex- 
pected in  NASA  high  bay  facilities.  The  expected  per- 
formance of  smoke,  heat,  and  radiation  detectors  in 
simulated  fires  is  calculated  using  computer  modeling. 
The  results  of  this  analysis  will  aid  the  development 
of  fire  detection  strategies  for  high  bay  spaces. 
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The  scenario  of  interest  is  a  2-second  firing  of  a  rocket 
in  an  underground  enclosure  intended  to  mimic  the  ef- 
fect of  burning  a  high  temperature  accelerant  (HTA). 
Because  of  the  unusual  nature  of  the  problem,  at  least 
in  the  context  of  typical  fire  scenarios,  two  types  of  nu- 
merical models  have  been  applied  to  the  problem.  The 
first,  a  zone  model,  divides  each  room  in  the  enclosure 
into  one  or  two  control  volumes,  and  the  transport  of 
mass  and  energy  from  the  burn  room  is  estimated  from 
the  basic  conservation  laws.  The  second  model,  a  field 
model  designed  for  relatively  low  Mach  number  flows, 
solves  the  conservation  equations  of  mass,  momen- 
tum and  energy  discretized  over  hundreds  of  thou- 
sands of  cells. 
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Experimental  measurements  of  extinghishment  times 
of  burning  solid  fuels  using  water  were  conducted 


using  a  prototype  micronozzle  array  and  a  piezo- 
electric droplet  generator.  Solid  fuels  considered  in- 
cluded solid  white  pine,  polymethyl  methacrylate,  and 
polystyrene  foam.  External  heat  flux  was  applied  to  the 
sample  surface  during  burning.  The  effects  of  drop 
size,  sample  orientation  with  respect  the  the  nozzle, 
and  nozzle  distance  from  the  sample  surface  on  extin- 
guishment time  were  examined.  The  extinguishment 
time  was  found  to  decrease  with  increasing  water  flow 
rate.  For  a  given  water  flow  rate,  significant  reduction 
in  extinguishment  time  decreased  when  the  nozzle 
was  positioned  further  from  the  sample  surface.  At  high 
flow  rates,  the  extinghishment  was  independent  of  the 
nozzle-to-sample  distance. 
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This  paper  describes  a  methdology  for  simulating  the 
transport  of  smoke  and  hot  gases  in  enclosures.  The 
approach  is  based  on  the  use  of  efficient  CFD  tech- 
niques and  high  performance  computers  to  solve  a 
form  of  the  Navier  Stokes  equations  specialized  to  the 
smoke  movement  problem.  The  fire  is  prescribed  in  a 
manner  consistent  with  a  mixture  fraction  based  ap- 
proach to  combustion,  but  the  combustion  phenomena 
themselves  are  not  simulated.  The  mixing  and  trans- 
port of  smoke  and  hot  gases  is  calculated  directly  from 
an  approximate  for  of  the  Navier  Stokes  equations. 
The  next  two  sections  give  a  brief  description  of  the 
mathematical  and  computational  aspects  of  the  model, 
while  the  final  section  illustrates  its  capability  with  sam- 
ple results  and  a  comparison  with  experiment. 
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Recent  movement  towards  performance  based  eval- 
uation of  building  safety  has  placed  a  premium  on 
demonstrating  the  accuracy  of  engineering  methods 
and  increased  the  demand  for  fire  performance  data 
from  large  scale  experiments.  Data  from  large  scale 
experiments  are  generally  the  basis  for  development 
and  evaluation  of  fire  models.  Verification  of  engineer- 
ing methods  for  prediction  of  fire  related  performance 
of  structures,  contents,  and  fire  protection  systems  has 
become  a  priority  need  to  support  the  development  of 
performance  based  codes  and  standards.  Generally  a 
great  impediment  to  model  verification  is  the  lack  of 
means  to  quantify  the  degree  of  agreement  between 
experiments  and  predictions  or  repeated  experiments. 
The  results  have  shown  that  modeling  of  building  fire 
flows  at  a  resolution  of  several  centimeters  is  feasible. 
The  advent  of  high  resolution  calculations  for  use  in 
fire  safety  analysis  has  increased  the  demand  for  high 
resolution  measurements  of  fire. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  has  conducted  a  study  with  office  work  stations 
to  examine  their  heat  release  rates  and  to  determine 
if  the  peak  heat  release  rate  for  a  work  station  can  be 
predicted  accurately  from  cone  calorimeter  results.  Fif- 
teen full  scale  fire  experiments  were  conducted.  Three 
types  of  work  station  panel  construction  and  three  work 
station  configurations  were  examined.  Preliminary  re- 
sults for  the  most  common  panel  construction,  fabric 
over  fiberglass  batting  with  a  6  mm  thick  hardboard 
core,  are  presented  here.  A  method  utilizing  the  peak 
heat  release  rate  from  the  cone  calorimeter  experi- 
ments has  been  used  successfully  to  predict  peak  heat 
release  rates  for  the  most  common  construction  work 
station. 
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The  study  was  conducted  to  investigate  the  response 
of  various  fire  detectors  and  automatic  sprinklers  in 
high  bay  aircraft  hangars.  Laboratory  and  full-scale  ex- 
periments as  well  as  computer  modeling  were  con- 
ducted to  better  understand  the  movement  of  heat  and 
products  of  combustion  in  high  bay  spaces.  Tempera- 
ture distribution  across  the  ceiling  was  measured  along 
with  the  response  of  various  types  of  fire  protection  de- 
vices as  a  function  of  fire  size,  fuel  type,  and  ventilation 
conditions.  Key  findings  are  presented  relating  to  de- 
tector spacing,  threshold  fire  sizes,  sprinkler  type  and 
temperature  ratings,  burn  rates,  heat  release  rates, 
and  the  effect  of  draft  curtains. 
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The  smoke  agglomerates  produced  by  a  co-annular 
diffusion  flame  with  acetylene  fuel  were  characterized 
by  sampling/microscopy  and  by  light  scattering  meas- 
urements. Particles  were  sampled  at  various  heights 
above  the  flame  using  both  thermophoretic  sampling 
and  impaction.  Transmission  electron  microscopy  was 
used  for  the  smaller  agglomerates  obtained  by 
thermophoretic  sampling  and  optical  microscopy  was 
used  for  analysis  of  particles  as  large  as  .4  mm  in  di- 
ameter collected  by  impaction.  The  number  of  primary 
spheres  was  estimated  from  the  projected  area  of  the 
agglomerate  and  the  primary  sphere  size.  The  fractal 
analysis  extended  over  four  orders  of  magnitude  in  the 
radius  of  gyration  -  the  widest  range  studied  for 
smokes. 
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The  principal  objective  of  the  research  is  to  clarify  the 
mechanisms  of  chemical  inhibition  of  methane-air  dif- 
fusion flames  by  CF3Br  and  CF3H.  An  experimental, 
numerical,  and  analytical  study  is  conducted.  An  as- 
ymptotic analysis  is  performed  to  characterize  the 
structure  and  critical  conditions  of  extinction  of  uninhib- 
ited methane-air  diffusion  flames.  This  analyses  is  ex- 
tended to  methane-air  diffusion  flames  inhibited  with 
CF3Br.  Critical  conditions  of  extinction  of  the  flame  are 
measured  over  a  wide  range  with  agents  added  to  the 
air  stream  and  to  the  fuel  stream.  Numerical  calcula- 
tions with  detailed  chemistry  are  performed  to  calculate 
the  structure  and  critical  conditions  of  flame  extinction. 
The  numerical  results  are  compared  with  the  measure- 
ments. 
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An  investigation  of  the  radiation  and  mixing  properties 
of  buoyant  turbulent  diffusion  flames  is  described.  The 
study  was  divided  into  two  phases:  (1)  the  optical  and 
radiative  properties  of  soot,  which  must  be  understood 
in  order  to  develop  nonintrusive  methods  for  measur- 
ing soot  properties  and  to  estimate  the  continuum  radi- 
ation properties  of  soot  in  flame  environments,  and  (2) 
the  structure  and  mixing  properties  of  buoyant  turbu- 
lent plumes,  which  must  be  understood  in  order  to  re- 
solve effects  of  turbulence/radiation  interactions  and  to 
benchmark  computationally  tractable  models  of  buoy- 
ant turbulent  flows. 
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Selected  reports:  Dropwise  Evaporative  Cooling;  Infra- 
red Thermography  of  Dropwise  Evaporative  Cooling; 
Evaporative  Cooling  Due  to  a  Gently  Deposited  Drop- 
let; Infrared  Thermography  of  Dropwise  Evaporative 
Cooling  of  a  Semi-Infinite  Solid  Subjected  to  Radiant 
Heat  Input;  Modeling  of  Dropwise  Evaporative  Cooling 
on  a  Semi-Infinite  Solid  Subjected  to  Radiant  Heat 
Input;  Multi-Droplet  Evaporative  Cooling:  Experimental 
Results;  Effect  of  Liquid-Solid  Contact  Angle  on  Drop- 
let Evaporation;  Effect  of  Dissolved  Gasses  on  Spray 
Evaporative  Cooling  With  Water;  and  Flooding  Cri- 
terion for  Evaporative  Cooling  on  Horizontal  Semi-Infi- 
nite Solids. 
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The  transport  of  droplets  in  a  pressure-atomized  ker- 
osene spray  flame  was  examined  using  a  two-compo- 


nent phase  Doppler  system  to  measure  the  droplet 
size  and  velocity  distributions  at  several  locations  with- 
in the  spray.  The  effect  of  combustion  on  droplet  trans- 
port was  examined  by  comparing  the  results  to  a 
nonburning  spray  under  similar  flow  conditions.  Direc- 
tions of  motion  of  droplets  are  calculated  from  the 
measured  droplet  velocity  components  to  provide  infor- 
mation on  trajectories  and  dispersion  of  droplets.  Re- 
sults show  that  combustion  reduces  the  strength  of  gas 
recirculation  as  evience  by  significantly  fewer  droplets 
being  transported  upstream  toward  the  nozzle  along 
the  centerline  for  the  burning  spray  as  compared  to  the 
nonburning  spray.  Combustion  enhances  droplet  va- 
porization and  results  in  reduced  number  density  and 
larger  droplet  mean  diameters  and  velocities  when 
compared  to  the  nonburning  spray.  At  the  spray  cen- 
terline there  is  a  wide  range  of  droplet  trajectories  that 
are  associated  with  recirculated  droplets  and  those 
originating  from  the  nozzle  There  is  some  correlation 
between  droplet  velocity  and  diameter.  Some  larger 
size  droplets  are  also  found  to  be  entrained  into  the 
recirculation  pattern.  At  the  spray  boundary,  few  drop- 
lets deviate  from  the  mean  direation.  Also,  droplet  ve- 
locity is  well  correlated  with  increasing  diameter  but  ap- 
pears to  approach  an  asymptotic  value  in  which  droplet 
velocity  becomes  insensitive  to  diameter. 
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Two  small-scale  test  apparatuses,  the  LIFT  apparatus 
and  the  Cone  Calorimeter  provide  ignitability,  flame 
spread,  and  heat  release  rate  data  for  combustible 
solid  materials.  Data  gathered  with  these  apparatuses 
can  be  reduced  to  a  limited  number  of  key  flammability 
or  fire  properties  for  a  particular  material.  These  key 
properties,  in  conjunction  with  the  appropriate  model- 
ling equations,  characterize  the  time  to  ignition,  flame 
spread  rate,  and  heat  release  rate  over  the  range  of 
applicable  heating  conditions  and  surface  tempera- 
tures likely  in  full-scale  fires.  These  key  properties  may 
be  used  as  input  parameters  in  a  fire  model  that  pre- 
dicts flame  spread  and  heat  release  rates  for  certain 
full-scale  fire  scenarios. 
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Ignition  delay  time,  lateral  flame  spread  and  upward 
flame  spread  data  were  gathered  on  a  composite  ma- 
terial (glass  fiber/organic  resin  type).  These  tests  were 
performed  at  the  request  of  the  Naval  Surface  Warfare 
Center.  The  Navy  desires  some  assessment  of  the 
flame  spread  characteristics  of  the  selected  composite; 
the  data  gathered  here  are  part  of  that  flame  spread 
characterization.  The  ignition  delay  time  and  lateral 
spread  results  were  obtained  with  the  LIFT  apparatus 
in  accordance  with  ASTM  E  1321.  The  upward  flame 
spread  tests  were  performed  using  an  experimental 
electrical  radiant  panel  apparatus. 
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A  general  description  of  the  interaction  of  sprinklers 
and  compartment-fire-generated  smoke  layers  is  pre- 
sented. Various  possible  aspects  of  the  interaction 
phenomena  (upper-layer  smoke  entrainment  into  the 
sprinkler  spray,  momentum  and  mass  exchange  be- 
tween droplets  and  entrained  gas,  gas  cooling  by 
evaporation,  buoyancy  effects,  and  others)  are  dis- 
cussed in  the  context  of  a  two-layer-type  description 
of  the  fire  environment.  The  inputs  and  outputs  for  a 
mathematical  submodel  which  simulates  the  phenom- 
ena are  discussed.  The  submodel  is  suitable  for  gen- 
eral use  in  any  two-layer,  zone-type  compartment  fire 
model.  Results  from  exercising  the  submodel  are  pre- 
sented. These  example  calculations  simulate  the  inter- 
action between  the  spray  of  a  real  sprinkler  device  and 
a  range  of  two-layer  fire  environments.  The  calcula- 
tions reveal  an  important  generic  interaction  phenome- 
non, namely,  an  abrupt  and  large  change  in  the  growth 
rate  of  the  upper  layer  that  would  accompany  an  in- 
crease in  upper-layer  thickness  beyond  a  critical  thick- 
ness (for  a  given  upper-layer  temperature)  or  an  in- 
crease in  upper-layer  temperature  beyond  a  critical 
temperature  (for  a  given  upper-layer  thickness).  Ex- 
ceeding these  critical  values  would  lead  to  a  very  large 
rate  of  growh  of  upper  layer  thickness,  a  growth  that 
could  lead  to  rapid  and  complete  smoke  filling  of  even 
the  largest  compartments  of  fire  origin. 

07,433 

PB97-1 1 0357       Not  available  NTI S 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Fire  Safety  Engineering  Div. 
Heat  Flux  from  Flames  to  Vertical  Surfaces. 

Final  rept. 

J.  G.  Quintiere,  and  T.  G.  Cleary.  1992,  10p. 
Pub.  in  American  Society  of  Mechanical  Engineers 
Winter  Annual  Meeting,  Anaheim,  CA.,  November 
1992, 10p. 

Keywords:  "Heat  flux,  "Flames,  "Vertical  surfaces, 
Walls,  Corners,  Dimensional  analysis,  Reprints. 

Dimensional  analysis  is  used  to  examine  heat  transfer 
from  flames  to  vertical  surfaces.  Configurations  include 
a  line  fire  against  a  wall,  a  square  burner  flame  against 
a  wall  and  in  a  corner,  and  window  flames  impinging 
on  a  wall.  Dimensionless  parameters  that  affect  flame 
heat  flux  include  x/l(f),  y/D,  l(f)/D,  and  kD  where  x  is 
vertical  distance,  y  is  horizontal  distance,  l(f)  if  flame 
length,  D  is  burner  dimension,  and  k  is  the  flame  ab- 
sorption coefficient.  Only  the  effect  of  these  variables 
is  shown;  no  general  correlation  is  developed,  and 
more  data  are  needed. 
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A  principal  objective  of  the  NIST  Fire  Research  Pro- 
gram is  supporting  the  development  by  U.S.  manufac- 
turers of  a  new  generation  of  buiding  and  furnishing 
materials  and  products  that  contribute  less  to  a  fire, 
maintain  their  fire  safety  performance  over  the  product 
life,  and  are  environmentally  friendly.  The  paper  de- 
scribes the  NIST  roles  in  fire  safety  science  and  engi- 
neering, as  well  as  research  projects  currently  under- 
way on  less  fire-prone  materials  and  products. 
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The  paper  presents  time-dependent  numerical  simula- 
tions of  both  steady  and  time-varying  CH4/air  diffusion 
flames  to  examine  the  differences  in  combustion  condi- 
tions which  lead  to  the  observed  enhancement  in  soot 
production  in  the  flickering  flames.  The  numerical 
model  solves  the  two-dimensional,  time-dependent  re- 
active-flow Navier-Stokes  equations  coupled  with 
submodels  for  soot  formation  and  radiation  transport. 
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Gravity  currents  (GC)  are  important  physical  phenom- 
ena which  transport  smoke  and  hot  gases  in  corridors 
of  buildings.  In  the  paper,  they  are  studied  using  large 
eddy  simulations  (LES).  The  transient  Navier-Stokes 
(N-S)  equations  are  numerically  integrated  with  very 
high  resolution,  in  two  dimensions  and  with  high  reso- 
lution in  three  dimensions.  The  LES  computations  re- 
quire no  adjustable  parameters,  and  are  found  to  agree 
well  with  available  experimental  results  in  the  absence 
of  heat  transfer. 
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Fiber-reinforced  polymer  composites  offer  the  U.S. 
military  the  potential  for  significant  reductions  in  weight 
and  signatures.  Current  seaborne  applications  of  com- 
posite materials  in  the  U.S.  Navy  include  sonar  bow 
domes  and  windows,  and  coastal  minehunter  MHC-51 
hulls.  The  U.S.  navy  is  also  evaluating  composite  ma- 
terials of  both  primary  and  secondary  load-bearing 
structures  such  as  foundations,  deckhouses,  and  hulls; 
machinery  components  such  as  composite  piping, 
valves,  centrifugal  pumps,  and  heat  exchangers;  and 
auxiliary  or  support  items  such  as  gratings,  stanchions, 
ventilation  ducts,  and  screens.  This  new  interest  in 
composite  materials  is  due  to  increased  need  for  a  cor- 
rosion-free, lightweight,  and  affordable  low-cost  alter- 
native to  metallic  components.  The  U.S.  Army  is  evalu- 
ating composite  combat  vehicles  and  the  U.S.  Air 
Force  has  taken  the  lead  in  transitioning  composite 
technology  to  military  advantage  as  evidenced  by  su- 
perior performance  of  the  Stealth  Fighter. 
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Concentration  profiles  have  been  measured  for  natu- 
rally occurring  NO  in  a  laminar  CH4/air  diffusion  flame 
burning  on  a  rectilinear  Wolfhard-Parker  slot  burner  at 
atmospheric  pressure.  The  observed  fluorescence  sig- 
nals have  been  corrected  for  (1)  the  Boltzmann  popu- 
lation in  the  R(sub  1)  rotational  level  of  the  ground 
vibronic  state  and  (2)  collisional  quenching  rates  as  a 
function  of  the  local  temperature  and  collider  con- 
centrations. A  reaction  path  analysis  and  determination 
of  NO  fluxes  strongly  indicate  that  prompt  NO  produc- 
tion outweights  the  thermal  route,  but  uncertainties  in 
determining  the  relative  contributions  to  instantaneous 
NO  production  are  large. 
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At  the  request  of  the  Office  of  Defects  Investigation 
(ODI)  of  the  National  Highway  Traffic  Safety  Adminis- 
tration (NHTSA),  the  Building  and  Fire  Research  Lab- 
oratory (BFRL)  of  the  National  Institute  of  Standards 
and  Technology  (NIST)  analyzed  data  from  vehicle  col- 
lision tests  and  tank  crush  tests  to  provide  an  assess- 
ment of  the  effect  of  tank  rupture  mode  on  the  ignit- 
ability  of  expelled  fuel  for  two  different  ignition  sce- 
narios: compression  of  a  tank,  resulting  in  increased 
internal  pressure  and  rapid,  violent  expulsion  of  the 
gasoline  as  a  result  of  a  puncture  or  rupture;  and  sim- 
ple puncture  of  a  vehicle  fuel  tank,  resulting  in  gasoline 
drainage.  For  the  work,  ODI/NHTSA  provided  NIST 
with:  video  tapes  of  the  tank  crush  tests  and  video 
tapes  and  high-speed  film  of  two  high  speed  vehicle 
collision  tests  (one  of  the  latter  resulted  in  violent  ex- 
pulsion of  fluid;  the  other  in  fuel  tank  puncture  and  fluid 
drainage);  estimates  of  the  fuel  dispersion  from  the 
tank  crush  tests  and  the  vehicle  collision  tests;  and  a 
list  of  potential  ignition  sources  and  their  locations  on 
the  vehicle  of  interest. 
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Application  of  thermal  barrier  coatings  deposited  by 
thermal  spray,  physical  vapor  and  possibly  other  meth- 
ods is  expected  to  be  extended  from  aircraft  gas  tur- 
bines to  industrial  and  utility  gas  turbines  as  well  as 
diesel  engines.  This  increased  usage  implies  the  par- 
ticipation of  greater  numbers  of  processors  and  users, 
making  the  availability  of  standards  for  process  control 
and  property  measurement  more  important.  Available 
standards  for  processing  and  evaluation  of  thermal 
barrier  coatings  are  identified  as  well  as  those  needed 
in  the  future  but  currently  unavailable. 
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Titanium,  an  important  structural  metal,  readily  ab- 
sorbs hydrogen.  Since  the  presence  of  trace  amounts 
of  hydrogen  causes  embrittlement  in  metals,  a  reliable 
nondestructive  method  of  measuring  hydrogen  in  tita- 
nium is  much  needed.  We  have  found  cold  neutron 
capture  prompt  gamma-ray  activation  analysis 
(CNPGAA)  to  be  ideal  for  the  measurement  of  trace 
amounts  of  hydrogen.  The  technique  is  nondestructive, 
gives  bulk  analyses,  the  results  are  independent  of  the 
chemical  form  of  the  element  being  measured,  and  the 
hydrogen  peak  is  interference  free.  The  detection  limit 
for  hydrogen  in  titanium  and  its  alloys  is  near  100  mg/ 
kg.  We  have  used  CNPGAA  to  measure  hydrogen  in 
two  titanium  alloy  jet  engine  compressor  blades  from 
an  engine  in  which  a  blade  had  failed  during  service. 
While  H  concentrations  in  one  blade  were  nearly  uni- 
form (approximately  200  mg/kg  Ti)  at  all  points  meas- 
ured, H  concentrations  in  the  second  blade  ranged 
from  140  to  750  mg/kg  Ti,  with  greater  H  concentra- 
tions toward  the  edges  of  the  blade  than  in  the  interior. 
Analysis  of  three  cross  sections,  cut  from  different  re- 
gions of  another  blade,  showed  a  similar  concentration 
gradient. 


Reciprocation  &  Rotating  Combustion 
Engines 

01,449 

PB94-172103       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (NEL), 
Gaithersburg,  MD.  Chemical  Process  Metrology  Div. 
Thin  Film  Thermocouples  for  Measurement  of  Wall 
Temperatures  in  Internal  Combustion  Engines. 
Final  rept. 

D.  Burgess,  M.  Yust,  and  K.  Kreider.  1990,  6p. 
Pub.  in  Proceedings  of  American  Institute  of  Aero- 
nautics and  Astronautics/American  Society  of  Mechan- 
ical Engineers  Thermophysics  and  Heat  Transfer  Con- 
ference, Seattle,  WA.,  June  18-20, 1990,  p43-48. 

Keywords:  "Thermocouples,  "Thermal  conductions, 
"Internal  combustion  engines,  Ceramics,  Heat  flux. 


01,449 


173 


COMBUSTION,  ENGINES,  &  PROPELLANTS 
Reciprocation  &  Rotating  Combustion  Engines 


Thin  films,  Lasers,  Temperature  measuring  instru- 
ments, Zirconium  oxides,  Aluminum  oxide,  Thermal 
diffusion,  Reprints,  Zirconia,  Alumina. 

The  transient  temperature  response  of  thin  film 
thermocouples  (TFTC)  was  measured  using  a  pulsed 
laser  heating  technique.  Pt/Pt-10%  Rh,  Pt/Au,  and 
In203/In203-Sn02  (ITO)  TFTC's  with  thicknesses 
ranging  from  0.4  to  28  microns  were  fabricated  by  sput- 
ter deposition  on  alumina,  plasma-sprayed  zirconia, 
and  Min-K  2000  substrates.  The  zirconia  TFTC's  are 
used  in  plugs  for  determination  of  the  wall  heat  flux  in 
internal  combustion  engines.  The  thermocouple  output 
of  the  TFTC's  was  measured  as  a  function  of  time  fol- 
lowing irradiation-heating  of  the  thermocouple  junction 
by  a  12  ns  laser  pulse.  The  magnitude  of  the  tempera- 
ture jump  (thermocouple  output)  and  the  temporal  re- 
sponse of  the  TFTCs  were  found  to  be  consistent  with 
those  predicted  from  a  solution  to  the  heat  conduction 
equation.  This  model  assumes  that  the  heat  flow  is 
one-dimensional  and  that  the  film  is  thick  compared  to 
the  thermal  diffusion  length  during  the  laser  heating 
pulse.  For  example,  it  was  found  that  TFTCs  with  nomi- 
nal 4  micron  thick  junctions  has  temperature  decay 
times  of  about  5  microseconds,  60  microseconds,  and 
20  ms  for  alumina,  zirconia,  and  Min-K  2000  sub- 
strates, respectively.  These  results  are  related  to  simi- 
lar work  using  thin  film  resistance  sensors  and  to 
measurements  of  the  frequency  response  of  TFTCs 
using  an  intensity  modulated  laser  heating  method. 
The  fabrication  of  the  TFTCs  and  the  utility  of  heat  flux 
sensors  in  internal  combustion  engines  are  discussed. 
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The  purpose  of  the  work  summarized  in  this  report  was 
to  obtain  a  basic  understanding  of  the  factors  which 
are  responsible  for  wear  of  the  piston  ring  and  cylinder 
wall  surfaces  in  diesel  engines  utilizing  coal-fuel.  The 
approach  included  analytical  studies  using  scanning 
electron  microscopy  and  energy  dispersive  x-ray  anal- 
yses to  characterize  coal-fuel  and  various  combustion 
particles,  and  two  different  wear  tests.  The  wear  tests 
were  a  modified  pin-on-disk  test  and  a  block-on-ring 
test  capable  of  either  unidirectional  or  reciprocating-ro- 
tational  sliding.  The  wear  tests  in  general  were  con- 
ducted with  mixtures  of  the  particles  and  lubricating  oil. 
The  particles  studied  included  coal-fuel,  particles  re- 
sulting from  the  combustion  of  coal  fuel,  mineral  matter 
extracted  during  the  processing  of  coal,  and  several 
other  common  abrasive  particle  types  among  which 
quartz  was  the  most  extensively  examined.  The  vari- 
ables studied  included  those  associated  with  the  par- 
ticles, such  as  particle  type,  size,  and  hardness;  vari- 
ables related  to  contact  conditions  and  the  surrounding 
environment;  and  variables  related  to  the  type  and 
properties  of  the  test  specimen  materials. 
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A  new  laboratory  bench  test,  using  the  technique  of 
pressurized  differential  scanning  calorimetry  (PDSC), 


has  been  developed  to  evaluate  deposit  forming  tend- 
ency for  liquid  lubricants.  This  method,  called  'PDSC 
two-peak  method',  attempts  to  simulate  deposit  forma- 
tion mechanism  in  an  engine  by  heating  thin  films  of 
oil  on  steel  discs  in  an  oxidative  atmosphere.  In  this 
paper,  the  development  and  optimization  of  the  two- 
peak  test  procedure  are  described.  The  test  was  evalu- 
ated by  characterizing  the  deposit  forming  tendencies 
of  five  liquid  lubricants.  The  deposit  performance  rank- 
ing for  the  five  oils  obtained  from  this  new  test  method 
was  consistent  with  engine  test  ranking. 
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The  ability  to  determine  the  deposit  forming  tendencies 
of  lubricants  utilizing  a  newly  developed  laboratory 
bench  method  was  established  using  three  individual 
sets  of  lubricants.  The  'Two-Peak  Method'  was  devel- 
oped at  NIST  using  a  pressurized  differential  scanning 
calorimeter  and  a  unique  sample  pan.  The  method  is 
described  and  repeatability  between  operators  is  dem- 
onstrated. The  oils  used  in  the  study  were  evaluated 
in  engine  oil  performance  tests,  or  field  tests,  by  the 
cooperating  laboratories.  For  each  set  of  oils  highly 
correlatable  results  between  the  two-peak  method  and 
the  engine  performance  tests  were  obtained.  Several 
reference  oils  were  included  in  each  set  of  samples  to 
show  agreement  between  the  three  sets  of  samples. 
The  method  can  be  used  to  predict  top  land  deposits 
that  result  increased  oil  consumption  in  different  types 
of  diesel  engines. 
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Previous  work  has  shown  that  vortex  shedding 
flowmeters  can  measure  flow  in  the  Space  Shuttle 
Main  Engines  (SSME)  liquid  oxygen  ducts  under  the 
extreme  conditions  found  there  and  without  any  up- 
stream flow  conditioning.  Though  measurement  of  liq- 
uid flow  in  the  28  mm  (1.1  in.)  duct  is  more  difficult, 
recent  tests  have  shown  vortex  shedders  can  make 
this  measurement  also.  An  encapsulated  sensor  de- 
sign is  presented  and  vortex  shedding  flowmeters  for 
selected  fuel  ducts  are  discussed.  A  hydrogen  gas  test 
facility  is  needed  to  complete  development  of  gas  me- 
ters because  of  the  high  velocities  found  in  the  fuel 
ducts. 
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The  publication  defines  the  generic  protocols  nec- 
essary to  establish  transparent  Integrated  Services 
Digital  Network  (ISDN)  connections  among  govern- 
ment networks  and  between  government  and 
conformant  common  carrier  networks.  This  FIPS  pro- 
vides a  minimal  set  of  bearer  services,  and  is  based 
on  national  standards,  international  standards,  and  im- 
plementation agreements  developed  by  the  North 
American  ISDN  Users'  Forum  (NIUF).  Future  versions 
of  this  FIPS  will  provide  protocols  for  additional  serv- 
ices, teteservices  and  applications.  This  standard  sup- 
ports a  range  of  integrated  services  including  voice, 
data,  image,  and  video  services. 
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This  standard,  by  adoption  of  ANSI/TIA/EIA-606-1993, 
Administration  Standard  for  the  Telecommunications 
Infrastructure  of  Commercial  Buildings,  specifies  the 
administrative  requirements  of  the  telecommunications 
infrastructure  within  a  new,  existing,  or  renovated  office 
building  or  campus.  Telecommunications  infrastructure 
can  be  thought  of  as  the  collection  of  those  compo- 
nents (telecommunications  equipment  spaces,  cable 
pathways,  grounding,  wiring,  and  termination  hard- 
ware) that  provide  the  basic  support  for  the  distribution 
of  all  information  within  a  building  or  campus.  Adminis- 
tration of  telecommunications  includes  documentation 
(record-keeping,  drawings,  labeling,  etc.)  of  tele- 
communications outlet  boxes,  connectors,  cables,  ter- 
mination hardware,  patching  and  cross-connect  facili- 
ties, conduits,  other  cable  pathways,  telecommuni- 
cations closets,  and  other  spaces. 
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The  article  describes  the  technology  trends  for  tele- 
communications and  their  impact  on  the  services  pro- 
vided to  the  user.  The  impact  of  divestiture,  together 


with  the  advancement  of  some  enabling  technologies, 
is  leading  to  a  rapid  diversification  of  the  telecommuni- 
cation industry.  The  diversification  is  the  subject  of  the 
study  that  summarizes  trends  in  a  historic  perspective. 
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merce, Risk  assessment,  Documents,  Data  manage- 
ment, Access  control.  Cryptography,  Authentication, 
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Electronic  commerce  (EC)  is  the  use  of  documents  in 
electronic  form,  rather  than  paper,  for  carrying  out 
functions  of  business  or  government  that  require  inter- 
change of  information,  obligations,  or  monetary  value 
between  organizations.  Electronic  data  interchange 
(EDI)  is  the  computer-to-computer  transmission  of 
strictly  formatted  messages  that  can  represent  docu- 
ments; EDI  is  an  essential  component  of  EC.  With  EC, 
human  participation  in  routine  transaction  processing 
is  limited  or  non-existent.  Transactions  are  processed 
and  decisions  are  made  more  rapidly,  leaving  much 
less  time  to  detect  and  correct  errors.  This  report  pre- 
sents security  procedures  and  techniques  (which  en- 
compass internal  controls  and  checks)  that  constitute 
good  practice  in  the  design,  development,  testing  and 
operation  of  EC  systems.  Principles  of  risk  manage- 
ment and  definition  of  parameters  for  quantitative  risk 
assessments  are  provided.  The  content  of  the  trading 
partner  agreement  is  discussed,  and  the  components 
of  EC,  including  the  network(s)  connecting  the  part- 
ners, are  described.  Some  security  techniques  consid- 
ered include  audit  trails,  contingency  planning,  use  of 
acknowledgments,  electronic  document  management, 
activities  of  supporting  networks,  user  access  controls 
to  systems  and  networks,  and  cryptographic  tech- 
niques for  authentication  and  confidentiality. 
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This  paper  presents  an  overview  of  issues  related  to 
the  traffic  management  for  the  Broadband  Integrated 
Services  Digital  Networks  (B-ISDN).  B-ISDN  is  an 
emerging  high  bandwidth  telecommunications  infra- 
structure with  transmission  speeds  in  the  range  of 
mega-bit  to  giga-bits  per  second.  This  paper  first  ana- 
lyzes traffic  profiles  in  a  B-ISDN  environment  and  their 
impact  on  traffic  management.  It  then  presents  an 
overview  of  traffic  management  for  existing  commu- 
nications protocols,  and  discusses,  in  depth,  how  it  can 
be  applied  to  the  B-ISDN  environment.  Finally,  the 
paper  gives  a  brief  review  of  the  current  work  on  B- 
ISDN  traffic  management  by  the  National  Accredited 
Standards  Committee  T1  and  the  International  Tele- 
graph and  Telephone  Consultative  Committee 
(CCITT). 
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A  key  to  increasing  software  producibility  in  the  devel- 
opment of  large,  reliable  software  applications  is  the 
systematic  reuse  of  existing  software  products.  Do- 
main analysis  is  a  pivotal  technique  for  developing  re- 
usable products  that  can  be  used  to  engineer  software 
systems.  The  Domain  Analysis  Case  Study  was  cre- 
ated to  investigate  domain  analysis  methods.  This  re- 
port is  a  product  of  the  Domain  Analysis  Case  Study. 
This  report  describes  the  application  of  the  first  phase 
of  a  domain  analysis  effort  to  the  domain  of  network 
management  systems-software  systems  that  manage 
communications  networks.  The  first  phase  of  the  do- 
main analysis  process  is  called  the  context  analysis 
phase. 
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This  document  compiles  the  existing  North  American 
Integrated  Services  Digital  Network  (ISDN)  Users' 
Forum  (NIUF)  agreements  for  an  ISDN  developed  and 
approved  in  the  NIUF  as  of  October  1992.  New  agree- 
ments superseded  or  added  during  1992  cover  Layer 
1  BRI  at  the  U,  and  SfT  reference  points.  In  addition, 
this  document  references  the  Conformance  tests 
which  have  been  completed  by  the  NIUF.  These  in- 
clude: Layer  3  BRI,  Layer  2  BRI,  PRI  at  the  U  reference 
point,  and  PRI  at  the  U/S/T  reference  points.  Finally, 
this  document  contains  the  Application  Profiles  for:  Se- 
cure Voice  Mail;  Data  Conferencing-Multi-Point;  ISDN 
Telephone  Workstation  Integration;  Engineering 
Workstation  Interface;  and  the  Remote  Agent  Applica- 
tion Profile. 
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This  document  records,  in  replacement  page  format, 
all  changes  to  stable  material  current  (according  to 
Version  and  Edition  number)  as  of  the  end  of  the  June 
Workshop.  In  this  case,  that  would  be  NIST  SP  500- 
177,  Version  3,  Edition  1  with  previous  Change  Pages 
incorporated.  By  following  the  instructions  and  replac- 
ing or  inserting  the  indicated  pages,  text  will  be  created 
which  reflects  the  current  status  of  relevant  stable  ma- 
terial as  of  September  1 4, 1 990. 
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The  NIUF  is  pleased  to  present  the  Second  Edition  of 
its  ISDN  Solutions  Catalog.  The  purpose  of  the  Second 
Edition  remains  the  same  as  the  first,  to  make  it  easier 
for  vendors  to  develop  and  support  ISDN  applications 
and  for  users  to  understand  and  install  them.  In  Feb- 
ruary of  1993,  the  NIUF  authorized  work  on  this  Sec- 
ond Edition.  It  provides  a  more  robust  set  of  solutions 
in  Section  3,  and  adds  Section  2  for  the  'decision 
maker1,  who  must  decide  whether  to  use  ISDN.  Many 
other  refinements  were  made.  The  scope  is  essentially 
the  same  as  the  First  Edition,  with  additional  coverage 
of  National  ISDN-2.  New  solutions  in  the  Catalog  cover 
National  ISDN-2,  especially  Primary  Rate.  Of  course, 
changes  in  products  and  services  are  tracked  through 
an  updated  chapter  of  product  information. 
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A  brief  history  and  technical  discussion  of 
videoconferencing  is  presented  along  with  the  proc- 
esses that  are  required  in  order  to  evaluate  the  need 
for  a  videoconferencing  system.  Guidance  is  provided 
for  the  evaluation,  selection,  purchase,  installation,  and 
use  of  various  options  and  system  types.  Communica- 
tion and  physical  requirements  are  discussed  with  re- 
spect to  each  of  the  most  common  systems  that  are 
currently  available.  Personnel  training  and  site  prepa- 
ration requirements  are  also  developed. 
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The  document  is  intended  to  provide  information,  as 
a  supplement  to  the  abstract  test  suites,  to  allow  con- 
formance to  both  the  Bellcore  National  ISDN-1  (NI-1) 
and  North  American  ISDN  Users'  Forum  (NIUF) 
NIU.301  specifications  for  the  ISDN  Layer  3  Basic  Rate 
Interface  for  Basic  Call  Control  (user-side).  It  was  de- 
veloped to  guide  implementors  in  the  design  of  cus- 
tomer premises  equipment  in  a  manner  which  would 
allow  them  to  pass  both  the  NI-1  and  NIUF  conform- 
ance tests.  It  may  also  be  useful  to  vendors  of  test 
equipment,  government  procurement  agents,  and  test- 
ing laboratories. 
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Nakassis,  K.  Olsen,  M.  Ransom,  J.  Wack,  S.  Chang, 
and  R.  Kuhn.  Jul  94,  290p,  NIST/SP-800/7. 
Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03276-0.  Sponsored  by  National  Communications 
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Keywords:  'Telecommunication,  'Applications 
programs(Computers),  'Computer  security,  Stand- 
ards, Software  engineering,  Operating 
systems(Computers),  UNIX(Operating  system),  Speci- 
fications, Cryptography,  Man  computer  interface,  Com- 
puter networks,  Open  systems,  US  NIST,  PSN(Public 
Switched  Network),  POSIX(Portable  Operating  Sys- 
tem Interface). 

The  report  is  intended  to  provide  information  for  the 
practicing  programmer  involved  in  development  of  tele- 
communications application  software.  It  provides  infor- 
mation on  building  security  into  software  based  on 
open  system  platforms.  It  is  not  intended  to  be  tutorial 
in  nature  and  assumes  some  knowledge  of  open  sys- 
tems and  UNIX.  It  covers  the  following  topics:  Portable 
Operating  System  Interface  (POSIX)  Open  System  En- 
vironment; Functional  Requirements  Specifications  for 
Computer  Security;  POSIX  Security  Interfaces  and 
Mechanisms;  Standard  Cryptographic  Service  Calls; 
Human/Computer  Interaction  Services  Security;  the  X 
Window  System;  SQL;  Network  Security  Threats;  Im- 
proving Security  in  a  Network  Environment;  X.400 
Message  Handling  Services;  X.500  Directory  Services. 
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Development  of  the  National  Information  Infrastructure 
(Nil)  will  depend  upon  building  vast  networks  on  the 
interconnected  computers  communicating  over  high- 
speed digital  lines.  This  paper  describes  the  growth  of 
the  Nil  concept  and  proposes  a  model-the  Information 
Technology  Engineering  and  Measurement  (ITEM) 
model-that  may  be  useful  in  describing  the  set  of  serv- 
ices an  operational  Nil  may  contain. 
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The  National  Wireless  Performance  Benchmarking 
Program  seeks  to  provide  tools,  performance  metrics, 
methodologies  and  testbed  facilities  to  the  wireless  in- 
dustry and  users,  so  as  to  allow  consistent  and  impar- 
tial performance  measurement  of  wireless  communica- 
tion systems.  As  a  part  of  this  program,  a  research  pro- 
gram is  currently  being  undertaken,  in  which  the  mobile 
radio  channel  effects  on  Code  Excited  Linear  Pre- 
diction (CELP)  encodes  speech  data  are  studied.  This 
research  uses  software  simulations  to  test  the  various 
algorithms  and  evaluate  their  performance.  This  report 
provides  a  detailed  description  of  the  tests  performed 
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in  this  study,  including  bit  error  and  bit  protection  sen- 
sitivity tests  as  well  as  various  error  correction  code 
tests.  It  also  evaluates  different  error  correction  codes 
for  use  for  channel  coding  of  wireless  communication 
systems. 
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The  Slant  Path  Atmospheric  Refraction  Calibrator, 
SPARC,  has  been  developed  to  measure  the  water 
vapor  induced  propagation  delay  experienced  by  a 
radio  signal  traversing  the  atmosphere.  SPARC  meas- 
ures the  difference  in  the  travel  times  between  an  opti- 
cal and  a  microwave  signal  propagating  along  the 
same  atmospheric  path.  Since  the  refractivity  of  dry  air 
is  similar  for  both  the  microwave  and  optical  signals, 
the  difference  in  arrival  times  is  a  sensitive  measure 
of  the  water  vapor  induced  microwave  delay.  The  in- 
strument is  capable  of  measuring  the  difference  in  the 
optical  and  microwave  travel  times  with  an  accuracy 
of  15  ps  or  better.  SPARC  was  developed  to  provide 
an  accurate,  independent  method  for  evaluating  other 
techniques  used  to  determine  the  atmospheric  water 
vapor  induced  delay.  The  theoretical  and  experimental 
issues  involved  in  making  measurements  of  the  delay 
induced  by  water  vapor  are  discussed.  Measurements 
along  a  13.35-km  ground-based  path  are  presented, 
which  will  illustrate  the  instrument's  stability,  precision, 
and  accuracy. 
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This  paper  describes  the  interconnection  of  a  user  to 
a  local  area  network  (LAN)  across  a  wide  area  using 
an  Integrated  Services  Digital  Network  (ISDN).  This 
interconnection  enables  users  to  access  remote  appli- 
cations and  services  as  though  they  were  local  to  the 
user. 
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Advances  in  communication  networks  have  increased 
the  complexity  of  communications  protocols  and  inter- 
faces significantly,  and  correct  interpretation  of  stand- 
ards has  become  a  critical  issue  in  ensuring  interoper- 
ability of  equipments  from  different  vendors.  The  chal- 
lenge to  the  telephony  industry  in  providing  high  quality 
Integrated  Services  Digital  Network  (ISDN)  service  and 


interoperable  ISDN  products  is  unprecedented,  as  the 
ISDN  protocols  and  interfaces  are  very  complex  and 
more  open  in  terms  of  how  services  are  to  be  provided. 
Conformance  testing  is  a  fundamental  task  in  meeting 
this  challenge. 
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This  paper  emphasizes  some  key  data  processing  ap- 
plications to  be  used  in  conjunction  with  the  voice  and 
facsimile  services  as  a  platform  for  deploying  Inte- 
grated Services  Digital  Network  (ISDN)  in  North  Amer- 
ica. Special  emphasis  is  placed  on  the  emerging  stand- 
ards of  both  ANSI  T1  and  X3  in  an  attempt  to  har- 
monize the  computer  and  telecommunication  indus- 
tries towards  providing  the  user  with  an  integrated  plat- 
form that  is  vendor  transparent  and  ubiquitous.  This 
generic  platform,  which  spans  a  large  sector  of  busi- 
nesses, is  only  presented  as  a  base  context  for  defin- 
ing user  specific  needs  and  incubating  the  applications 
that  directly  relate  to  businesses.  Distributed  Trans- 
action Processing,  Electronic  Data  Interchange,  Infor- 
mation Retrieval,  Electronic  Mail,  and  File  Transfer  to- 
gether with  seven  supplementary  services  for  voice 
and  G4  facsimile  are  proposed  for  ISDN  deployment 
in  the  marketplace.  This  paper,  therefore,  describes 
how  the  relevant  standards  may  be  exercised  via  the 
various  ISDN  channels  and  emphasizes  the  value  of 
the  North  American  ISDN  Users'  Forum  for  commer- 
cializing this  platform. 
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Standards  being  developed  at  the  National  Institute  of 
Standards  and  Technology  support  the  following  pa- 
rameters of  interest  to  lightwave  communications:  opti- 
cal fiber  geometry,  optical  fiber  chromatic  dispersion, 
absolute  optical  power,  high  speed  detector  frequency 
response,  and  wavelength. 
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This  paper  gives  complete  procurement  and  usage 
guidance  to  acquisition  of  asynchronous  transfer  mode 
(ATM)  technology.  ATM  uses  a  high-speed  cell  switch- 
ing technology  to  move  data  rapidly  between  distinct 
end  points. 
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The  Public  Switched  Network  (PSN)  provides  National 
Security  and  Emergency  Preparedness  (NS/EP)  tele- 
communications. Service  vendors,  equipment  manu- 
facturers, and  the  federal  government  are  concerned 
that  vulnerabilities  in  the  PSN  could  be  exploited  and 
result  in  disruptions  or  degradation  of  service.  The  Na- 
tional Institute  of  Standards  and  Technology  (NIST)  is 
investigating  the  vulnerabilities  and  related  security  is- 
sues that  result  from  use  of  the  Federal  Communica- 
tions Commission's  (FCC's)  Open  Network  Architec- 
ture (ONA).  This  report  provides  an  overview  of  ONA, 
describes  NS/EP  telecommunications  security  con- 
cerns, and  describes  NS/EP  telecommunications  se- 
curity concerns  that  the  FCC's  ONA  requirement  intro- 
duces into  the  PSN. 
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The  report  has  been  prepared  for  the  13th  RWS-CC 
Meeting  held  in  Osaka,  Japan,  March  7-8,  1995.  It  de- 
scribes the  various  elements  of  an  electronic  workshop 
and  provides  a  list  of  capabilities  needed  to  operate 
one.  The  primary  elements  of  an  electronic  workshop 
include  use  of  the  Internet  for  basic  communications 
such  as  electronic  mail  and  public  forums  and  publica- 
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tion  and  distribution  of  publications  using  computer 
based  media  such  as  Info  Servers  and  CD  ROM  tech- 
nology. The  necessary  prerequisites  for  establishing 
an  electronic  workshop  are  discussed  along  with  policy 
and  procedures  that  must  be  put  into  plane.  Going 
electronic  in  the  operation  of  the  OSE  Implementors 
Workshop  has  meant  substantial  cost  savings  while 
improving  the  timeliness  and  accessibility  of  informa- 
tion to  the  public  and  members. 
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The  purpose  of  this  book  is  not  to  think  about  how  for- 
mal de  jure  standards  might  best  be  developed,  but 
to  consider  how  standards  work  as  a  dynamic,  living 
process--a  dialog  about  technology  and  how  limited 
common  implementations  of  technology  may  be  useful 
to  enable  interoperability  and  spur  market  develop- 
ment. The  test  lies  in  the  market  response  to  the  stand- 
ards process  and  its  expressions-reference  models, 
architectures,  draft  specifications,  or  standards-and  in 
the  further  response  of  the  standards  process  to  the 
market. 


01,486 

PB95-267993       PC  A06/MF  A02 
National  Inst,  of  Standards  and  Technology  (TS), 
Gaithersburg,  MD.  National  Voluntary  Lab.  Accredita- 
tion Program. 

National  Voluntary  Laboratory  Accreditation  Pro- 
gram. GOSIP:  Government  Open  Systems  Inter- 
connection Profile. 

Handbook. 

J.  Horlick,  S.  Nightingale,  and  J.  P.  Favreau.  Feb  95, 
120p,  NIST/HB-150/12. 
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Keywords:  "Computer  networks,  "Communication  net- 
works, "Message  processing.  Protocols,  File  manage- 
ment systems,  Data  transmission  systems,  Computer 
architecture,  Requirements,  Certification,  Procedures, 
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NIST  Handbook  150-12  presents  the  technical  require- 
ments of  the  National  Voluntary  Laboratory  Accredita- 
tion Program  (NVLAP)  for  the  GOSIP  -  Government 
Open  Systems  Interconnection  Profile  program.  It  is  in- 
tended for  information  and  use  by  staff  of  accredited 
laboratories,  those  laboratories  seeking  accreditation, 
other  laboratory  accreditation  systems,  of  laboratory 
services,  and  others  needing  information  on  the  re- 
quirements for  accreditation  under  the  GOSIP  pro- 
gram. 
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An  Asynchronous  Transfer  Mode  (ATM)  network  sim- 
ulator has  been  developed  to  provide  a  means  for  re- 
searchers and  network  planners  to  analyze  the  behav- 
ior of  ATM  networks  without  the  expense  of  building 
a  real  network.  The  simulator  is  a  tool  that  gives  the 
user  an  interactive  modeling  environment  with  a  graph- 


ical user  interface.  With  this  tool,  the  user  may  create 
different  network  topologies,  control  computer  param- 
eters, measure  network  activity,  and  log  data  from  sim- 
ulation runs.  Part  1  of  this  document  is  the  user's  man- 
ual for  the  simulator;  it  includes  instructions  for  creating 
network  configurations,  specifying  component  param- 
eters, manipulating  the  display,  logging  and  saving 
measurements,  and  post-processing  of  data.  Part  2 
has  been  prepared  as  a  guide  for  the  user  who  wishes 
to  modify  the  simulator  software  to  accommodate  net- 
work components  not  previously  defined  or  to  change 
the  behavior  of  components  already  defined. 
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The  U.S.  Administration  regards  the  development  of  a 
National  Information  Infrastructure  (Nli)  as  a  way  of 
putting  vast  amounts  of  information  at  the  fingertips  of 
users  in  America  and  around  the  world.  Digital  video 
services  are  likely  to  be  the  most  technically  demand- 
ing Nil  service.  Recognizing  this,  the  National  Institute 
of  Standards  and  Technology  (NIST),  the  Technology 
Policy  Working  Group  of  the  Administration's  Informa- 
tion Infrastructure  Task  Force  and  several  industrial  or- 
ganizations sponsored  a  recent  Workshop  to:  (1)  de- 
fine a  vision  of  the  role  of  digital  video  in  the  Nil;  (2) 
identify  the  architectural,  scaling,  and  performance  is- 
sues in  realizing  this  vision;  and  (3)  recommend  the 
research,  experiments,  and  other  steps  to  taken  to  re- 
solve these  issues. 
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Clamp  circuits  in  television  systems  adjust  the  black 
level  of  each  scan  line  to  a  reference  voltage  derived 
from  the  'back  porch'  of  the  T.V  signal.  If  the  TV  signal 
is  noisy,  then  the  derived  black  level  can  vary  from 
scan  line,  resulting  in  a  displayed  streaking  effect 
called  'clamp  noise.'  This  paper  reports  on  clamp  noise 
research  performed  on  a  video  processing 
supercomputer  at  the  National  Institute  of  Standards 
and  Technology  (NIST).  This  research  measured  the 
average  input  video  signal-to-noise  ratio  (SNR)  at 
which  human  observers  can  just  begin  to  perceive 
clamp  noise  against  a  background  of  moving  color  pic- 
tures. This  threshold  was  measured  as  a  function  of 
two  parameters:  two-dimensional  scintillation  noise 
due  to  broadband  video  noise,  and  the  time  constant 
of  the  clamp  circuitry.  These  results  may  give  TV  sys- 
tem designers  guidance  in  choosing  tradeoffs  between 
scintillation  noise  processing  and  clamp  noise  reduc- 
tion. 
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High-Resolution  Displays  are  essential  for  market  ac- 
ceptance of  advanced  video  systems  and  for  sophisti- 
cated exploitation  of  'the  information  age'.  Developing 
and  manufacturing  such  displays  will  require  advanced 
measurement  capabilities.  This  is  a  subject  that  inter- 
ests us  greatly  at  the  National  Institute  of  Standards 
and  Technology  (NIST),  where  the  development  of 
measurement  standards  and  their  application  to  indus- 
trial competitiveness  have  long  been  a  central  part  of 
the  authors'  mission. 
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A  Code  Division  Multiple  Access  (CDMA)  wireless  net- 
work is  simulated  to  analyze  errors,  determine  impact 
on  services,  and  provide  an  upper  bound  on  the  num- 
ber of  active  channels.  The  simulation  emphasizes  the 
encoder,  decoder/correlator,  and  a  threshold  detector; 
but  assumes  a  resultant  Gaussian  Function  for  the  'air 
interface'  noise.  Since  the  characteristics  of  a  wireless 
enviroment  vary  significantly,  we  examine,  as  a  whole, 
the  errors  on  the  received  signal  without  accounting  for 
specific  error  contributions  from  power,  fading,  propa- 
gation, interference  from  other  users,  and  other  factors 
in  such  environment.  The  CDMA  encoder  uses  the  64 
Walsh  codes  that  are  specified  in  the  draft  Wideband 
CDMA  Air  Interface  Compatibility  Standard  for  1.85  to 
1.99  GHz  PCS  Applications  (1).  We  use  a  digitized  ac- 
tual speech  database  to  test  for  the  intelligibility  of  the 
voice  service  over  such  a  CDMA  air  interface.  There- 
fore, we  are  able  to  learn  about  the  nature  of  the  errors 
inherent  in  such  a  frequency  spreading  technique  and 
also  determine  an  upper  bound  on  the  Simultaneous 
active  channels  that  would  preserve  the  quality  of  serv- 
ice (QOS). 
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This  report  provides  the  specific  information  required 
to  evaluate  the  Application  Software  Interface  (ASI)  as 
one  component  of  an  Open  System  Environment 
(OSE)  which  might  include  POSIX,  GOSIP,  and  other 
specifications  to  provide  the  functionality  necessary  to 
address  a  broad  range  of  federal  information  tech- 
nology requirements. 
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munications,  Application  programs(Computers),  Elec- 
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formats,  Software  protocols. 

A  variety  of  proprietary  systems  are  available  from 
commercial  vendors,  but  the  most  rapid  deployment  of 
electronic  document  distribution  has  been  by  systems 
on  the  Internet  using  software  based  on  open  stand- 
ards. This  report  describes  some  of  the  experiences 
of  the  Distributed  Systems  Engineering  Group  has  had 
employing  this  software. 
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We  discuss  how  the  information  highay  can  be  used 
to  support  electronic  access  standards  and  standards 
information.  We  then  show  how  a  network  of  collec- 
tions of  standards  and  standards  information  based  on 
an  Internet  architecture  can  be  viewed  as  a  'virtual  li- 
brary of  standards'  by  the  users,  while  allowing  stand- 
ards providers  to  control  and  maintain  the  ownership 
of  these  collections  on  a  set  of  heterogeneous 
databases.  Next,  we  focus  on  how  the  needs  of  users 
and  developers  can  be  supported  through  search  for 
standards  via  a  common  user  interface.  We  conclude 
with  some  thoughts  on  support  for  standards  develop- 
ment on  the  information  highway  and  other  related  is- 
sues. 
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In  recent  years,  we  have  developed  two  types  or  high 
resolution,  multi-channel  time  interval  counters.  In  the 
NIST  two-way  time  transfer  MODEM  application,  the 
counter  is  designed  for  operating  primarily  in  the  inter- 
rupt-driven  mode,  with  3  start  channels  and  3  stop 
channels.  The  intended  start  and  stop  signals  are  1 
PPS,  although  other  frequencies  can  also  be  applied 
to  start  and  stop  the  count.  The  time  interval  counters 
used  in  the  NIST  Frequency  Measurement  and  Analy- 
sis System  are  implemented  with  7  start  channels  and 
7  stop  channels.  Four  of  the  7  start  channels  are  de- 
voted to  the  frequencies  of  1  MHz,  5  MHz  or  10  MHz, 
while  triggering  signals  to  all  other  start  and  stop  chan- 
nels can  arrange  from  1  PPS  to  100  kHz.  Time  interval 
interpolation  plays  a  key  role  in  achieving  the  high  res- 
olution time  interval  measurements  for  both  counters. 
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The  Public  Switched  Network  (PSN)  provides  critical 
commercial  telecommunications  services  and  National 
Security  and  Emergency  Preparedness  (NSEP).  Tele- 
communication Service  providers,  equipment  manu- 
facturers, users,  and  the  Federal  Government  are  con- 
cerned that  vulnerabilities  in  the  PSN  could  be  ex- 
ploited and  result  in  disruptions  or  degradation  of  serv- 
ice. This  guideline  focuses  on  two  specific  components 
of  a  Telecommunications  Management  Network  (TMN) 
-  Network  Elements  (NEs)  and  Mediation  Devices 
(MDs)  -  with  emphasis  on  the  security  features  needed 
to  protect  the  Operations,  Administration,  Mainte- 
nance, and  Provisioning  (OAM&P)  of  these  compo- 
nents. This  document  is  intended  to  provide  a  security 
baseline  for  NEs  and  MDs  that  is  based  on  commercial 
security  needs.  In  addition,  some  National  Security  and 
Emergency  Preparedness  (NS/EP)  security  require- 
ments will  be  integrated  into  the  baseline  to  address 
specific  network  security  needs.  The  guideline  should 
assist  telecommunications  vendors  in  developing  sys- 
tems and  service  providers  in  implementing  systems 
with  appropriate  security  for  integration  into  the  PSN. 
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The  development  of  a  National  Information  Infrastruc- 
ture (Nil)  is  a  way  of  putting  vast  amounts  of  informa- 
tion at  the  fingertips  of  users  in  America  and  around 
the  world.  Digital  video  is  likely  to  be  the  most  tech- 
nically demanding  Nil  service.  Recognizing  this,  sev- 
eral industrial  and  governmental  organizations  spon- 
sored a  recent  workshop  to  define  a  vision  of  the  role 
of  digital  video  in  the  Nil;  identify  the  architectural,  scal- 
ing, and  performance  issues  in  realizing  this  vision; 
and  recommend  the  research,  experiments,  and  other 
steps  to  be  taken  to  resolve  these  issues.  It  was  the 
sense  of  the  participant  in  the  workshop  that  the  Grand 
Alliance  proposal  for  HDTV  is  the  best  available  alter- 
native for  terrestrial  broadcast  of  HDTV  in  the  U.S. 
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The  performance  of  the  FDDI  token  ring  and  IEEE 
802.6  DQDB  protocols  are  compared  using  discrete 
event  simulation  models.  A  Metropolitan  Aera  Network 
(MAN)  of  100  km  and  with  50  stations  was  moldeled. 
A  100  Mbps  channel  is  used  for  both  networks,  with 
a  traffic  model  with  large  (1  kbyte)  low  priority  packets 
and  smaller  (1 00  byte)  high  priority  packets.  The  delay 
and  fairness  characteristics  of  both  networks  are  ana- 
lyzed. The  simulations  show  that  FDDI  has  advantages 
in  fairness  and  maximum  capacity,  while  DQDB  offers 
lower  delay  at  all  except  very  heavy  loads  and  has  a 
stronger  priority  mechanism. 
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The  Computer  and  Telecommunication  industries  are 
finally  converging  towards  one  single  communication 
technology  that  permits  transparency  between  the 
Local  and  Wide  Area  networks.  This  Asynchronous 
Transfer  Mode  (ATM)  enables  the  remote  interconnec- 
tion of  Local  Area  Networks  (LANs)  with  compatibly 
switched  telecommunication  services  rather  than  ex- 
pensive private  lines.  ATM  provides  scalable  high 
bandwidths,  therefore  promoting  applications  in  im- 
agery, visualization,  video,  and  others;  however,  its 
key  value  is  in  shielding  the  dependency  of  protocols 
on  media  thus  providing  a  seamless  shell  for  interfac- 
ing and  upgrading  current  communication  gear.  In,  ad- 
dition, users  are  able  to  dynamically  allocate  band- 
width on  demand,  use  one  unified  addressing  scheme, 
and  obtain  a  spectrum  of  integrated  services. 
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The  utilization  of  the  inherent  bandwidth  in  high-speed 
networks  is  often  obstructed  by  implementation  of  the 
protocols.  NIST  and  ARPA  developed  VLSI  measure- 
ment components  that  permit  researchers  and  product 
developers  to  better  understand  computing  and  com- 
munication bottlenecks  by  accurate  measurement 
techniques.  To  illustrate  and  promote  the  use  of  such 
public  domain  components,  this  paper  uses  image 
transfer  as  an  example  application  via  a  commercial 
UNIX  (BSD  4.3.1  variant)  implementation  of  the  TCP/ 
IP  protocol  over  an  Ethernet  (10  Mbits/s),  and  a  HIPPI 
(800  Mbits/s)  medium.  The  only  modification  done  to 
this  commercially  available  kernel  was  to  add  the  sim- 
ple probe  code  necessary  to  interface  to  the  NIST 
MultiKron  measurement  chip.  The  accurate  data  ob- 
tained for  the  various  aspects  of  this  protocol  imple- 
mentation clearly  illustrate  the  major  bottlenecks,  pro- 
vide insight  with  regard  to  scaling,  and  determine 
upper  bounds  on  performance. 
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Ths  paper  concentrates  on  the  provision  of 
isochronous  services  to  users  via  the  existing  IEEE 
802.6  framework  using  q.931  as  the  signalling  protocol 
for  providing  call  control  functions.  We  present  pos- 
sible scenarios  of  isochronous  service  provisioning  via 
the  IEEE  802.6  network.  Real  time  performance  for  call 
setup  procedures  is  simulated  and  analyzed  with  dif- 
ferent priority  schemes  for  transferring  signalling  mes- 
sages. Call  setup  delays  are  determined  using  both 
Poisson-type  and  bursty  type  data  traffic  models. 
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This  paper  is  an  overview  of  the  progression  of  Inte- 
grated Services  Digital  Networks  (ISDN)  in  North 
America  with  a  focus  on  the  activities  of  the  North 
American  ISDN  Users'  Forum  (NIUF),  a  consortium  of 
users,  service  providers,  network  equipment  manufac- 
turers, customer  premises  equipment  manufacturer, 
and  applications  software  developers.  This  article  dis- 
cusses the  role  of  the  NIUF  in  the  product  development 
cycle,  provides  an  overview  of  its  activities  and  briefly 
discusses  other  important  and  complementary  ISDN 
work.  It  outlines  the  beginning  deployment  of  a  natioanl 
ISDN  and  a  major  demonstration  of  ISDN  capability 
within  North  America.  Finally,  it  offers  the  perspective 
of  ISDN  as  an  enabling  technology  and  not  as  a  net- 
work that  meets  all  communications  requirements  for 
all  users. 
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This  article  presents  the  work  of  the  NIUF  and  dis- 
cusses its  relationship  to  the  Accredited  Standards 
Committee  T1  and  other  standrards  bodies.  The  impor- 
tant role  of  the  NIUF  within  the  ISDN  arena  is  evident 
when  considering  the  Federal  Information  Processing 
Standard  (FIPS)  for  ISDN  and  the  Transcontinental 
ISDN  Project  (TRIP),  both  of  which  are  briefly  de- 
scribed. Brief  statements  on  the  relationship  of  the 
ISDN  FIPS  to  the  Government  Open  System  Inter- 
connection Profile  (GOSIP)  and  the  military  standrad 
on  ISDN  are  included. 
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This  bulletin  discusses  the  testing  program  recently  es- 
tablished by  the  Computer  Systems  Laboratory  for 
Federal  Information  Processing  Standard  (FIPS)  146, 
Government  Open  Systems  Interconnection  Profile 
(GOSIP). 
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Open  Systems  Interconnection  (OSI)  standards  de- 
scribe in  a  general  way  how  data  communications 
should  take  place  in  an  open  network,  and  include 
many  options  and  undefined  conditions.  The  develop- 
ment of  products  that  implement  OSI  standards  has 
been  slow.  It  has  been  necessary  to  define  the  options, 
subsets,  parameters  and  other  conditions  that  are  pre- 
cisely specified  in  the  standards,  and  to  get  agree- 
ments among  the  implementors  to  implement  in  a  com- 
patible way.  Conformance  and  interoperability  testing 
are  needed  to  assure  that  different  implementations 
work  together,  Different  profiles,  or  groupings,  of  the 
OSI  standards  have  been  developed  by  different  orga- 
nizations to  carry  out  similar  functions.  This  condition 
also  may  be  slowing  down  the  development  of  OSI- 
compliant  products. 
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Electronic  Data  Interchange  (EDI)  is  defined  as  the 
computer-to-computer  exchange  of  standardized  busi- 
ness information.  As  with  most  software  products,  EDI 
products  can  differ  greatly.  The  host  of  options  poten- 
tially present  in  an  EDI  product  can  make  purchasing 
the  'right'  one  a  difficult  task.  This  document  assists 
the  reader  in  determining  which  EDI  product,  among 
many  candidate  products,  best  meets  the  reader's  re- 
quirements. Specifically,  this  document  addresses:  (1) 
EDI  product  fuctionality,  (2)  EDI  product  performance, 
and  (3)  the  integration  of  EDI  products  into  the  busi- 
ness process. 
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This  paper  presents  the  simplified  Multipoint  Commu- 
nication Service  Protocol  on  the  adaptation  layer  with 
multicast  functionality  over  ATM.  This  protocol  struc- 
ture makes  the  adaptation  layer  take  over  the  domain 
management  function  of  the  MCS  protocol  as  the  ad- 
aptation layer  can  do  this  function  without  difficulty  by 
its  own  multicast  functionality  to  support  multimedia 
teleconferencing.  As  both  the  multicast  functionality 
and  the  domain  management  function  of  the  MCS 
layer  combine  into  the  adaptation  layer  over  ATM,  the 
authors  can  get  more  efficient  multipoint  communica- 
tion without  duplication  of  functions. 
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The  use  of  software  in  the  health  care  industry  is  be- 
coming of  increasing  importance.  One  of  the  major 
roadblocks  to  efficient  health  care  is  the  fact  that  impor- 
tant information  is  distributed  across  many  sites.  These 
sites  can  be  located  across  a  significant  area.  The 
problem  is  to  provide  a  uniform  mechanism  to  integrate 
this  information.  This  paper  documents  the  results  of 
an  investigation  into  the  suitability  of  several  different 
distributed  access  mechanisms.  Five  methods  were 
examined;  the  Common  Object  Request  Broker 
(CORBA),  Object  Linking  and  Embedding  (OLE),  re- 
mote procedure  call  (RPC),  remote  database  access 
(SQL/RDA)  and  Protocol  Independent  Interfaces  (Pll, 
the  authors  specifically  examined  sockets).  These 
mechanisms  were  compared  with  regard  for  use  in 
health  care  applications.  In  particular,  the  following  ca- 
pabilities were  compared:  Ease  of  use  by  the  devel- 
oper, Class  of  applications  for  which  the  technology  is 
particularly  effective  in  developing,  Security  capabili- 
ties. 
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Wavelets  have  recently  been  a  subject  of  great  interest 
in  geophysics,  mathematics  and  signal  processing. 
The  discrete  wavelet  transform  can  be  used  to  decom- 
pose a  time  series  with  respect  to  a  set  of  basis  func- 
tions, each  one  which  is  associated  with  a  particular 
scale.  The  properties  of  a  time  series  at  different  scales 
can  then  be  summarized  by  the  wavelet  variance, 
which  decomposes  the  variance  corresponding  to 
some  of  the  recently  discovered  wavelets  can  provide 
a  more  accurate  conversion  between  the  time  and  fre- 
quency domains  than  can  be  accomplished  using  the 
Allan  variance.  This  increase  in  accuracy  is  due  to  the 
fact  that  these  wavelet  variances  give  better  protection 
against  leakage  than  does  the  Allan  variance. 
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Increasing  performance  demands  made  by  precision 
timing  have  made  NIST's  present  5  MHz  distribution 
amplifier  system  obsolete,  A  new  design  providing  im- 
proved phase  stability  with  temperature,  harmonic  pu- 
rity, and  phase  noise  is  presented.  By  building  on  pre- 
vious designs,  a  modified  cascode  amplifier  was  cre- 
ated with  performance  increases  of  more  than  10  fold 
in  phase  noise,  temperature  coefficient  and  isolation. 
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The  transmission  performance  of  ultralong-distance 
optical  communication  systems  critically  depends  on 
fiber  chromatic  dispersion.  To  achieve  desired  per- 
formance, system  designers  require  knowledge  of  the 
zero-dispersion  wavelength,  lambda  sub  0  to  within  0.1 
nm.  The  authors  have  developed  two  laser-based  sys- 
tems to  measure  lambda  sub  0  of  long  optical  fibers. 
Both  systems  are  based  on  tunable  narrow-line  laser 
sources  with  output  wavelengths  that  can  be  accu- 
rately measured  with  an  interferometric  wavemeter. 
The  first  system  uses  the  phase-shift  method  to  meas- 
ure group  delay  in  the  fiber  sample  as  a  function  of 
wavelength.  The  second  system  directly  measures  the 
wavelength-averaged  differential  group  delay  or  fiber 
chromatic  dispersion  by  dithering  the  laser  wavelength 
in  a  new  implementation  of  the  differential  phase-shift 
technique.  Both  systems  give  lambda  sub  zero  with  a 
precision  (repeatability)  of  0.022  nm  or  less  at  the  99% 
confidence  level. 


01,512 

PB97-110498       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 

Introduction  to  Secure  Telephone  Terminals. 

Final  rept. 

D.  Branstad.  1992,  6p. 

Pub.  in  CSL  Bulletin,  p1  -6  Mar  92. 

Keywords:  "Telephone  systems,  "Data  encryption, 
"Secure  communications,  Telecommunications,  Com- 
puter security,  Cryptography,  Data  processing  secu- 
rity, Standards,  Reprints. 

The  bulletin  addresses  several  frequently  asked  ques- 
tions about  secure  telephone  terminals,  discusses 
practical  security  issues  from  a  federal  user's  view- 
point, and  provides  sources  for  additional  information. 
A  secure  telephone  terminal  is  a  device  that  connects 
to  a  telephone  line  or  a  cellular  telephone  system  and 
provides  a  variety  of  security  services  to  the  conversa- 
tion of  information  being  transmitted. 
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Digital  libraries  and  related  information  technologies 
are  the  fruits  of  recent  research  and  development  and 


are  enabling  the  management,  dissemination,  and  pro- 
tection of  intellectual  property  by  means  of  a  network- 
based  information  infrastructure.  Presented  is  a  dis- 
cussion of  several  technologies  whose  convergence 
enables  new  applications  which  can  serve  as  the  foun- 
dations for  a  digital  information  infrastructure  and  en- 
able new  modes  of  electronic  commerce.  The  goal  of 
the  report  is  to  help  those  unfamiliar  with  information 
technologies  better  understand  the  potential  of  tech- 
nology to  manage,  disseminate,  and  protect  informa- 
tion and  intellectual  property  in  a  new,  networked 
world. 
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The  report  summarizes  .he  activities  of  Usability  Engi- 
neering: Industry-Government  Collaboration  for  Sys- 
tem Effectiveness  and  Efficiency,  a  symposium  held 
February  26,  1996,  at  the  National  Institute  of  Stand- 
ards and  Technology  (NIST)  in  Gaithersburg,  Mary- 
land. 
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The  information  and  coding  capacities  of  the  Poisson 
channel  are  derived  with  a  constraint  imposed  on  the 
L(sub  p)  norm  (Norm  chi  (sub  i))(sub  p)  of  the  encoder 
intensity  chi;  that  is,  we  fix  1  =  or  <  p  =  or  <  infinity 
and  suppose  (Norm  chi  (sub  i))(sub  p)  =  or  <  Q  for  all 
t  (a  member  of)  (in  brackets:0,T)  and  some  Q  =  or  > 
0.  Formulae  are  given  for  the  capacity  which  establish 
previously  known  results  for  p  =  1 ,  p  =  2,  and  p  =  infinity 
to  be  part  of  a  system  of  capacity  problems  with  com- 
mon form  and  solution.  These  formulae  apply  with  or 
without  causal  feedback  and  whether  or  not  the 
encoder  intensity  is  OOK-constrained. 


Graphics 

01,516 

FIPS  PUB  148       PC  E99 

Electronic  Industries  Association,  Washington,  DC. 
Engineering  Dept. 

Procedures  for  Document  Facsimile  Transmission 
Issued  by  General  Services  Administration,  April 
14, 1982.  Federal  Standard  1063. 

14  Apr  82,  30p,  EIA-RS-466. 

Sponsored  by  General  Services  Administration,  Wash- 
ington, DC. 

Keywords:  "Facsimile  transmission,  "Signals, 
"Interoperability,  Facsimile  communications,  Data 
transmission,  Signal  processing,  Pitch,  Audio  tones. 
Binary  codes.  Interfaces,  Connectors,  Terminals,  Pro- 


cedures, Documents,  Federal  Information  Processing 
Standards,  Calls. 

This  Standard  is  concerned  with  the  procedures  which 
are  necessary  for  document  transmission  between  two 
facsimile  stations  operating  on  voice  band  analog  cir- 
cuits. These  procedures  essentially  comprise:  call  es- 
tablishment and  call  release;  compatibility  checking, 
status  and  control  command;  checking  and  supervision 
of  line  conditions;  control  function  and  facsimile  opera- 
tor recall;  and  both  recognized  optional  functions  as 
well  as  other  (non-standard)  options.  In  this  Standard 
two  separate  signalling  systems  are  described;  first  a 
simple  tonal  system  using  single  frequency  tones,  and 
second  a  binary-coded  system  offering  a  much  wider 
range  of  signals  for  more  complex  procedures. 
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In  line  with  the  program  of  the  National  Bureau  of 
Standards  for  extending  the  standards  of  electrical 
quantities  up  through  microwaves,  the  establishment 
of  a  standard  of  attenuation  was  undertaken.  For  such 
a  standard  to  be  useful,  it  must  be  readily  adaptable 
to  the  calibration  of  commercial  attenuators  over  the 
entire  frequency  range.  Also,  for  self  consistency,  such 
a  standard  must  be  capable  of  being  checked  by  d- 
c  measurements,  thus  relating  the  radiofrequency  (r- 
f)  standard  to  the  more  accurate  primary  standards.  A 
standard  of  any  physical  quantity  consists  not  merely 
in  the  unique  specification  of  that  particular  quantity  but 
equally  important,  in  the  specification  of  the  operations, 
or  procedures,  through  which  an  unknown  quantity  is 
measured  in  terms  of  it.  The  purpose  of  this  paper  is 
to  describe  such  a  standard,  and  the  preliminary  ex- 
periments employed  in  its  evaluation  and  develop- 
ment. 
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We  compare  the  broadcast  ephemerides  from  Global 
Positioning  Satellites  (GPS)  to  the  postprocessed 
ephemerides  from  the  Defense  Mapping  Agency 
(DMA).  We  find  significant  energy  in  the  spectrum  of 
the  residuals  at  1  cycle/day  and  higher  multiples.  We 
estimate  the  time  variance  of  the  residuals  and  show 
that  the  short  term  residuals,  from  15  min,  exhibit 
power  law  processes  with  greater  low  frequency  per- 
turbations than  white  phase  modulation.  We  discuss 
the  significance  of  these  results  for  the  performance 
of  the  GPS  Kalman  filter  which  estimates  the  broadcast 
orbits. 
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We  will-describe  the  NIST  Network  Time  Service  which 
provides  time  and  frequency  information  over  the 
internet.  Our  first  time  server  is  located  in  Boulder,  Col- 
orado, a  second  backup  server  is  under  construction 
there,  and  we  plan  to  install  a  third  server  on  the  East 
Coast  later  this  year.  The  servers  are  synchronized  to 
UTCfUniversal  Coordinated  Time)(NIST)  with  an  un- 
certainty of  about  0.8  ms  RMS  and  they  will  respond 
to  time  requests  from  any  client  on  the  internet  in  sev- 
eral different  formats  including  the  DAYTIME,  TIME 
and  NTP  protocols.  The  DAYTIME  and  TIME  protocols 
are  the  easiest  to  use  and  are  suitable  for  providing 
time  to  PCs  and  other  small  computers.  In  addition  to 
UTC(NIST),  the  DAYTIME  message  provides  advance 
notice  of  leap  seconds  and  of  the  transitions  to  and 
from  Daylight  Saving  Time.  The  Daylight  Saving  Time 
notice  is  based  on  the  US  transition  dates  of  the  first 
Sunday  in  April  and  the  last  one  in  October.  The  NTP 
is  a  more  complex  protocol  that  is  suitable  for  larger 
machines;  it  is  normally  run  as  a  demon  process  in  the 
background  and  can  keep  the  time  of  the  client  to  with- 
in a  few  milliseconds  of  UTC  (NIST).  We  will  describe 
the  operating  principles  of  various  kinds  of  client  soft- 
ware ranging  from  a  simple  program  that  queries  the 
server  once  and  sets  the  local  clock  to  more  complex 
'demon  processes  (such  as  NTP)  that  continuously 
correct  the  time  of  the  local  clock  based  on  periodic 
calibrations. 
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I  will  try  to  extrapolate  the  changes  in  the  dissemination 
of  time  and  frequency  information  that  have  taken 
place  during  the  last  25  years  to  predict  the  future  de- 
velopments both  in  the  methods  of  disseminating  time 
and  frequency  and  in  the  kinds  of  customers  we  will 
be  asked  to  serve.  Two  important  developments  are 
likely  to  play  pivotal  roles  in  driving  the  evolution  of  dis- 
semination. The  first  is  the  commercial  availability  of 
very  high  quality  clocks  -  devices  whose  performance 
may  eventually  rival  that  of  the  current  generation  of 
primary  frequency  standards.  The  widespread  use  of 
these  devices  may  blur  the  traditional  distinction  be- 
tween client  and  server,  and  may  replace  it  with  a  more 
symmetrical  interchange  of  data  among  peers.  The 
second  is  the  increasing  demand  for  digital  time  and 
frequency  information  driven  by  the  increasing  sophis- 
tication of  everything  from  traffic  lights  to  electric  power 
meters.  The  needs  of  these  individual  users  may  not 
tax  the  state  of  the  art  of  primary  frequency  standards 
in  principle,  but  their  large  numbers  and  wide  geo- 
graphical distribution  present  a  technological  challenge 
that  is  difficult  to  meet  at  a  reasonable  price  using  ex- 
isting methods.  Some  of  these  problems  may  be 
solved  (or  at  least  addressed)  using  developments  in 
communications  and  consumer  electronics  such  as  the 
increasing  use  of  fiber-optic  telephone  circuits  and  the 
increasing  bandwidth  and  sophistication  of  the  cable 
network  used  to  transmit  television  pictures.  To  be  use- 
ful, these  advances  in  hardware  must  stimulate  parallel 
advances  in  software  algorithms  and  methods.  These 
advances  are  more  difficult  to  predict  with  great  con- 
fidence, but  the  developments  of  the  last  few  years  will 
be  examined  to  provide  some  indications  of  the  future. 
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The  current  definition  of  Coordinated  Universal  Time 
(UTC)  dates  from  1972.  The  duration  of  a  UTC  second 
is  defined  in  terms  of  the  frequency  of  a  hyperfine  tran- 
sition in  the  ground  state  of  cesium.  This  standard  fre- 
quency is  realized  in  a  number  of  different  laboratories 
using  ensembles  of  commercial  cesium  clocks  and  a 
few  primary  frequency  standards.  The  data  from  all  of 
these  devices  are  transmitted  periodically  to  the  Bu- 
reau International  des  Poids  et  Mesures  (BIPM)  in 
Sevres,  France,  where  they  are  combined  in  a  statis- 
tical procedure  to  produce  International  Atomic  Time 
(TAI).  The  time  of  this  scale  is  adjusted  as  needed  ('co- 
ordinated') by  adding  or  dropping  integer  seconds  so 
as  to  keep  it  within  plus  or  minus  0.9  s  of  UT1,  a  time 
scale  based  on  the  observation  of  the  transit  times  of 
stars  and  corrected  for  the  predicted  seasonal  vari- 
ations in  these  observations.  When  the  leap  seconds 
are  included  into  TAI,  the  result  is  called  UTC.  The  dif- 
ference between  TAI  and  UTC  is  therefore  an  exact 
integer  number  of  seconds.  This  difference  is  currently 
29  s  and  will  become  30  s  at  0  UTC  on  1  January  1996. 
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The  state  of  development  of  advanced  timing  systems 
at  NIST  is  described.  The  work  on  cesium  and  rubid- 
ium frequency  standards,  stored-ion  frequency  stand- 
ards, diode  lasers  used  to  pump  such  standards,  time 
transfer,  and  methods  for  characterizing  clocks,  oscil- 
lators, and  time  distribution  systems  is  presented.  The 
emphasis  is  on  NIST-developed  technology  rather 
than  the  general  state  of  the  art  in  this  field. 
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We  compare  the  broadcast  ephemerides  from  Global 
Positioning  Satellites  (GPS)  to  the  postprocessed 
ephemerides  from  the  Defense  Mapping  Agency 
(DMA).  We  find  significant  energy  in  the  spectrum  of 
the  residuals  at  1  cycle/day  and  higher  multiples.  We 
estimate  the  time  variance  of  the  residuals  and  show 
that  the  short  term  residuals,  from  15  min,  exhibit 
power  law  processes  with  greater  low  frequency  per- 
turbations than  white  phase  modulation.  We  discuss 
the  significance  of  these  results  for  the  performance 
of  the  GPS  Kalman  filter  which  estimates  the  broadcast 
orbits. 
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I  will  try  to  extrapolate  the  changes  in  the  dissemination 
of  time  and  frequency  information  that  have  taken 
place  during  the  last  25  years  to  predict  the  future  de- 
velopments both  in  the  methods  of  disseminating  time 
and  frequency  and  in  the  kinds  of  customers  we  will 
be  asked  to  serve.  Two  important  developments  are 
likely  to  play  pivotal  roles  in  driving  the  evolution  of  dis- 
semination. The  first  is  the  commercial  availability  of 
very  high  quality  clocks  ~  devices  whose  performance 
may  eventually  rival  that  of  the  current  generation  of 
primary  frequency  standards.  The  widespread  use  of 
these  devices  may  blur  the  traditional  distinction  be- 
tween client  and  server,  and  may  replace  it  with  a  more 
symmetrical  interchange  of  data  among  peers.  The 
second  is  the  increasing  demand  for  digital  time  and 
frequency  information  driven  by  the  increasing  sophis- 
tication of  everything  from  traffic  lights  to  electric  power 
meters.  The  needs  of  these  individual  users  may  not 
tax  the  state  of  the  art  of  primary  frequency  standards 
in  principle,  but  their  large  numbers  and  wide  geo- 
graphical distribution  present  a  technological  challenge 
that  is  difficult  to  meet  at  a  reasonable  price  using  ex- 
isting methods.  Some  of  these  problems  may  be 
solved  (or  at  least  addressed)  using  developments  in 
communications  and  consumer  electronics  such  as  the 
increasing  use  of  fiber-optic  telephone  circuits  and  the 
increasing  bandwidth  and  sophistication  of  the  cable 
network  used  to  transmit  television  pictures.  To  be  use- 
ful, these  advances  in  hardware  must  stimulate  parallel 
advances  in  software  algorithms  and  methods.  These 
advances  are  more  difficult  to  predict  with  great  con- 
fidence, but  the  developments  of  the  last  few  years  will 
be  examined  to  provide  some  indications  of  the  future. 
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There  are  some  applications  where  the  output  of  a  time 
scale  is  not  needed  in  real  time.  Such  applications  can 
make  use  of  a  post-processed  time  scale  for  improving 
long  term  performance.  A  post-processed  scale  can 
take  advantage  of  improved  characterizations  of  clocks 
in  the  scale  and  improved  capability  of  frequency  step 
detection.  The  authors  study  a  particular  time  scale  al- 
gorithm run  in  post-processed  mode  being  studied  at 
the  National  Institute  of  Standards  and  Technology. 
Results  are  reported  based  on  both  simulation  and  real 
data. 
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The  LORAN-C  (LOng  RAnge  Navigation)  system  is  a 
radio  navigation  system  maintained  by  the  United 
States  Coast  Guard.  LORAN-C  signals  are  widely 
used  as  a  navigation  aid.  Since  the  signals  are  ex- 
tremely stable,  they  can  also  serve  as  an  excellent  ref- 
erence for  frequency  calibrations.  Any  quartz,  rubid- 
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ium,  or  cesium  oscillator  can  be  calibrated  with 
LORAN-C.  This  paper  tells  how  to  use  LORAN-C  sig- 
nals for  frequency  calibrations.  It  describes  the 
LORAN-C  system,  lists  the  equipment  that  you  need, 
shows  the  data  you  can  obtain,  and  discusses  the  ac- 
curacy you  can  expect.  It  also  discusses  the  NIST  Fre- 
quency Measurement  System,  an  automated  calibra- 
tion system  that  uses  LORAN-C  signals. 
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We  describe  the  design  of  a  synthesized  local  oscilla- 
tor for  a  rubidium  (Rb)  passive  frequency  standard 
pumped  by  radiation  from  a  diode  laser.  The  design 
goals  for  this  new  oscillator  are:  (1)  To  operate  at  room 
temperature,  (2)  To  have  the  ability  to  step  quickly  to 
different  frequencies  for  measuring  parameters  such 
as  magnetic  fields,  (3)  To  contribute  less  than  2  X 
10(sup  -14)/tau(sup  1/2)  to  the  frequency  stability  of 
the  Rb  standard  for  measurement  times  between  30 
and  200  seconds.  Potential  limits  for  obtaining  these 
goals,  as  well  as  solutions  to  such  problems,  are  dis- 
cussed. 
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In  many  areas  of  precision  frequency  metrology,  it  is 
useful  to  use  a  single  nonlinear  element  to  both  mul- 
tiply a  source  frequency  and  mix  this  harmonic  with  a 
higher  frequency  source.  This  process  is  commonly  re- 
ferred to  as  harmonic  mixing.  When  the  frequency 
span  is  great,  it  is  advantageous  to  use  large  harmonic 
numbers  to  reduce  the  complexity,  the  number  of  local 
oscillators,  and  ultimately  the  cost.  Planar  GaAs 
Schottky  diodes  are  good  candidates  for  high  order 
harmonic  mixing  because  of  their  high  cut-off  fre- 
quency. Their  robust  construction  should  lead  to  excel- 
lent lifetime,  reliability,  and  reproducibility.  The  authors 
have  investigated  the  performance  of  one  type  of  fast 
planar  Schottky  diode  for  harmonic  mixing  with  har- 
monic numbers  from  8  to  201 .  Their  measurements  in- 
dicate that,  with  optimum  biasing  and  power,  harmonic 
mixing  with  harmonic  numbers  of  up  to  approximately 
80  can  be  achieved  with  good  signal-to-noise  ratios. 
Detectable  signals  have  been  observed  for  harmonic 
numbers  of  201.  From  the  nonlinear  characteristics  of 
the  diode  and  the  signal-to-noise  ratio  obtained  at 
lower  frequencies,  it  looks  as  though  we  can  multiply 
from  70  GHz  to  about  4.5  THz  in  one  step. 
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Presently,  the  three  primary  techniques  for  achieving 
nanosecond  time  transfer  are  Common-View  GPS. 
Two-Way  Satellite  Time  Transfer  and  the  Laser  Rang- 
ing Technique  of  the  LASSO  Experiment.  Through  the 
cooperative  efforts  of  several  international  labora- 
tories, all  the  three  methods  were  implemented  at  two 
stations  within  Europe,  CERGA  and  TUG.  At  each  of 
these  two  stations,  a  common  reference  clock  to  all 
three  systems  allows  the  direct  intercomparison  of 
these  three  state-of-the-art  techniques.  The  paper  will 
discuss  the  operations  at  these  two  stations,  present 
the  available  data  and  an  intercomparison  of  it. 
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The  Smart  Clock,  opens  up  the  possibility  for  any  clock 
to  be  automatically  synchronized  to  an  external  stand- 
ard with  a  minimum  of  measurements.  The  Smart 
Clock  enhances  the  accuracy  or  stability  of  a  clock  or 
oscillator  by  characterizing  it  against  an  external  stand- 
ard. The  Smart  Clock  algorithm  uses  optimal  esti- 
mation and  prediction  to  apply  a  correction  to  the  out- 
put of  the  oscillator,  maintaining  any  combination  of 
time  or  frequency  accuracy  or  stability  within  specified 
limits.  The  algorithm  decides  when  external  measure- 
ments are  necessary  to  maintain  the  desired  accuracy 
or  stability.  The  authors  present  here  a  tutorial  descrip- 
tion of  the  Smart  Clock  system  and  an  example  of  how 
it  could  be  used  to  maintain  a  simple  clock  to  1  s  using 
measurements  over  the  telephone  lines. 
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With  the  development  of  common  view  time  compari- 
sons using  GPS  satellites  the  Japanese  time  and  fre- 
quency standards  laboratories  have  been  able  to  con- 
tribute with  more  weight  to  the  international  unification 
of  time  under  the  coordination  of  the  Bureau  of  Inter- 
national de  Poids  et  Measures  (BIPM).  During  the  pe- 
riod from  June  1  through  June  11,1 988,  the  differential 
delays  of  time  transfer  receivers  of  the  global 
Poisitioning  System  (GPS)  were  calibrated  at  three  dif- 
ferent laboratories  in  Japan,  linking  them  for  absolute 
time  transfer  with  previously  calibrated  labs  of  Europe 
and  North  America.  The  authors  report  here  the  results 
of  the  calibration  trip,  along  with  some  interesting  prob- 
lems that  developed  concerning  this  technique. 
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We  use  simulation  to  compare  the  confidence  in  esti- 
mating frequency  drift  in  the  presence  of  stochastic 
noise  between  two  different  estimators:  (1)  a  mean 
second  difference  using  neighboring  data,  and  (2)  a 
single  second  difference  over  the  entire  data  set.  In 
each  case  we  simulate  100  s  data  sampling  and 
10,000  samples  (11  and  1/2  days  of  data).  The  two 
estimators  show  a  similar  confidence  when  the  noise 
is  purely  random  walk  frequency  modulation,  but  when 
there  is  also  white  frequency  modulation,  as  is  com- 
mon in  oscillators,  method  (2)  is  more  efficient.  An  ad- 
vantage of  (1)  is  that  it  provides  an  internal  confidence 
to  an  estimate  on  a  single  data  set.  As  a  practical  ex- 
ample, when  we  simulate  a  typical  rubidium  gas  cell 
frequency  standard,  the  confidence  of  the  drift  estimate 
was  ten  times  better  for  method  (2)  over  method  (1). 
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TA2  is  a  time  scale  algorithm  designed  to  run  as  a 
post-processor  by  smoothing,  i.e.  combining  estimates 
from  runs  in  both  forward  and  backward  temporal  di- 
rections. It  has  been  tested  using  the  time-scale  data 
at  NIST  from  1989  through  the  first  half  of  1990.  We 
review  the  characterization  parameters  for  clocks  with 
white  FM,  and  random-walk  FM,  and  the  dependence 
of  these  estimates  on  integration  time.  We  also  discuss 
the  transformation  of  these  parameters  from  their  use 
as  time  deviations  to  frequency  variances.  We  com- 
pare the  scale  generated  by  TA2  over  541  d  starting 
at  the  beginning  of  1989,  with  the  two  other  scales  at 
NIST,  AT1  andTA. 
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NIST-7,  an  optically  pumped,  cesium-beam  frequency 
standard  has  replaced  NBS-6  as  the  official  US  pri- 
mary frequency  standard.  The  present  short-term  sta- 
bility of  the  standard,  measured  with  respect  to  an  ac- 
tive hydrogen  maser,  is  characterized  by  sigma(sub 
y)(tau)  approx  =  8  x  10(exp  -13)  tau(sup  -1/2).  Our  first 
evaluation  has  resulted  in  an  uncertainty  of  4  x  10(exp 
-14).  An  improved  servo-electronic  system  is  being  de- 
veloped and  this  should  improve  stability  and  allow  for 
more  precise  evaluation  of  the  various  systematic  er- 
rors. 
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An  error  analysis  of  the  NIST  optically  pumped,  pri- 
mary frequency  standard  is  presented.  Where  pos- 
sible, direct,  in-situ  measurements  have  been  made. 
Alternatively,  electrical  measurements  have  been 
made  on  subassemblies  during  construction.  Where 
measurements  are  not  yet  available,  model  calcula- 
tions have  been  applied  to  the  design.  The  analysis 
indicates  that  in  the  present  configuration  of  the  servo, 
the  error  budget  is  dominated  by  microwave  power  in- 
stability entering  through  the  second-order  Doppler 
shift  at  the  level  of  a  few  parts  in  1 0(exp  1 4). 
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The  authors  discuss  fundamental  aspects  of  two-way 
timing  and  show  an  implementation  of  a  satellite  two- 
way  time  transfer  system  which  has  been  used  for  two- 
years  between  USNO,  Washington,  D  C.  and  NIST, 
Boulder,  CO.  The  raw  data  collection  procedure  will  be 
discussed.  The  authors  also  outline  the  rationale  for 
the  choice  of  satellite  uplink/downlink  frequencies,  sig- 
nal structure,  and  reduction  of  data.  Short-term  noise 
in  the  time  transfer  limits  the  precision  to  about  300 
ps  in  a  300  s  average.  Uncertainty  in  accuracy  is  due 
to  uncertainty  in  the  non-reciprocity  of  the  two-way  sig- 
nal path.  Accuracy  limits  due  to  the  atmosphere,  earth- 
satellite  rotating  system  (Sagnac  effect),  and  the 
equipment  are  discussed.  The  goal  is  to  achieve  an 
accuracy  level  of  1  ns  after  a  suitable  calibration  of 
earth-station  (differential)  equipment  delays. 
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A  summary  of  the  differential  methods  that  can  be  used 
to  set  computer  clocks  on  time.  It  describes  how  the 
clock  inside  a  PC  works,  how  computer  clocks  can  be 
set  by  modem  or  through  the  Internet,  and  discusses 
the  NIST  Smart  Clock  Technology.  It  also  discusses 
how  computer  time  can  be  obtained  by  radio  or  through 
the  use  of  an  add-on  clock  board. 
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We  report  on  our  project  to  experimentally  investigate 
the  limits  to  the  short-term  stability  achievable  in  opti- 
cally pumped,  rubidium  cell  frequency  standards.  The- 
ory indicates  that  the  atomic  limited  stability  is  several 
orders  of  magnitude  better  than  what  has  actually  been 
achieved.  The  difference  is  related  to  the  complex 
spectral  output  of  the  lamps  used  in  conventional 
standards  as  well  as  phase  noise  in  the  interrogating 
microwave  radiation.  Using  a  novel  filter  technique,  we 
have  built  a  microwave  synthesis  chain  with  phase 
noise  capable  of  supporting  a  standard  with 
(sigma(sub  y))(tau)  =  or  <  4  X  10(exp  -14)  tau(sup  -1/ 
2).  With  extended-cavity,  diode  lasers  we  have  dem- 
onstrated measured  line  Q  and  signal-to-noise  ratios 
commensurate  with  (sigma(sub  y))(tau)  =  4  X  10(exp 
-13)  tau(sup  -1/2)  in  a  commercial,  buffer  gas  type 
standard  and  (sigma(sub  y))(tau)  =  2  X  10(exp  -13) 
tau(sup  -1/2)  in  an  evacuated,  wall-coated  cell.  Both 
of  these  numbers  can  be  improved  significantly  in  a 
fully  engineered  and  optimized  standard. 
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It  has  been  shown  that  a  three-point  second  difference 
estimator  is  nearly  optimal  for  estimating  frequency 
drift  in  many  common  atomic  oscillators.  We  derive  a 
formula  for  the  uncertainty  of  this  estimate  as  a  func- 
tion of  the  integration  time  and  of  the  Allan  variance 
associated  with  this  integration  time. 
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With  solar  activity  near  maximum,  the  largest  error  in 
the  use  of  the  Global  Positioning  System  (GPS)  for 
common-view  time  transfer  can  be  the  correction  for 
ionospheric  delay.  The  paper  describes  the  use  of  data 
from  two  different  codeless  ionospheric  measurement 
systems  to  correct  common-view  time  transfer  meas- 
urements. The  authors  compare  the  measured  iono- 
spheric values  with  those  from  the  ionospheric  values 
with  those  from  the  ionspheric  model  parameters 
broadcast  from  the  GPS  satellites,  computer  time 
transfer  values  among  three  time  standards  labora- 
tories: Observatoirde  Paris,  Paris,  France;  National  In- 
stitute of  Standards  and  Technology,  Boulder,  Colo- 
rado, USA;  and  Communications  Research  Labora- 
tory, Tokyo,  Japan.  Combining  these  time  transfers  the 
authors  can  obtain  closure  around  the  world.  The  au- 
thors make  another  comparison  between  these  results 
and  ionospheric  measurements  using  a  Faraday  rota- 
tion system. 
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We  identify  leakage  from  the  microwave  electronics  in 
cesium  atomic-beam  frequency  standards  as  a  poten- 
tial source  of  frequency  error  and  instability  in  these 
standards.  The  problem  arises  when  radiation  that  is 
phase  coherent  with  the  interrogating  radiation  finds  its 
way  to  the  atoms  in  regions  outside  the  Ramsey  cavity. 
We  discuss  techniques  for  evaluating  and  reducing  the 
problem. 
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In  evaluating  the  accuracy  of  a  cesium-beam  fre- 
quency standard,  accurate  measurement  of  the  atomic 
velocity  distribution  is  important.  In  frequency  stand- 
ards which  employ  atoms  with  thermal  velocities,  the 
measured  atomic  resonance  frequency  differs  from  the 
true  resonance  by  several  parts  in  10(exp  13)  due  to 
the  second-order  Doppler  shift.  To  achieve  the  fre- 
quency accuracy  goal  for  NIST-7  of  1  .  10(exp  -14), 
an  upper  bound  on  the  uncertainty  of  the  mean-square 
atomic  velocity  of  about  1  percent  is  needed.  We 
present  the  results  of  experiments  designed  to  meas- 
ure the  velocity  distribution  of  NIST-7  using  two  inde- 
pendent techniques:  gated  optical  pumping,  and 
Ramsey  fringe  inversion.  We  show  that  these  tech- 
niques yield  velocity  distributions  and  corresponding 
second-order  Doppler  shifts  that  agree  within  the  stat- 
ed tolerances. 
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We  introduce  cross  correlation-based  variances  to  es- 
timate the  Allan  variance,  the  modified  Allan  variance, 
and  the  time  variance  in  the  presence  of  the  measure- 
ment system  noise.  These  variances  substantially 
lower  the  short-term  measurement  noise  floor;  how- 
ever, they  require  significantly  more  data.  The  cross 
correlation  based  variances  are  also  used  as  a  tool  to 
analyze  and  improve  the  measurement  system  noise. 
The  cross  correlation  based  variances  bear  a  precise 
relation  to  the  3-cornered-hat  sigma.  We  have  reduced 
the  short-term  noise  floor  for  sigma(sub  y)  (1  s)  by  fac- 
tor of  100  relative  to  our  initial  hardware  and  software 
configuration. 
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This  paper  describes  a  hybrid  (analog/digital)  ap- 
proach to  the  servo  electronics  for  the  NIST-7  cesium- 
beam,  frequency  standard.  A  digital  servo  system  has 
been  added  to  the  existing  analog  system  to  enhance 
the  capabilities  of  both  servos.  The  analog  servo  al- 
lows a  5  MHz  oscillator  to  be  frequency  locked  directly 
to  the  atomic  transition  frequency.  The  digital  servo  re- 
duces the  frequency  perturbations  due  to  changes  in 
the  ambient  magnetic  field.  Also,  the  existence  of  sep- 
arate servo  systems  allows  independent  measure- 
ments of  systematic  errors.  Design  specifications  are 
given  and  stability  measurement  results  are  presented. 
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We  report  on  the  experimental  test  of  a  new  concept 
for  reducing  limitation  on  short-term  frequency  stability 
of  passive  frequency  standards  due  to  local  oscillator 
phase  noise.  Systems  that  use  sinewave  modulation 
to  interrogate  a  stable  resonance  are  limited  in  short- 
term  frequency  stability  by  phase  noise  at  the  second 
harmonic  of  the  modulation,  f(m).  This  effect  limits  the 
fractional  frequency  stability.  This  new  concept  uses 
notch  filters  at  +  or  -  2f(m)  from  the  carrier  to  reduce 
this  effect.  Tests  on  a  modified  passive  rubidium  stand- 
ard demonstrate  an  improvement  of  approximately  18 
in  fractional  frequency  stability.  The  dual  notch  filters 
proved  to  be  feasible  and  were  obtained  commercially. 
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This  paper  describes  a  practical  implementation  of 
secondary  standards  for  phase  modulation  noise  (PM) 
and  amplitude  modulation  noise  (AM)  at  carrier  fre- 
quencies of  5  MHz,  and  100  MHz.  In  each  case  the 
standard  simultaneously  produces  output  signals  at 
approximately  +  15  +  17  dBm.  The  PM  and  AM  noise 
between  the  two  signals  can  be  set  to  a  calibrated 
level,  which  is  constant  to  better  than  0.2  dB  for  Fourier 
frequency  offsets  from  nearly  dc  to  5%  of  the  carrier, 
or  set  ot  a  minimum  value.  The  calibrated  level  of  PM 
and  AM  noise  is  used  to  evaluate  the  accuracy  versus 
Fourier  frequency. 
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We  have  extended  the  new  TA2  post-process  time 
scale  at  NIST  beyond  our  previous  reports  to  include 
all  of  the  period  from  January  of  1984  to  the  present. 
Derived  from  the  ensemble  of  clocks  at  NIST,  this  time 
scale  includes  the  benefits  of  several  recent  refine- 
ments to  the  algorithm.  By  iteratively  running  the  algo- 
rithm on  the  ensemble  clock  data  and  characterizing 
anomalous  behavior  in  the  dominant  individual  clocks 
of  the  ensemble  between  iterations,  we  obtain  an  opti- 
mized scale  which  benefits  from  the  informed  anticipa- 
tion of  that  anomalous  behavior  and  demonstrates  an 
overall  decrease  in  scale  disruption.  Herein  we  dis- 
cuss: changes  to  the  TA2  algorithm  that  we  made  while 
processing  the  eight-year  run,  our  method  of  charac- 
terizing anomalous  behavior  in  individual  clocks,  the 
way  unanticipated  anomalous  behavior  is  dealt  with  by 
the  algorithm,  and  our  resulting  nine-year  time  scale. 
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This  bibliography  includes  most  NIST  publications  in 
this  field  dating  from  the  development  of  the  first  atomic 
clock.  The  publications  are  sorted  into  23  categories. 
While  the  majority  cover  topics  that  are  central  to  time 
and  frequency  measurements  and  standards,  the  bibli- 
ography does  include  other  publications  of  the  Time 
and  Frequency  Division  that  are  only  peripherally  relat- 
ed to  the  field. 
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We  will  discuss  several  methods  for  characterizing  the 
performance  of  clocks  with  special  emphasis  on  using 
calibration  information  that  is  acquired  via  an  unreliable 
of  noisy  channel.  We  will  discuss  time-domain  variance 
estimators  and  frequency-domain  techniques  such  as 
cross-spectral  analysis.  Each  of  these  methods  has 
advantages  and  limitations  that  we  will  illustrate  using 
data  obtained  via  GPS,  ACTS  and,  other  methods.  We 
will  also  discuss  the  inverse  problem  of  communicating 
frequency  and  time  corrections  to  a  real-time  steered 
clock. 
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This  paper  presents  a  broad  overview  of  time  and  fre- 
quency technology,  particularly  those  trends  relating  to 
the  generation  and  distribution  of  time  and  frequency 
signals.  The  characterization  of  components  and  sys- 
tems is  also  addressed. 
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This  paper  provides  a  brief  introduction  to  the  special 
session  on  high-stability  frequency  synthesis  from  rf  to 
the  visible.  The  special  session  is  motivated  by  a  num- 
ber of  proposals  that  have  been  made  for  developing 
frequency  standards  with  frequency  stabilities  in  the  10 
to  the  minus  16th  power  to  10  to  the  minus  18th  power 
range.  Currently  available  local  oscillators,  frequency 
synthesis  techniques,  and  the  measurement  methods 
are  not,  however,  sufficient  to  support  this  level  of  sta- 
bility. Some  general  approaches  to  solve  these  prob- 
lems, such  as  the  effect  of  interrogation  type  on  local 
oscillator  induced  white  frequency  noise,  are  briefly  in- 
troduced. The  details  are  to  be  found  in  the  individual 
presentations. 
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The  current  status  of  atomic  frequency  standards  and 
clocks  is  reviewed.  The  operating  principles  of  fre- 
quency standards  based  on  cesium  atomic  beams,  hy- 
drogen masers,  rubidium  cells,  trapped  ions,  and 
atomic  fountains  are  discussed.  Applications  of  such 
frequency  standards  are  discussed. 
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Atomic  clocks  measure  the  passage  of  time  using  an 
internal  resonance  frequency  of  an  atom.  The  most 
commonly  used  types  of  atomic  clocks  are  the  cesium 
atomic  beam,  the  hydrogen  maser,  and  the  rubidium 
gas  cell.  In  addition,  there  are  many  other  kinds  of 
atomic  clocks  under  development  which  may  prove  to 
have  even  greater  accuracy  and  stability.  Atomic 
clocks  are  used  in  international  timekeeping,  naviga- 
tion, communications,  radio  astronomy,  space  explo- 
ration, and  fundamental  science. 
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This  paper  describes  a  practical  implementation  of  a 
portable  secondary  standard  for  phase  modulation 
(PM)  and  amplitude  modulation  (AM)  noise  at  5,  10, 
and  100  MHz.  The  accuracy  of  the  standard  for  both 
PM  and  AM  noise  is  +  or  -  0.14  dB,  and  the  tempera- 
ture coefficient  is  less  than  0.02  dB/K.  The  noise  floor 
of  the  standard  for  PM  noise  measurements,  is  less 
than  -190  dBC,  rel,  to  1  sq  rad/Hz  at  5,  10,  and  100 
MHz.  The  noise  floor  for  AM  measurements  depends 
on  the  configuration.  A  calibrated  level  of  PM  and  AM 
noise  of  approximately  -130  +  or  -  0.2  dB  rel  to  1 
square  rad/Hz  (for  Fourier  frequencies  from  approxi- 
mately 1  Hz  to  10%  of  the  carrier  frequency)  is  used 
to  evaluate  the  accuracy  versus  Fourier  frequency. 
Similar  PM/AM  measurements.  Some  types  of  time- 
domain  measurement  equipment  can  also  be  cali- 
brated. 
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A  new  format  for  standardizing  common  view  time 
transfer  data,  recommended  by  the  Consultative  Com- 
mittee for  the  Definition  of  the  Second,  is  being  imple- 
mented in  receivers  commonly  used  for  contributing 
data  for  the  generation  of  International  Atomic  Time. 
We  discuss  three  aspects  of  this  new  format  that  po- 
tentially improve  GPS  common-view  time  transfer:  (1) 
the  standard  specifies  the  method  for  treating  short 
term  data,  (2)  it  presents  data  in  consistent  formats  in- 
cluding needed  terms  not  previously  available,  and  (3) 
the  standard  includes  a  header  of  parameters  impor- 
tant for  the  GPS  common-view  process. 
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The  paper  presents  an  overview  of  some  of  the  trends 
which  are  shaping  the  directions  of  development  in 
time  and  frequency  metrology.  The  paper  focuses  on 
the  characteristics  of  frequency  sources,  methods  for 
comparing  separated  clocks/oscillators,  and  tech- 
niques for  distributing  time  and  frequency  signals. 
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The  paper  presents  tabulated  factors  for  calculating 
confidence  intervals  for  the  square  root  of  the  Modified 
Allan  Variance  and  the  related  time  Variance  when  the 
analysis  uses  full  overlapping  of  the  data.  Confidence 
intervals  are  determined  by  multiplying  factors  from  the 
appropriate  table  times  sample  deviations.  These  fac- 
tors have  been  calculated  from  the  equivalent  degrees 
of  freedom  (EDF)  for  the  five  common  power  law  noise 
types.  Closed  form  expressions  for  calculating  the  EDF 
for  these  variances  and  noise  types  have  only  recently 
become  available  for  fully  overlapped  data  analysis. 
We  compute  the  EDF  using  two  different  closed  form 
expressions  as  well  as  simulations  to  ensure  correct- 
ness of  the  results.  We  also  show  the  relative  advan- 
tage of  using  the  modified  Allan  variance  instead  of  the 
Allan  variance  to  evaluate  frequency  or  time  stability 
in  the  presence  of  white  phase  modulated  noise. 
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We  discuss  the  concept  of  the  wavelet  variance  as  a 
generalized  formalism  for  representing  variations  in  a 
time  series  on  a  scale  by  scale  basis.  In  particular,  we 
note  that  the  wavelet  variance  corresponding  to  some 
of  the  recently  discovered  wavelets  can  provide  a  more 
accurate  conversion  between  the  time  and  frequency 
domains  that  can  be  accomplished  using  the  Allan  vari- 
ance. The  increase  in  accuracy  is  due  to  the  fact  that 
these  wavelet  variances  give  better  protection  against 
leakage  than  does  the  Allan  variance. 
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The  paper  describes  a  number  of  different  ways  that 
you  can  use  to  get  accurate  time  that  is  traceable  to 
NIST  on  your  computer  system.  This  includes  receiv- 
ing time  signals  by  radio,  by  telephone,  or  through  the 
Internet.  The  cost  and  performance  of  each  technique 
is  also  described. 
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The  article  is  part  I  of  a  two-part  series  on  frequency 
calibrations.  Part  I  introduces  the  topic  of  frequency 
calibrations,  discusses  the  specifications  involved,  and 
describes  the  different  types  of  oscillators. 


01,561 

PB96-200662       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Time  and  Frequency  Div. 
NIST  Frequency  Measurement  Service. 

Final  rept. 

M.  A.  Lombardi.  1995,  7p. 
See  also  PB92-1 65851. 

Pub.  in  Cal  Lab:  The  International  Jnl.  of  Metrology, 
v2n3p11-17Jun95. 

Keywords:  'Frequency  measurement,  'Calibration, 
'Accuracy,  Frequency  stability,  Frequency  synchroni- 
zation, Interlaboratory  comparisons,  Validation,  Ac- 
creditation, Reprints,  'US  NIST,  Traceability. 

The  NIST  Frequency  Measurement  Service  (FMS) 
began  operation  in  1984  to  assist  users  who  needed 
to  make  high-level  frequency  calibrations  traceable  to 
NIST.  The  FMS  provides  a  complete  solution  to  all  fre- 
quency calibration  problems  by  providing  a  frequency 
measurement  system  that  can  be  installed  in  the  cus- 
tomer's lab.  The  system  includes  all  hardware,  soft- 
ware, and  documentation  needed  to  automate  the  fre- 
quency measurement  process.  NIST  provides  training 
and  phone  support  and  validates  customer  data 
through  a  modem  hookup.  Each  lab  receives  a  monthly 
report  that  certifies  traceability  to  NIST. 
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An  analytic  technique  recently  developed  at  NIST 
(1  )(2)  to  correct  for  probe  position  errors  in  planar  near- 
field  measurements  has  been  implemented  to  arbitrary 
accuracy.  The  nth-order  correction  scheme  is  com- 
posed of  an  mth-order  ordered  expansion  and  an  n  - 
m  higher-order  approximation,  where  both  n  and  m  are 
arbitrary.  The  technique  successfully  removes  very 
large  probe  position  errors  in  the  near-field,  so  the  re- 
sidual near-field  probe  position  errors  are  substantially 
below  levels  that  can  be  measured  on  a  near-field 
range.  Only  the  error-contaminated  near-field  meas- 
urements and  an  accurate  probe  position  errors  are 
substantially  below  levels  that  can  be  measured  on  a 
near-field  range.  Only  the  error-contaminated  near- 
field  measurements  and  an  accurate  probe  position 
error  function  are  needed  for  implementation  of  the 
correction  technique.  The  method  also  requires  the 
ability  to  obtain  derivatives  of  the  error-contaminated 
near  field  defined  on  an  error-free  regular  grid  with  re- 
spect to  the  coordinates.  In  planar  geometry  the  de- 
rivatives are  obtained  using  FFTs  (1),  giving  an  ap- 
proximate operation  count  of  (3.2(m-1)  -1+(n  -  m))N  log 
N,  where  N  is  the  number  of  data  points.  Efficient  com- 
puter codes  have  been  developed  to  demonstrate  the 
technique.  The  results  of  simulations  are  more  accu- 
rate than  those  obtained  using  the  well-known  k  cor- 
rection (3),  which  can  correct  for  position  errors  in 
some  direction  in  k  space,  but  further  contaminates  the 
sidelobe  levels. 
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The  paper  explores  the  effect  of  harmonic  distortion  on 
phase  errors  in  frequency  distribution  and  synthesis. 
Harmonic  distortion  gives  rise  to  large  timing  errors  in 
phase  or  zero  crossing  detectors.  These  large  timing 
errors  may  cause  unacceptable  sensitivity  to  environ- 
mental conditions  or  signal  fluctuations.  Two  types  of 
phase  detectors  are  considered  in  the  paper.  The  tim- 
ing errors  in  an  ideal  zero  crossing  detector  is  cal- 
culated as  a  function  of  harmonic  number  and  the 
phase  of  the  harmonic  relative  to  the  fundamental.  Ex- 
perimental data  from  several  mixers  at  5  MHz  and  dif- 
ferent drive  levels  show  that  this  model  is  a  first-order 
approximation  to  real  devices.  The  low  sensitivity  to  the 
second  harmonic  is  an  important  advantage  over  true 
zero-crossing  detectors  because  it  is  difficult  to  signifi- 
cantly reduce  the  second  harmonic  without  introducing 
large  phase  shifts  due  to  filtering  networks. 
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Electric-field  strengths  were  measured  at  a  number  of 
points  near  5-W  personal  transceivers.  The  points 
were  located  on  cylinders  of  revolution  with  radii  of  7 
and  12  cm  around  the  antenna.  The  transceivers  oper- 
ated on  four  authorized  frequencies  of  40.27,  162.475, 
464,  and  823  MHz,  and  radiated  powers  of  5,  5,  5,  and 
3  W,  respectively.  In  some  cases,  these  measured  val- 
ues exceeded  the  exposure  limits  suggested  in  ANSI 
Standard  C95. 1-1982. 
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The  authors  have  examined  various  properties  of  high 
characteristic  frequency  YBCO  superconductor-  nor- 
mal-superconductor (SNS)  Josephson  junctions  that 
are  important  to  their  performance  as  low-noise  THz 
frequency  mixers.  Without  far-infrared  laser  illumina- 
tion, the  microwavefrequency  noise  temperature  to  our 
lowest  noise  device  shows  good  agreement  with  the 
predictions  of  the  resistivity  shunted  Josephson  model 
in  applicable  regions  of  bias.  It  has  a  maximum  noise 
temperature  of  36  plus  or  minus  K  at  a  physical  tem- 
perature of  4  K.  When  illuminatedwith  a  404  GHz  far- 
IR  laser  local  oscillator  (LO)  and  a  chopped  77  K 
blackbody  signal,  strong  modulation  of  the  1  GHz  IF 
noise  power  is  observed.  However,  certain  features  of 
the  modulated  IF  power  signal  strongly  suggest  that 
a  larger  fraction  of  it  is  not  true  heterodyne  detection. 
The  spurious  component  is  probably  due  to  direct  de- 
tection ofthe  broadband  hot  load/cold  load  signal.  The 
authors  believe  that  reliable  measurement  of  hetero- 
dyne performance  will  require  narrowband  signal 
sources. 
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Materials  produced  by  the  National  Institute  of  Stand- 
ards and  Technology  (NIST)  for  the  standardized  eval- 
uation of  computer  speech  recognition  systems  are  de- 
scribed. 
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The  selective  application  of  technological  and  related 
procedural  safeguards  is  an  important  responsibility  of 
every  Federal  organization  in  providing  adequate  se- 
curity in  its  computer  and  telecommunications  sys- 
tems. The  publication  provides  a  standard  to  be  used 
by  Federal  organizations  when  these  organizations 
specify  that  cryptographic-based  security  systems  are 
to  be  used  to  provide  protection  for  sensitive  or  valu- 
able data.  Protection  of  accryptographic  module  within 
a  security  system  is  necessary  to  maintain  the  con- 
fidentiality and  integrity  of  the  information  protected  by 
the  module.  This  standard  specifies  the  security  re- 
quirements that  are  to  be  satisfied  by  a  cryptographic 
module.  The  standard  provides  four  increasing,  quali- 
tative levels  of  security  intended  to  cover  a  wide  range 
of  potential  applications  and  environments.  The  secu- 
rity requirements  cover  areas  related  to  the  secure  de- 
sign and  implementation  of  a  cryptographic  module. 
These  areas  include  basic  design  and  documentation, 
module  interfaces,  authorized  roles  and  services, 
physical  security,  software  security,  operating  system 
security,  key  management,  cryptographic  algorithms, 
electromagnetic  interference/electromagnetic  compat- 
ibility (EMI/EMC),  and  self-testing.  This  revision  super- 
sedes FIPS  140  in  its  entirety. 
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ing, Data  processing,  Cryptology,  Data  encryption, 
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This  standard  specifies  a  Secure  Hash  Algorithm 
(SHA-1)  which  can  be  used  to  generate  a  condensed 
representation  of  a  message  called  a  message  digest. 
The  SHA-1  is  required  for  use  with  the  Digital  Signa- 
ture Algorithm  (DSA)  as  specified  in  the  Digital  Signa- 
ture Standard  (DSS)  and  whenever  a  secure  hash  al- 
gorithm is  required  for  Federal  applications.  The  SHA- 
1  is  used  by  both  the  transmitter  and  intended  receiver 
of  a  message  in  computing  and  verifying  a  digital  sig- 
nature. 
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The  standard  specifies  an  encryption/decryption  algo- 
rithm and  a  Law  Enforcement  Access  Field  (LEAF)  cre- 
ation method  which  may  be  implemented  in  electronic 
devices  and  used  for  protecting  government  tele- 
communications when  such  protection  is  desired.  The 
algorithm  and  the  LEAF  creation  method  are  classified 
and  are  referenced,  but  not  specified,  in  the  standard. 
Electronic  devices  implementing  the  standard  may  be 
designed  into  cryptographic  modules  which  are  inte- 
grated into  data  security  products  and  systems  for  use 
in  data  security  applications.  The  LEAF  is  used  in  a 
key  escrow  system  that  provides  for  decryption  of  tele- 
communications when  access  to  the  telecommuni- 
cations is  lawfully  authorized. 
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This  standard  specifies  a  Digital  Signature  Algorithm 
(DSA)  which  can  be  used  to  generate  a  digital  signa- 
ture. Digital  signatures  are  used  to  detect  unauthorized 
modifications  to  data  and  to  authenticate  the  identity 
of  the  signatory.  In  addition,  the  recipient  of  signed 
data  can  use  a  digital  signature  in  proving  to  a  third 
party  that  the  signature  was  in  fact  generated  by  the 
signatory.  This  is  known  as  nonrepudiation  since  the 
signatory  cannot,  at  a  later  time,  repudiate  the  signa- 
ture. 
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Information  Transfer  security  labels  convey  information 
used  by  protocol  entities  to  determine  how  to  handle 
data  communicated  between  open  systems.  Informa- 
tion on  a  security  label  can  be  used  to  control  access, 
specify  protective  measures,  and  determine  handling 
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restrictions  required  by  a  communications  security  pol- 
icy. This  standard  defines  a  security  label  syntax  for 
information  exchanged  over  data  networks  and  pro- 
vides encodings  of  that  syntax  for  use  at  the  Applica- 
tion and  Network  Layers. 
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Data  Encryption  Standard  (DES);  Category:  Com- 
puter Security;  Subcategory:  Cryptography. 

30  Dec  93,  23p. 
Supersedes  FIPS  PUB  46-1 . 

Three  ring  vinyl  binder  available;  North  American  Con- 
tinent price  $7.00;  all  others  write  for  quote. 

Keywords:  'Data  encryption,  'Federal  information 
processing  standards,  Computer  security,  Algorithms, 
Cryptography,  Data  integrity,  Data  processing  security. 

The  selective  application  of  technological  and  related 
procedural  safeguards  is  an  important  responsibility  of 
every  Federal  organization  in  providing  adequate  se- 
curity to  its  electronic  data  systems.  The  publication 
specifies  a  crypotographic  algorithm  which  may  be 
used  by  Federal  organizations  to  protect  sensitive 
data.  Protection  of  data  during  transmission  or  while 
in  storage  may  be  necessary  to  maintain  the  confiden- 
tiality and  integrity  of  the  information  represented  by 
the  data.  The  algorithm  uniquely  defines  the  mathe- 
matical steps  required  to  transform  data  into  a 
crypotographic  cipher  and  also  to  transform  the  cipher 
back  to  the  original  form.  The  Data  Encryption  Stand- 
ard is  being  made  available  for  use  by  Federal  agen- 
cies within  the  context  of  a  total  security  program  con- 
sisting of  physical  security  procedures,  good  informa- 
tion management  practices,  and  computer  system/net- 
work access  controls.  The  revision  supersedes  FIPS 
46-1  in  its  entirety. 
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General  Procedures  for  Registering  Computer  Se- 
curity Objects. 

N.  A.  Nazario.  Dec  93,  23p,  NISTIR-5308. 

Keywords:  "Computer  security,  "Standards,  Services, 
Fees,  Requirements,  Labels,  *CSOR(Computer  Secu- 
rity Objects  Register),  Registration. 

The  document  defines  a  Computer  Security  Objects 
Register  (CSOR).  It  outlines  the  information  required 
for  the  assignment  of  unique  identifiers  to  the  specifica- 
tions of  Computer  Security  Objects  (CSOs).  A  CSO 
can  be  defined  as  a  resource,  tool,  or  mechanism  used 
to  maintain  a  condition  of  security  in  computerized  en- 
vironments. This  broad  definition  covers  many  ele- 
ments that  are  referred  to  in  standards  but  that  are  ei- 
ther selected  or  defined  by  separate  user  communities 
(e.g.,  network  security  labels,  cryptographic  algorithm 
operation  modes,  authentication  techniques).  The 
CSOR  services  organizations  and  individuals  seeking 
to  further  interoperability  by  using  a  common  set  of 
tools  and  techniques  in  the  area  of  computer  security. 
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Certificate  Management.  Held  on  December  10-11, 
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D.  K.  Branstad.  Oct  93,  187p,  NISTIR-5234. 

Keywords:  'Computer  security,  "Cryptography, 
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security,  "Digital  signatures,  National  Institute  of 
Standards  and  Technology. 

This  report  summarizes  the  major  topics  of  discussion 
held  during  a  Workshop  on  Ditigal  Signature  Certificate 
Management  held  at  the  National  Institute  of  Stand- 
ards and  Technology  (NIST)  on  December  10-11, 
1992.  The  purpose  of  the  workshop  was  to  review  ex- 
isting and  required  technologies  for  digital  signature 
certification  authorities  and  to  develop  recommenda- 
tions for  certificate  contents,  formats,  generation,  dis- 
tribution and  storage.  The  results  of  the  workshop  have 
been  provided  as  input  to  a  federally  sponsored  study 
of  support  infrastructures  of  a  set  of  international  and 
national  signature  certification  authorities.  A  summary 
of  the  major  issues  discussed  and  the  recommenda- 
tions on  several  of  them  are  presented. 
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Proceedings  of  the  Workshop  on  the  Federal  Cri- 
teria for  Information  Technology  Security.  Held  in 
Ellicot  City,  Maryland  on  June  2-3, 1993. 
J.  A.  Cugini,  P.  Toth,  G.  Troy,  T.  Mayfield,  M. 
Abrams,  L.  Fraime,  V.  Gligor,  L.  M.  Ambuel,  and  F. 
Mayer.  Mar  94,  74p,  NISTIR-5386. 
Prepared  in  cooperation  with  National  Security  Agen- 
cy/Central Security  Service,  Fort  George  G.  Meade, 
MD. 

Keywords:  "Meetings,  "Computer  security.  Access 
control,  Data  processing  security,  Computer  privacy, 
Standards,  North  America,  Europe,  "Federal  Criteria, 
National  Institute  of  Standards  and  Technology,  Na- 
tional Security  Agency,  Common  Criteria  Editorial 
Board,  ISO(lnternational  Standards  Organization). 

The  first  draft  of  the  Federal  Criteria  was  made  public 
in  January  1993.  Several  thousand  copies  of  the  Fed- 
eral Criteria  were  distributed  and  comments  on  this  first 
draft  were  received.  The  purpose  of  the  Federal  Cri- 
teria Workshop  was  to  address  these  comments.  The 
purpose  of  these  proceedings  is  to  inform  the  Federal 
Criteria  commentators  and  the  workshop  attendees  of 
the  outcome  of  the  workshop.  Also,  these  proceedings 
will  be  used  as  a  blueprint  for  updating  the  Federal  Cri- 
teria. These  proceedings,  and  the  revised  portions  of 
the  draft  Federal  Criteria  contents,  will  be  the  two  prin- 
cipal National  Institute  of  Standards  and  Technology 
(NIST)/National  Security  Agency  (NSA)  inputs  to  the 
Common  Criteria  Editorial  Board  (CCEB).  Preliminary 
plans  for  dealing  with  the  Federal  Criteria  comments 
are  included  in  this  document,  and  all  revisions  will  be 
performed  under  the  direction  of  NIST  and  the  NSA. 
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Conformance  Assessment  of  Transport  Layer  Se- 
curity Implementations. 

W.  A.  Jansen.  Dec  93,  23p,  NISTIR-5325. 
See  also  AD-A207  905  and  AD-A255  422. 

Keywords:  "Computer  networks,  "Protocols, 
"Computer  security,  Tests,  Data  integrity,  Computer  in- 
formation security,  Authentication,  Access  control, 
OSI(Open  System  Interconnection),  TLSP(Transport 
Layer  Security  Protocol),  SP4(Security  Protocol  at 
layer  4),  SDNS(Secure  Data  Network  System). 

The  paper  presents  a  framework  for  evaluating  con- 
formance of  a  protocol  implementation  to  the  Security 
Protocol  at  layer  4  (SP4)  standard.  SP4  is  one  element 
of  the  Secure  Data  Network  System  (SDNS)  architec- 
ture, used  to  provide  security  services  at  the  Transport 
layer  of  the  Open  System  Interconnection  (OSI)  ref- 
erence model.  SP4  also  forms  the  basis  of  the  Inter- 
national Organization  for  Standardization  (ISO)  stand- 
ard for  the  OSI  Transport  Layer  Security  Protocol 
(TLSP).  Therefore,  with  few  exceptions,  the  findings  of 
the  paper  are  applicable  to  TLSP.  The  paper  explores 
the  relationship  between  conformance  assessment, 
interoperability  assessment,  and  security  evaluation  of 
security  protocols.  The  OSI  conformance  testing  meth- 
odology and  framework  is  reviewed,  and  a  strategy  is 
given  for  applying  this  methodology  to  SP4  implemen- 
tations. 
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June  8-11,  1993,  p843-855. 

Keywords:  "Computer  networks,  "Computer  security, 
"Protocols,  'Conformity,  Tests,  Communication  net- 
works, Reprints,  Conformance  testing,  OSI(Open  Sys- 
tem Interconnection),  SDNS(Secure  Data  Network 
System),  ISO(lnternational  Organization  for  Standard- 
ization), TLSP(Transport  Layer  Security  Protocol). 

This  paper  presents  a  framework  for  evaluating  con- 
formance of  a  protocol  implementation  to  the  Security 
Protocol  at  layer  4  (SP4)  standard.  SP4  is  one  element 


of  the  Secure  Data  Network  System  (SDNS)  architec- 
ture, used  to  provide  security  services  at  the  transport 
layer  of  the  Open  System  Interconnection  (OSI)  ref- 
erence model.  SP4  also  forms  the  basis  of  the  recently 
completed  ISO  standard  for  the  Transport  Layer  Secu- 
rity Protocol  (TLSP).  The  paper  explores  the  relation- 
ship between  conformance  testing  and  security  eval- 
uations of  security  protocols  in  general,  and  SP4  in 
particular.  The  OSI  conformance  testing  methodology 
is  reviewed,  and  a  strategy  is  given  for  applying  the 
methodology  to  SP4  implementations. 
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Federal  Certification  Authority  Liability  and  Policy: 
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Sponsored  by  National  Inst,  of  Standards  and  Tech- 
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Keywords:  "Computer  security,  "Cryptography, 
"Law(Jurisprudence),  Computer  information  security, 
Government  policies,  Legal  aspects,  Data  processing 
security,  Electronic  mail,  Recommendations,  Digital 
signatures,  EDI(Electronic  Data  Interchange),  National 
Institute  of  Standards  and  Technology,  FCA(Federal 
Certification  Authority),  Infrastructure,  PEM(Privacy 
Enhanced  Mail). 

The  report  identifies  diverse  technical,  legal  and  policy 
issues  affecting  a  certificate-based  public  key  cryp- 
tographic infrastructure  utilizing  digital  signatures  sup- 
ported by  'trusted  entities.'  It  examines  potential  legal 
implications,  surveys  existing  legal  paradigms  and  the 
structures  and  roles  of  relevant  governmental  agencies 
and  presents  various  institutional  approaches  to  con- 
trolling liability.  It  considers  the  underpinnings  of  a  legal 
and  policy  framework  which  might  serve  as  a  founda- 
tion for  security  policies  and  their  implementation  and 
concludes  with  a  series  of  recommendations,  both 
general  and  specific. 
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See  also  PB93-1 38956. 

Keywords:  "Data  processing  security,  "Federal  agen- 
cies, Requirements,  Standards,  Computer  security, 
Computer  information  security,  Surveys,  Tables(Data), 
*IT(lnformation  Technology),  "Information  Technology, 
"National  Institute  of  Standards  and  Technology. 

The  report  presents  the  results  of  a  National  Institute 
of  Standards  and  Technology  (NIST)  study  to  deter- 
mine and  document  what  federal  agencies  need  to 
meet  their  information  technology  (IT)  security  require- 
ments. A  meeting  of  the  NIST  IT  Security  Needs  Study 
Working  Group  was  held  at  NIST  in  September  1992 
to  review  and  comment  on  the  study  results.  This  re- 
port reflects  the  working  group  input.  The  results  of  the 
study  contribute  to  a  sound  basis  for  planning  future 
NIST  IT  security  standards,  guidance,  and  related  ac- 
tivities. 
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The  role  of  the  sensory  processing  system  is  to  trans- 
form sensory  maps  into  world  model  maps  and  to  ex- 
tract entity  attributes  and  states.  The  role  of  the  world 
modeling  system  is  to  store  best  estimates  of  the  ex- 
tracted values,  and  to  generate  from  them,  predicted 
inputs.  There  is  a  tight  coupling  between  sensory  proc- 
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essing  and  world  modeling.  The  world  model  gen- 
erates predicted  sensory  input  from  stored  state  esti- 
mates. The  sensory  processing  system  compares  pre- 
dictions with  observations,  and  returns  the  difference 
signals  to  the  world  model  for  updating  state  esti- 
mators. The  sensory  processing  system  also  performs 
spatial  and  temporal  integration  on  various  combina- 
tions of  observed  and  predicted  data,  and  compares 
the  resulting  correlation  function  against  thresholds  of 
recognition  and  detection. 
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Pub.  in  Proceedings  of  the  Institute  of  Electrical  and 
Electronics  Engineers  International  Symposium  on  In- 
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Keywords:  "Artificial  intelligence,  'Models,  Machine 
learning,  Knowledge  representation,  Robotics,  Task 
planning(Robotics),  Sensory  perception,  Interfaces, 
Reprints,  'World  models. 

The  world  model  is  the  intelligent  system's  best  esti- 
mate of  the  external  world.  It  provides  an  interface  be- 
tween sensory  processing  and  task  decomposition.  A 
world  model  architecture  is  proposed  that  represents 
knowledge  in  terms  of  maps,  entity  frames,  and  state 
variables.  The  structure  is  hierarchically  organized  so 
as  to  provide  multiple  levels  of  resolution  in  space  and 
time.  Three  types  of  map  coordinates  are  important: 
egospheres,  object  coordinates,  and  world  coordi- 
nates. Value  judgments  provided  an  evaluation  of  hy- 
pothesized plans,  and  perceived  objects,  events,  and 
situations.  Evaluations  produce  value  state-variables 
that  indicate  cost,  benefit,  risk,  priority,  desirability, 
attractiveness,  and  uncertainty. 
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A  theoretical  model  is  proposed  consisting  of  seven 
basic  elements:  actuators,  sensors,  sensory  process- 
ing, world  modeling,  task  decomposition,  value  judg- 
ment, and  global  memory/communications.  These  ele- 
ments are  integrated  into  a  hierarchical  system  archi- 
tecture wherein:  (1)  control  bandwidth  decreases 
about  an  order  of  magnitude  at  each  higher  level,  (2) 
perceptual  resolution  of  spatial  and  temporal  patterns 
contracts  about  an  order-of-magnitude  at  each  higher 
level,  (3)  goals  expand  in  scope  and  planning  horizons 
expand  in  space  and  time  about  an  order-of-magnitude 
at  each  higher  level,  and  (4)  models  of  the  world  and 
memories  of  events  expand  in  space  and  time  by  about 
an  order-of-magnitude  at  each  higher  level.  At  each 
level,  tightly  coupled  functional  modules  perform  task 
decomposition,  world  modeling,  sensory  processing, 
and  value  judgments.  Feedback  control  loops  are 
closed  at  every  level. 
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The  document  contains  the  introductory  remarks  to  the 
First  International  Symposium  on  Integrated  Network 
Management. 
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See  also  FIPS  PUB  185.  Sponsored  by  National  Inst, 
of  Standards  and  Technology  (CSL),  Gaithersburg, 
MD.  Computer  Security  Div. 

Keywords:  'Data  encryption,  'Data  processing  secu- 
rity, Federal  information  processing  standards,  Algo- 
rithms, Computer  software,  Computer  program  integ- 
rity, Requirements,  Industries,  Computer  security, 
'Key  escrow  encryption,  EESfEscrowed  Encryption 
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The  purpose  of  this  workshop  was  to  initiate  a  dialogue 
among  representatives  from  industry,  government  and 
academia  regarding  issues  of  key  escrow  encryption. 
Workshop  presentations  and  discussions  included  cur- 
rent progress  in  the  planned  usage  of  CAPSTONE/ 
CLIPPER  chips,  the  alternative  of  software  key 
escrowing,  multipurpose  key  escrowing  methods,  pri- 
vate key  escrow  management,  integrity  requirements 
of  application  systems,  and  international  implications. 
The  proposed  plan  of  action,  arising  from  this  work- 
shop, is  to  establish  a  joint  industry/government  work- 
ing group  to  critically  evaluate  all  known  key  escrowing 
proposals;  examine  the  adequacy  of  existing  (and  pos- 
sibly suggesting  new)  vehicles  for  collaborative  indus- 
try/government research  and  development;  identify 
and  evaluate  suitable  algorithms  for  use  in  conjunction 
with  key  escrow  along  with  criteria  for  determining  ac- 
ceptability; identify  and  address  the  issues  of  intellec- 
tual property  which  are  inherent  in  any  public  royalty- 
free  usage  of  algorithms,  key  escrow  methodology, 
and  supporting  infrastructure;  and  create  a  key 
escrowing  task  force  to  manage  and  expedite  the 
search  for  key  escrow  alternatives. 
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This  paper  describes  the  application  of  formal  speci- 
fication and  verification  methods  to  two 
microprocessor-based  devices:  a  'smart-token'  system 
that  controls  access  to  a  network  of  workstations,  and 
a  message  authentication  device  implementing  the 
ANSI  X9.9  message  authentication  standard.  A  state- 
based  specification  for  the  smart  token  system  was 
prepared  and  verified  using  the  Unisys  Formal  Devel- 
opment Methodology.  The  message  authentication  de- 
vice specification  used  the  Vienna  Development  Meth- 
od, which  is  based  on  denotational  semantics.  Formal 
specification  and  verification  were  found  to  be  prac- 
tical, cost-effective  tools  for  detecting  potential  security 
weaknesses.  The  security  of  the  access  control  system 
was  strengthened  as  a  result  of  the  analysis.  An  unex- 
pected result  was  the  discovery  of  ambiguities  in  a 
published  standard. 
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Computer  Security  Associates,  Silver  Spring,  MD. 

Keywords:  'Meetings,  'Computer  security,  Data  proc- 
essing security,  Computer  privacy,  Computer  informa- 
tion security,  Data  integrity,  Government  policies,  Dis- 
tributed computer  systems,  Operating 
systems(Computers). 

The  purpose  of  the  Invitational  Workshop  on  Informa- 
tion Technology  (IT)  Assurance  and  Trustworthiness 
was  to  identify  crucial  issues  on  assurance  in  IT  sys- 
tems and  to  provide  input  into  the  development  of  pol- 
icy guidance  on  determining  the  type  and  level  of  as- 
surance appropriate  in  a  given  environment.  The  read- 
ers of  these  proceedings  include  those  who  handle 
sensitive  information  involving  national  security,  pri- 
vacy, commercial  value,  integrity,  and  availability.  Ex- 
isting IT  security  policy  guidance  is  based  on  computer 
and  communications  architectures  of  the  early  1980s. 
Technological  changes  since  that  time  mandate  a  re- 
view and  revision  of  policy  guidance  on  assurance  and 
trustworthiness,  especially  since  the  changes  encom- 
pass such  technologies  as  distributed  systems,  local 
area  networks,  the  worldwide  Internet,  policy-enforcing 
applications,  and  public  key  cryptography. 
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The  National  Computer  Systems  Laboratory  (NCSL) 
developed  a  bibliography  that  identifies  eight  glos- 
saries that  contain  computer  security  terms  and  defini- 
tions. These  glossaries  were  developed  by  Federal 
Government  agencies,  the  American  National  Stand- 
ards Institute  (ANSI)  Accredited  Standards  Committee 
X3K5,  and  private  sector  organizations.  The  purpose 
of  the  bibliography  is  to  provide  a  guide  to  computer 
security  glossaries  that  can  be  used  by  Federal  Gov- 
ernment agencies  to  promote  common  understanding 
of  computer  security  terms,  concepts,  and  procedures. 
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Prepared  in  cooperation  with  Florida  Atlantic  Univ., 
Boca  Raton.  Robotics  Center.  Sponsored  by  National 
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Keywords:  'Motion,  'Optical  tracking,  'Computer  vi- 
sion, 'Two  dimensional  flow,  Feature  extraction,  Pat- 
tern recognition,  Image  processing,  Algorithms,  Pixels, 
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This  paper  describes  a  robust,  pixel-based  adaptive  al- 
gorithm to  track  image  features,  both  spatially  and  tem- 
porally, over  a  sequence  of  monocular  images.  The  al- 
gorithm assumes  no  a  priori  knowledge  about  the  fea- 
tures to  be  tracked,  or  the  motion  of  the  camera  or  the 
objects,  in  the  3-D  scene.  The  features  to  be  tracked 
are  selected  by  the  algorithm  and  these  correspond  to 
the  peaks  of  a  'matching  surface'  constructed  from  the 
first  image  of  the  sequence  to  be  analyzed.  Any  kind 
of  motion  can  be  tolerated  keeping  in  mind  the  pixels- 
per-frame  motion  limitations.  In  our  experiments,  we 
have  used  the  algorithm  for  tracking  up  to  3  pixels  mo- 
tion between  frames  with  absolutely  no  subpixel  cal- 
culations being  necessary.  Taking  into  account  con- 
straints of  temporal  continuity,  the  algorithm  uses  sim- 
ple and  efficient  predictive  tracking  over  multiple 
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frames.  The  algorithm  accepts  a  slow,  continuous 
change  of  brightness  D.C.  level  in  the  pixels  of  the  fea- 
ture. Trajectories  of  features  on  multiple  objects  can 
be  computed.  As  an  application  of  the  algorithm  we 
show  how  the  algorithm  can  be  used  to  find  the  Focus 
of  Expansion  (FOE)  using  a  sequence  of  real  images. 
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The  training  and  awareness  courses  in  this  compen- 
dium correspond  to  the  matrix  in  NIST  Special  Publica- 
tion 500-172,  Computer  Security  Training  Guidelines 
(PB90-780172).  Special  Publication  500-172  is  used 
as  reference  under  the  OPM  regulation  that  imple- 
ments Public  Law  100-235,  the  Computer  Security  Act 
of  1987,  which  requires  training  for  all  employees  re- 
sponsible for  the  management  and  use  of  federal  com- 
puter systems  that  process  sensitive  information. 
Under  the  regulation,  agencies  will  be  responsible  for 
identifying  the  employee  to  be  trained  and  providing 
appropriate  training.  In  addition  to  the  table  of  contents, 
which  lists  the  courses,  there  are  four  appendices:  (1) 
lists  the  course  by  training  areas  within  audience  cat- 
egories as  defined  in  NIST  Special  Publication  500- 
172;  (2)  lists  the  vendors  that  participated  in  this  effort; 
(3)  lists  the  specific  products  for  which  training  is  avail- 
able; and  (4)  lists  the  product  specific  courses. 
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The  so-called  Markov  estimator  is  sometimes  used  to 
estimate  signals  from  their  time-jittered  samples.  The 
estimates  are  unbiased  for  monotonic  signals,  but  ex- 
hibit errors  in  regions  of  nonmonotonicity.  A  method  of 
compensation  is  presented  to  reduce  this  error.  It  re- 
quires a  knowledge  of  the  probability  density  functions 
(PDF)  of  the  time  jitter,  and  a  proposed  method  for  de- 
termining the  PDF  based  on  the  generalized  Markov 
estimator  has  been  verified  through  simulations.  The 
performance  of  the  compensation  approach  is  pre- 
sented for  four  different  nonmonotonic  waveforms. 
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The  paper  discusses  an  alternative  approach  to  visual 
road  following  in  which  a  minimal  road  model  is  gen- 
erated. The  model  contains  only  task-relevant  informa- 
tion and  a  minimum  of  vision  processing  is  performed 
to  extract  this  information.  This  approach  leads  to  rapid 
and  continuous  update  of  the  road  model  from  the  vis- 


ual data.  Road  following  is  achieved  by  servoing  on 
the  visual  cues  in  the  2-D  model.  In  this  paper,  two 
specific  examples  of  road  following  that  use  this  ap- 
proach are  presented.  In  the  first  example,  we  show 
that  road  following  commands  can  be  generated  from 
visual  cues  consisting  of  the  projection  into  the  image 
of  the  tangent  point  on  the  edge  of  the  road,  along  with 
the  optical  flow  of  this  point.  Using  this  cue,  the  result- 
ing servo  loop  is  very  simple  and  fast.  In  the  second 
example,  we  show  that  lane  markings  can  be  robustly 
tracked  in  real  time  while  confining  all  processing  to 
the  2-D  image  plane.  Neither  knowledge  of  vehicle  mo- 
tion nor  a  calibrated  camera  is  required. 
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Keywords:  'Computer  networks,  'Computer  security, 
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The  Secure  Data  Network  System  (SDNS)  program 
has  developed  a  security  architecture  based  on  the 
International  Organization  for  Standardization  (ISO) 
Basic  Reference  Model  for  Open  Systems  Inter- 
connection (OSI).  The  SDNS  standards  include  lower 
layer  security  protocols,  a  key  management  protocol, 
and  a  framework  for  access  control.  This  paper  pro- 
vides an  overview  of  SDNS  security  management  and 
its  relationship  to  OSI  systems  management.  A  con- 
ceptual data  model  of  SDNS  security  management  in- 
formation is  presented.  The  overview  also  includes  the 
naming  hierarchy  for  the  object  classes  defined  for 
SDNS  management  and  the  registration  scheme  pro- 
posed for  identifying  elements  of  SDNS  management 
information. 
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A  fixation  point  is  a  point  in  3-D  space  that  projects 
to  zero  optical  flow  in  an  image  over  some  period  of 
time  while  the  camera  is  moving.  This  paper  deals  with 
quantitative  aspects  of  camera  fixation  for  a  static 
scene.  In  general,  when  the  camera  undergoes  trans- 
lation and  rotation,  there  is  an  infinite  number  of  points 
that  produce  equal  optical  flow  for  any  instantaneous 
point  in  time.  Using  a  camera-centered  spherical  co- 
ordinate system,  it  is  shown  how  to  find  these  points 
in  space.  If  the  elevation  component  of  the  optical  flow 
is  set  to  zero,  then  these  points  form  a  circle  (called 
the  Equal  Flow  Circle  (EFC))  and  a  line.  A  special  case 
of  the  EFCs  is  the  Zero  Flow  Circle  (ZFC)  where  both 
components  of  the  optical  flow  are  equal  to  zero.  In 
a  set  of  experiments  using  simulated  as  well  as  real 
data,  we  show  how  the  concept  of  the  EFC  and  ZFC 
can  be  used  to  explain  the  optical  flow  produced  by 
points  near  the  fixation  point,  and  to  explicitly  map  the 
space  while  fixating.  It  is  also  shown  experimentally 
that  points  near  the  fixation  point  may  change  the  sign 
of  their  optical  flow  as  the  camera  moves. 


01,594 

PB95-1 62244       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (MEL), 
Gaithersburg,  MD.  Robot  Systems  Div. 
Unified  Approach  to  Camera  Fixation  and  Vision- 
Based  Road  Following. 
Final  rept. 

D.  Raviv,  and  M.  Herman.  1994,  53p. 
Pub.  in  Institute  of  Electrical  and  Electronics  Engineers 
Transactions  on  Systems,  Man,  and  Cybernetics  24, 
n8  53p  Aug  94. 


Keywords:  'Autonomous  navigation,  'Robotics, 
'Computer  vision,  Robots,  Robot  dynamics,  Optical 
flow(lmage  analysis),  Cameras,  Reprints,  'Camera  fix- 
ation, 'Road  following. 

Both  camera  fixation  and  vision-based  road  following 
are  problems  that  involve  tracking  or  fixating  on  3-D 
points  and  features.  These  problems  also  require  an 
analysis  of  depth  and  motion.  We  present  a  theoretical 
approach  to  analyzing  optical  flow  and  show  the  appli- 
cation of  this  unified  approach  to  both  problems.  In 
general,  when  a  camera  undergoes  translation  and  ro- 
tation, there  is  an  infinite  number  of  points  in  3-D  space 
that  produce  equal  optical  flow  for  any  point  in  time. 
Using  a  camera-centered  spherical  coordinate  system, 
we  show  how  to  find  these  points  in  space.  If  the  ele- 
vation component  of  the  optical  flow  is  set  to  zero,  then 
these  points  form  a  circle  (called  the  Equal  Flow  Circle 
(EFC))  and  a  line.  A  special  case  of  the  EFCs  is  the 
Zero  Flow  Circle  (ZFC)  where  both  components  of  the 
optical  flow  are  equal  to  zero.  The  fixation  point  is  the 
intersection  of  all  the  ZFCs.  Points  inside  and  outside 
of  the  ZFC  can  be  quantitatively  mapped  using  the 
EFCs.  Using  the  ZFCs  approach,  we  suggest  a  new, 
quantitative,  vision-based  approach  to  road  following. 
We  show  that  motion  commands  can  be  generated 
from  a  visual  feature,  or  cue,  consisting  of  the  projec- 
tion into  the  image  of  the  tangent  point  on  the  edge 
of  the  road,  along  with  the  optical  flow  of  this  point. 
Using  this  cue,  we  suggest  a  vision-based  control  ap- 
proach. 
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This  NCSL  Bulletin  provides  an  overview  of  the  most 
frequently  asked  questions  regarding  Federal  Informa- 
tion Processing  Standard  46-1  (FIPS  PUB  46-1),  Data 
Encryption  Standard  (DES),  and  associated  topics  in- 
cluding: its  background,  technical  overview,  applicabil- 
ity, waivers  and  procedures,  DES  crytographic  keys, 
endorsement  of  DES  devices,  exportability  issues,  and 
validation  of  DES  implementations.  The  document 
does  not  establish  new  policy.  The  Bulletin  also  pro- 
vides a  list  of  reference  documents  regarding  the  DES. 
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'Data  base  administrators,  'Access  control,  Data  proc- 
essing security,  Electronic  security,  Classified  informa- 
tion, Classified  materials,  Vulnerability,  Privacy,  Con- 
fidentiality, Risk  assessment,  Computer  networks,  Op- 
erating systems(Computers),  Computer  program  in- 
tegrity, Data  management  systems,  Policies,  Reprints, 
Computer  security  management,  Computer  security 
planning,  Trusted  systems,  Computer  Security  Act. 

The  paper  describes  a  number  of  activities  sponsored 
by  NIST  to  improve  computer  security  management  in 
the  U.S.  Federal  government.  The  paper  presents  the 
results  of  the  computer  Security  Act-mandated  security 
plan  review  process  and  describes  a  number  of  proce- 
dural initiatives  NIST  has  taken  to  help  Federal  com- 
puter security  managers  meet  their  computer  security 
responsibilities.  The  paper  also  discusses  new  NIST 
technical  initiatives  in  applying  trusted  systems  tech- 
nology concepts  to  sensitive  systems,  as  a  powerful 
new  aid  to  assure  better  security  protection.  The  paper 
asserts  that  a  balanced  combination  of  technical  and 
non-technical  security  controls  is  needed  to  provide 
adequate  computer  security  for  Federal  systems. 
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The  document  provides  initial  guidance  to  Federal  de- 
partments and  agencies  on  the  use  of  trusted  systems 
technology  in  computer  systems  which  handle  unclas- 
sified sensitive  information. 
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The  use  of  a  skeleton  system  to  model  a  multi-proc- 
essor robot  control  architecture  offers  the  system  de- 
signer a  powerful  tool  to  configure  and  evaluate  system 
parameters.  This  paper  describes  the  skeleton  ap- 
proach as  applied  to  the  NASREM  robot  control  archi- 
tecture. The  skeleton  approach  creates  the  shell  of  a 
functioning  real-time  control  system  utilizing  the  actual 
hardware  and  operating  system  code  without  using  ac- 
tual application  code.  This  is  done  by  replacing  the 
processing  part  of  the  application  code  with  time 
delays.  Parameterization  of  time  delays,  communica- 
tion paths,  message  buffer  lengths,  and  process  allo- 
cation provides  for  rapid  prototyping  of  alternative  sys- 
tem architectures.  Actual  system  performance  is 
measured  to  provide  realistic  data  on  computation  and 
communication  loads.  The  skeleton  reporting  facility 
provides  quantitative  assessments  of  system  activity. 
To  illustrate  the  use  of  this  technique,  the  servo  level 
of  the  NASREM  hierarchy  will  be  modeled  using  a  5.0 
msec  cycle  time  on  a  multiprocessor  system,  and  com- 
pared with  the  actual  system. 
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The  paper  describes  several  ways  to  use  a  computer 
generated  environment  with  Mosaic.  The  first  is  to 
allow  the  user  to  interact  with  an  environment  dis- 
played as  part  of  the  Mosaic  document,  an  in-line 
image.  The  second  is  to  create  an  independent  proc- 
ess with  which  the  user  can  have  high  bandwidth  inter- 
action, i.e.  real  time  manipulations,  which  can  drive 


Mosaic  remotely.  These  techniques  demonstrate  that 
the  use  and  interaction  with  spatially  oriented  informa- 
tion spaces  are  practical.  Both  techniques  have  advan- 
tages and  disadvantages  which  are  discussed. 
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The  idea  of  visual  looming,  i.e.,  the  expansion  of  an 
object's  size  on  the  retina  due  to  its  decreasing  dis- 
tance from  the  observer,  can  be  used  as  a  powerful 
visual  cue  for  autonomous  obstacle  avoidance.  In  this 
paper  we  describe  a  method  of  measuring  looming 
quantitatively  by  fixating  a  camera  at  a  point  on  the  sur- 
face of  an  object  and  studying  the  texture  near  this 
point.  A  reduced  distance  of  the  camera  from  the  sur- 
face results  in  a  decline  in  the  density  of  the  texture 
primitives  in  the  image.  We  show  analytically  how 
looming  can  be  calculated  from  the  relative  change  in 
this  density  and  from  the  local  orientation  of  the  sur- 
face. The  method  is  applicable  for  both  stationary  and 
moving  obstacles  and  does  not  require  calculation  of 
range.  Results  of  looming  are  presented  for  various 
textural  surfaces,  in  different  orientations. 
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This  document  describes  a  worked  example  of  a  multi- 
agency  certification  and  accreditation  (C&A)  process 
implemented  by  several  Federal  agencies.  The  objec- 
tive of  the  document  is  to  provide  a  practical  example 
of  how  to  perform  multi-agency  C&A.  The  example  is 
based  on  a  project  implemented  for  the  Drug  Enforce- 
ment Administration  (DEA),  called  Mountain  Pass.  The 
project  was  implemented  to  improve  the  El  Paso  Intel- 
ligence Center  (EPIC)  information  system  and  related 
communications  to  satisfy  EPIC'S  current  and  antici- 
pated system  needs. 
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This  paper  presents  a  taxonomy  of  security  standards 
developed  to  ensure  a  systematic  review  of  security 
standardization  areas  appropriate  to  the  Department  of 
Defense  (DoD)  Goal  Security  Architecture.  The  taxon- 
omy relies  on  a  simple  paradigm  based  on  the  notions 
of  uniformity  and  quality.  This  approach  attempts  to 
provide  full  coverage  of  all  relevant  security  standards, 
yet  be  simple  to  understand  and  apply.  The  taxonomy 
is  also  open  to  further  refinements  and  adjustments. 
Because  of  the  flexibility  and  simplicity  of  the  taxon- 
omy, other  initiatives  involving  the  classification  of 
standards  may  benefit  from  its  use. 
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A  causal  regularizing  filter  is  described  for  selecting  an 
optimal  reconstruction  of  a  signal  from  a  deconvolution 
of  its  measured  data  and  the  measurement  instru- 
ment's impulse  response.  Measurement  noise  and  un- 
certainties in  the  instrument's  response  can  cause  the 
deconvolution  (or  inverse  problem)  to  be  ill-posed, 
thereby  precluding  accurate  signal  restoration.  Never- 
theless, close  approximations  to  the  signal  may  be  ob- 
tained by  using  reconstruction  techniques  that  alter  the 
problem  so  that  it  becomes  numerically  solvable.  A 
regularizing  reconstruction  technique  is  implemented 
that  automatically  selects  the  optimal  reconstruction 
via  an  adjustable  parameter  and  a  specific  stopping  cri- 
terion, which  is  also  described.  Waveforms  recon- 
structed using  this  filter  do  not  exhibit  large  oscillations 
near  transients  as  observed  in  other  regularized  recon- 
structions. Furthermore,  convergence  to  the  optimal 
solution  is  rapid. 
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Recently  it  has  been  demonstrated  that  robust,  real- 
time optical  flow  is  possible  using  standard  computing 
hardware.  One  limitation  of  this  correlation-based  algo- 
rithm is  that  it  does  not  give  truly  real-valued  image 
velocity  measurements.  Therefore,  it  is  not  obvious 
that  it  can  be  used  for  a  wide  range  of  robotic  vision 
tasks.  One  particular  application  for  optical  flow  is  time- 
to-contact:  based  on  the  equations  for  the  expansion 
of  the  optical  flow  field  it  is  possible  to  compute  the 
number  of  frames  remaining  before  contact  with  an  ob- 
served object.  Although  the  individual  motion  measure- 
ments of  this  algorithm  are  of  limited  precision,  they 
can  be  combined  to  produce  remarkably  accurate 
time-to-contact  measurements,  which  can  be  pro- 
duced in  real-time  on  standard  computing  hardware. 
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The  use  of  electronic  rather  than  paper-based  trans- 
actions has  reduced  costs  and  improved  efficiency  for 
many  organizations.  However,  the  use  of  this  tech- 
nology also  exposes  the  business  community  and  its 
customers  to  potential/severe  risks  from  the  accidental 
or  deliberate  alteration  of  data.  In  response  to  this  in- 
creased risk,  several  standards-setting  bodies  have 
developed  or  are  developing  standards  to  protect  infor- 
mation transferred  electronically.  This  chapter  dis- 
cusses two  computer-based  technologies-electronic 
funds  transfer  (EFT)  and  electronic  data  interchange 
(EDI)-and  several  of  the  standards  that  have  been  de- 
veloped specifically  for  them  including  message  au- 
thentication, encryption,  and  key  management. 
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The  Common  Criteria  is  an  effort  of  the  United  States, 
Europe,  and  Canada  to  align  their  existing  Information 
Technology  (IT)  security  criteria  into  one  Common  Cri- 
teria. The  goals  of  the  Common  Criteria  are  to  enhance 
existing  IT  product  security  development  and  evalua- 
tion criteria,  to  protect  previous  investments  in  IT  prod- 
uct security,  and  to  facilitate  international  harmoni- 
zation of  IT  product  security  development  and  evalua- 
tion criteria.  The  Common  Criteria  has  both  functional 
and  assurance  requirements.  These  requirements  can 
be  combined  to  form  Protection  Profiles  and  Security 
Targets. 
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The  National  Security  Agency  (NSA)  with  the  coopera- 
tion of  the  National  Institute  of  Standards  and  Tech- 
nology (NIST)  formed  a  technical  group  to  create  secu- 
rity requirements  for  distributed  systems.  These  in- 
clude requirements  for  data  confidentiality,  data  integ- 
rity, cryptography,  distributed  identification  and  authen- 
tication, as  well  as  for  access  control,  auditing,  system 
management,  trusted  path,  and  trusted  recovery  for 
distributed  systems.  These  requirements  are  being  re- 
viewed for  incorporation  within  the  Common  Criteria, 
which  is  a  joint  effort  of  the  United  States  (NSA  and 
NIST),  Canada,  France,  Great  Britain,  and  Germany 
to  come  up  with  a  single  criteria  for  security  require- 
ments. 
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The  Handbook  provides  a  broad  overview  of  computer 
security  to  help  readers  understand  their  computer  se- 
curity needs  and  develop  a  sound  approach  to  the  se- 
lection of  appropriate  security  controls.  The  Handbook 
includes  chapters  on  each  of  the  major  types  of  com- 
puter security  controls  and  an  example  of  how  they 
could  be  applied  within  a  hypothetical  organization. 


The  Handbook  contains  references  to  more  detailed 
how-to  books  and  articles. 
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Least-squares  sine-fit  algorithms  are  used  extensively 
in  signal-processing  applications.  The  parameter  esti- 
mates produced  by  such  algorithms  are  subject  to  both 
random  and  systematic  errors  when  the  record  of  input 
samples  consists  of  a  fundamental  sine  wave  cor- 
rupted by  harmonic  distortion  or  noise.  The  errors 
occur  because,  in  general,  such  sine-fits  will  incor- 
porate a  portion  of  the  harmonic  distortion  or  noise  into 
their  estimate  of  the  fundamental.  Bounds  are  devel- 
oped for  these  errors  for  least-squares  four-parameter 
(amplitude,  frequently,  phase,  and  offset)  sine-fit  algo- 
rithms. The  errors  are  functions  of  the  number  of  peri- 
ods in  the  records,  the  number  of  samples  in  the 
record,  the  number  of  samples  in  the  record,  the  har- 
monic order,  and  fundamental  and  harmonic  ampli- 
tudes and  phases.  The  bound  do  not  apply  to  cases 
in  which  harmonic  components  become  aliased. 
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This  bulletin  discusses  the  establishment  and  oper- 
ation of  a  security  program  as  a  management  function 
and  describes  some  of  the  features  and  issues  com- 
mon to  most  organizations. 
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This  session  focuses  on  security  requirements  that 
need  to  be  addressed  within  the  U.S.  Government 
Open  Systems  Interconnection  Profile  (FIPS  146-1) 
and  current  efforts  to  meet  them.  The  session  exam- 
ines Government  requirements,  discusses  emerging 
security  protocols,  and  describes  a  labeling  infrastruc- 
ture necessary  to  support  security  services  and  proto- 
cols. 
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A  fundamental  problem  in  model-based  computer  vi- 
sion is  that  of  identifying  to  which  of  a  given  set  of  con- 
cept classes  of  geometric  models  an  observed  model 
belongs.  Considering  a  'probe'  to  be  an  oracle  that  tells 
whether  or  not  the  observed  model  present  at  a  given 
point  in  an  image,  we  study  the  problem  of  computing 
efficient  strategies  ('decision  trees')  for  probing  an 
image,  with  the  goal  to  minimize  the  number  of  probes 
necessary  (in  the  worst  case)  to  determine  in  which 
class  the  observed  model  belongs.  We  prove  a  hard- 
ness result  and  give  strategies  that  obtain  decision 
trees  whose  height  is  within  a  log  factor  of  optimal. 
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The  number  of  personal  computer  viruses  continues 
to  grow  at  an  alarming  rate.  Many  of  these  viruses  are 
variants  (i.e.,  close  relatives)  of  'old'  viruses.  This  often 
results  in  less  than  accurate  identification  of  viruses. 
A  public  domain  technique  for  precise  identification  of 
viruses  if  needed,  This  paper  explores  various  alter- 
natives. 
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This  paper  provides  an  overview  of  the  philosophy,  ob- 
jectives, amd  methodology  of  a  proposed  new  program 
for  the  evaluation  of  trusted  information  technology 
products.  The  program  will  focus  on  products  with  the 
features  and  assurances  characterized  by  the  TCSEC 
(Trusted  Computer  System  Evaluaton  Criteria,  or  Or- 
ange Book)  B1  and  lower  levels.  The  program  is  in- 
tended to  be  fully  compatible  with  the  Federal  Criteria 
Version  I.  The  program  will  continue  to  emphasize  the 
credibility  and  fairness  of  the  evaluation  process.  The 
program  will  allow  a  sealless  transition  from  the  current 
process  in  which  National  Security  Agency  (NSA) 
alone  evaluates  products  and  populates  the  Evaluated 
Products  List  (EPL).  The  new  program  is  to  be  called 
the  Trust  Technology  Assesment  Program  (TTAP). 
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NIST  received  comments  from  109  separate  govern- 
ment agencies,  companies,  and  private  individuals 
concerning  the  proposed  Digital  Signature  Standard, 
Both  positive  and  negative  comments  were  received. 
However,  the  number  of  negative  comments  was  sig- 
nificantly larger  than  normally  received  for  a  proposed 
Federal  Information  Processing  Standard  (FIPS).  This 
paper  summarizes  the  major  comments,  both  positive 
and  negative  and  provides  responses  where  appro- 
priate. The  paper  highlights  the  anticipated  significant 
modifications  to  the  proposed  standard  and  concludes 
by  discussing  the  future  milestones  that  need  to  be  ac- 
complished before  the  proposed  DSS  becomes  a 
FIPS. 
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Keywords:  'Computer  security,  'Meetings,  Computer 
networks,  Cryptography,  Data  encryption,  Access  con- 
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rity, Infrastructure,  Costs,  'Public  key  certificates, 
'Digital  signatures. 

The  document  is  the  report  of  the  Invitational  Work- 
shop on  Public  Key  Infrastructure.  A  public  key  infra- 
structure provides  a  means  for  issuing  and  managing 
public  key  certificates,  which  may  be  used  to  provide 
security  services,  such  as  authentication,  integrity, 
confidentiality  and  non-repudiation,  between  strangers 
who  have  no  previous  knowledge  of  each  other.  Pa- 
pers were  presented  on  the  current  state  of  technology 
and  standards  for  a  Public  Key  Infrastructure,  manage- 
ment and  technical  issues,  escrowing  keys  used  for 
confidentiality  exchanges,  and  cost  models. 

07,6)7 

PB96-179155  (Order  as  PB96-177381 ,  PC  A07/ 
MF  A02) 

Cray  Research,  Inc.,  Calverton,  MD. 
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Prepared  in  cooperation  with  National  Inst,  of  Stand- 
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The  paper  is  a  blueprint  for  the  use  of  a  massively  par- 
allel SIMD  computer  architecture  for  the  simulation  of 
various  forms  of  computer  arithmetic.  The  particular 
system  used  is  a  DEC/MasPar  MP-1  with  4096  proc- 
essors in  a  square  array.  This  architecture  has  many 
advantages  for  such  simulations  due  largely  to  the  sim- 
plicity of  the  individual  processors.  Arithmetic  oper- 
ations can  be  spread  across  the  processor  array  to 
simulate  a  hardware  chip.  Alternatively  they  may  be 
performed  on  individual  processors  to  allow  simulation 
of  a  massively  parallel  implementation  of  the  arith- 
metic. 
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E.  C.  Flahavin.  Jun  96,  14p,  NISTIR-5810. 
Sponsored  by  Defense  Advanced  Research  Projects 
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Keywords:  'Federal  agencies,  'Computer  security, 
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essing security,  Electronic  security,  Privacy,  Confiden- 
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ards, Performance  evaluation,  Criteria,  'Trusted  sys- 
tems, Commercial  Licensed  Evaluation  Facilities. 


In  November  1990,  James  Burrows,  then  Director  of 
the  Computer  Systems  Laboratory  of  the  National  Insti- 
tute of  Standards  and  Technology  (NIST),  met  with  Eu- 
ropean officials  and  Steve  Walker  of  Trusted  Informa- 
tion Systems  to  discuss  initiating  a  preliminary  devel- 
opmental evaluation  of  the  trusted  Mach  (Tmach)  sys- 
tem against  the  European  developed  Inforamtion  Se- 
curity Evaluation  Criteria  (ITSEC).  As  a  result,  NIST  fi- 
nalized an  agreement  with  the  Advanced  Research 
Projects  Agency  (ARPA)  to  coordinate  and  oversee  the 
TMach  evaluation  work  to  be  done  by  Germany  and 
the  United  Kingdom.  The  document  describes  the 
multi-national  evaluation  experiment  of  the  Trusted 
Mach  system.  The  report  focuses  on  Phase  I  -  The  De- 
velopment Evaluation  Phase.  The  objective  is  to  pro- 
vide a  historical  journal  discussing  the  experiment,  and 
providing  insight  into  what  has  been  learned  and  ac- 
complished thus  far.  Discussed  are  the  objectives  of 
the  effort,  the  participants,  how  the  evaluation  has  pro- 
ceeded, and  the  benefit.  It  is  in  the  interest  of  the  U.S. 
Government  to  understand  how  these  two  criteria  differ 
in  practice  and  how  evaluations  done  under  each  may 
be  compared. 
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Computer  Security:  Generally  Accepted  Principles 
and  Practices  for  Securing  Information  Tech- 
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Special  pub. 

M.  Swanson,  and  B.  Guttman.  Sep  96,  63p,  NIST/ 
SP-800/14. 

Keywords:  'Computer  security,  Information  systems, 
Federal  agencies,  Local  area  networks,  Risk,  Com- 
puter viruses,  Computer  prevacy,  Data  integrity,  Man- 
agement, Personal  computers,  Principles,  Computer 
networks,  Data  encryption,  'Generally  Accepted  Prin- 
ciples and  Practices. 

As  more  organizations  share  information  electronically, 
a  common  understanding  of  what  is  needed  and  ex- 
pected in  securing  information  technology  (IT)  re- 
sources is  required.  This  document  provides  a  base- 
line that  organizations  can  use  to  establish  and  review 
their  IT  security  programs.  The  document  gives  foun- 
dation that  organizations  can  reference  when  conduct- 
ing multi-organizational  business  as  well  as  internal 
business.  Management,  internal  auditors,  users,  sys- 
tem developers  and  security  practioners  can  use  the 
guideline  to  gain  an  understanding  of  the  basic  security 
requirements  most  IT  systems  should  contain.  The 
foundation  begins  with  generally  accepted  system  se- 
curity principles  and  continues  with  common  practices 
that  are  used  in  securing  IT  systems. 
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F.  L.  Podio.  Mar  94,  12p. 

In  NASA.  Goddard  Space  Flight  Center,  Fourth  NASA 
Goddard  Conference  on  Mass  Storage  Systems  and 
Technologies  p  265-276. 

Keywords:  'Data  storage,  'Error  correcting  codes, 
'Optical  disks,  'Optical  memory  (Data  storage), 
'Quality  control,  Degradation,  Error  analysis,  Informa- 
tion systems,  On-line  systems. 

Optical  disk-based  information  systems  are  being  used 
in  private  industry  and  many  Federal  Government 
agencies  for  on-line  and  long-term  storage  of  large 
quantities  of  data.  The  storage  devices  that  are  part 
of  these  systems  are  designed  with  powerful,  but  not 
unlimited,  media  error  correction  capacities.  The  integ- 
rity of  data  stored  on  optical  disks  does  not  only  de- 
pend on  the  life  expectancy  specifications  for  the  me- 
dium. Different  factors,  including  handling  and  storage 
conditions,  may  result  in  an  increase  of  medium  errors 
in  size  and  frequency.  Monitoring  the  potential  data 
degradation  is  crucial,  especially  for  long  term  applica- 
tions. Efforts  are  being  made  by  the  Association  for  In- 
formation and  Image  Management  Technical  Commit- 
tee C21,  Storage  Devices  and  Applications,  to  specify 


methods  for  monitoring  and  reporting  to  the  user  me- 
dium errors  detected  by  the  storage  device  while  writ- 
ing, reading  or  verifying  the  data  stored  in  that  medium. 
The  Computer  Systems  Laboratory  (CSL)  of  the  Na- 
tional Institute  of  Standard  and  Technology  (NIST)  has 
a  leadership  role  in  the  development  of  these  standard 
techniques.  In  addition,  CSL  is  researching  other  data 
integrity  issues,  including  the  investigation  of  error-re- 
silient compression  algorithms.  NIST  has  conducted 
care  and  handling  experiments  on  optical  disk  media 
with  the  objective  of  identifying  possible  causes  of  deg- 
radation. NIST  work  in  data  integrity  and  related  stand- 
ards activities  is  described. 
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Keywords:  'Local  area  networks,  'Standards,  Fiber  op- 
tics, Workstations,  Protocols,  Wiring,  'FDDI,  'Fiber 
Distributed  Data  Interface,  GOSIP(Government  Open 
Systems  Interconnection  Profile),  Token  rings. 

The  Fiber  Distributed  Data  Interface  (FDDI)  is  an 
emerging  Standard  fiber  optic  Local  Area  Network 
(LAN)  technology  suitable  for  backbone  and  high  per- 
formance workstation  applications.  FDDI  will  be  widely 
used  by  federal  agencies  in  the  1990's.  This  report  de- 
scribes FDDI  standards  and  the  media  that  FDDI  uses, 
and  provides  information  about  writing  for  FDDI  LANs 
and  about  effectively  configuring  FDDI  LANs.  It  also 
describes  the  relationship  of  FDDI  to  the  Government 
Open  Systems  Interconnection  Profile  (GOSIP)  and 
discusses  connecting  FDDI  to  other  networks. 
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zational structure,  Information  systems,  Systems  engi- 
neering, Computer  security,  Telecommunication,  Fed- 
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'Computer  Systems  Laboratory,  National  Institute  of 
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The  Computer  Systems  Laboratory  (CSL)  Annual  Re- 
port -  1 993  describes  the  annual  computer  and  related 
telecommunications  activities  and  accomplishments  of 
the  laboratory.  Following  the  Director's  Foreword,  a 
CSL  overview  is  presented,  followed  by  overviews  of 
the  five  technical  divisions.  The  Technology  Transfer 
section  describes  the  vehicles  used  by  CSL  to  dissemi- 
nate research  and  technical  information  to  the  public. 
A  list  of  Federal  Information  Processing  Standards 
(FIPS)  and  FIPS  order  information  conclude  the  annual 
report. 
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This  article  is  a  response  to  a  reader's  comment  on 
the  IEEE  Spectrum  article  (April  1990)  by  Martzloff  en- 
titled Protecting  Computer  Systems  Against  Power 
Transients. 
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Keywords:  "Optical  disks,  'Tests,  'Standardization, 
Media,  Standards,  Optical  storage  materials,  Service 
life,  Reprints,  US  NIST. 

Standard  testing  methods  for  measuring  the  character- 
istics of  optical  disks  are  needed  to  verify  conformance 
to  the  related  industry  media  interchange  standards. 
Technical  Committee  (TC)  X3B11  is  addressing  the 
standardization  of  those  testing  methods.  Through  its 
optical  disk  computer  storage  media  research  pro- 
gram, the  National  Institute  of  Standards  and  Tech- 
nology, National  Computer  Systems  Laboratory  (NIST/ 
NCSL)  is  involved  in  the  research  of  testing  methods 
for  media  characteristics  and  is  participating  in  the  de- 
velopment of  optical  media  standards  in  TC  X3B1 1  and 
other  standard  committees.  Standard  testing  methods 
for  predicting  the  life  expectancy  of  the  media  are  also 
needed.  NIST  is  designed  a  methodology  for  predicting 
life  expectancy  of  optical  media  and  is  also  contributing 
to  those  standardization  efforts  and  data  permanence 
studies. 
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Keywords:  'Display  devices,  'Standards,  'Meetings, 
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On  January  13  and  14,  1994,  the  NIST  Workshop  on 
the  Computer  Interface  to  Flat  Panel  Displays  was  held 
at  the  San  Jose  Hilton  and  Towers  in  San  Jose,  Califor- 
nia. The  meeting  was  attended  by  representatives  from 
computer,  flat  panel  display,  and  graphics  controller 
companies.  The  objectives  of  this  workshop  were:  to 
determine  the  need  for  a  standard  or  a  series  of  stand- 
ards for  the  computer  interface  to  flat  panel  displays; 
to  identify  what  types  of  standards  are  needed;  to  iden- 
tify approaches  for  developing  flat  panel  display  inter- 
face standards;  and  to  obtain  a  consensus  on  a  coordi- 
nated plan  for  standards  development.  The  workshop 
attendees  agreed  that  a  standard  flat  panel  display 
interface  for  integrated  devices  is  needed.  A  special 
interest  group  was  formed  under  the  Video  Electronics 
Standards  Association  (VESA)  to  undertake  the  devel- 
opment of  a  standard  or  a  series  of  standards  for  the 
interface  between  a  flat  panel  display  and  its  controller. 
This  interface  standard  will  address  both  active  and 
passive  flat  panel  displays  in  integrated  devices.  It  will 
cover  both  the  electrical  and  the  mechanical  (connec- 
tor) specifications.  The  interface  for  remote  flat  panel 
displays  requires  additional  technical  discussions  be- 
fore a  standard  can  be  written.  Additional  workshops 
on  display  interfaces  and/or  technical  sessions  at  the 
SID  (Society  for  Information  Display)  Symposium 
should  be  explored.  In  addition,  the  VESA  Monitor 
Committee  invited  interested  parties  to  participate  in 
their  committee  which  will  be  considering  interfaces 
and  connectors  to  desktop  and  remote  flat  panel  dis- 
plays in  addition  to  their  CRT  interface  work. 
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systems(Computers),  Man  computer  interface,  Soft- 
ware engineering.  Data  management,  Data 
transfer(Computers),  Computer  graphics,  Computer 
networks,  Management,  Computer  systems  hardware, 
*OSE(Open  System  Environment),  'Open  System  En- 
vironment, RFPs(Requests  for  proposals). 

The  guide  provides  program  managers  and  senior  sys- 
tem engineers  with  much-needed  information  for  de- 
veloping plans  and  requirements  to  establish  an  Open 
System  Environment  (OSE).  U.S.  Government  pro- 
curements that  have  already  taken  place  have  pro- 
vided numerous  lessons-learned  which  have  been  in- 
corporated in  this  report.  A  decision  model  is  defined 
in  the  introductory  material  to  provide  a  mechansim  for 
making  choices  concerning  the  applicability  of  stand- 
ards. Side-bars  in  the  text  provide  associated  informa- 
tion about  the  use  of  specific  standards  in  order  to 
more  clearly  describe  the  effects  of  relationships 
among  different  standards.  Additional  information  in- 
cludes text  that  can  be  included  in  requests  for  propos- 
als (RFPs),  a  sample  statement  of  work  based  on  the 
guidance  contained  in  the  report,  a  glossary,  and  meth- 
ods for  evaluating  individual  proposals  made  in  re- 
sponse to  OSE  requirements. 
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This  paper  describes  the  use  of  a  massively  parallel 
SIMD  computer  architecture  for  the  simulation  of  var- 
ious forms  of  computer  arithmetic.  The  particular  sys- 
tem used  is  a  DEC/MasPar  MP-1  with  4096  processors 
in  a  square  array.  This  architecture  has  many  advan- 
tages for  such  simulations  due  largely  to  the  simplicity 
of  the  individual  processors.  Arithmetic  operations  can 
be  spread  across  the  processor  array  to  simulate  a 
hardware  chip.  Alternatively,  they  may  be  performed 
on  individual  processors  to  allow  simulation  of  a  mas- 
sively parallel  implementation  of  the  arithmetic.  Com- 
promises between  these  extremes  permit  speed-area 
trade-offs  to  be  examined.  The  paper  includes  a  de- 
scription of  the  architecture  and  its  features.  It  then 
summarizes  some  of  the  arithmetic  systems  which 
have  been,  or  are  to  be  implemented.  The  implementa- 
tion of  the  level-index  (LI)  and  symmetric  level-index 
(SLI)  systems  is  described  in  some  detail.  An  extensive 
bibliography  is  included. 
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The  MultiKron  II  design  is  an  enhanced  version  of  our 
earlier  MultiKron  performance  instrumentation  chip. 
They  are  both  179  pin  chips,  and  although  pin  compat- 
ibility is  close  they  are  not  100%  compatible.  The 
MultiKron  II  has  a  longer  TRACE  sample,  20  bytes  vs 
16,  to  allow  a  larger  user  data  and  Timestamp  fields. 
The  16  counters  for  resource  utilization  measurements 
are  now  writable,  to  allow  for  'virtual'  use,  and  their  pro- 
gramming interface  has  changed  to  allow  more  op- 
tions. Although  designed  for  a  64-bit  processor  bus 
interface,  an  internal  holding  register  provides  for  32- 
bit  mode  operation. 
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Systems  Laboratory. 

The  annual  report  describes  the  annual  computer  and 
related  telecommunications  activities  and  accomplish- 
ment of  the  Laboratory.  Following  the  Director's  Fore- 
word, an  overview  of  the  Laboratory  is  presented,  in- 
cluding a  current  CSL  Organization  Chart.  Overviews 
of  CSL's  major  technical  units  are  featured  next,  fol- 
lowed by  a  section  on  Interactions  and  Accomplish- 
ments which  details  the  vehicles  CSL  uses  to  dissemi- 
nate research  and  inforamtion  to  the  public  and  tech- 
nical communities.  A  list  of  Federal  Information  Proc- 
essing Standards  (FIPS)  concludes  the  annual  report. 
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Operating  Principles  of  the  SBus  MultiKron  Inter- 
face Board. 

A.  Mink,  G.  G.  Nacht,  and  J.  K.  Antonishek.  May  95, 
14p,  NISTIR-5652. 

See  also  PB92-181072,  PB93-234730  and  PB95- 
189486.  Sponsored  by  Defense  Advanced  Research 
Projects  Agency,  Arlington,  VA. 

Keywords:  'Computer  systems  hardware,  'Circuit 
boards,  'Very  large  scale  integration,  Printed  circuits, 
MIMD(Computers),  Multiprocessors,  Computer  archi- 
tecture, Data  acquisition,  SIB(SBus  MultiKron  Interface 
Board),  US  NIST. 

The  MultiKron  Experimenter's  Toolkit  contains  an 
SBus  MultiKron  interface  board  (SIB)  or  alternatively 
a  VME  MultiKron  interface  board  (MIB),  installation 
software,  data  logging  software,  and  analysis  software; 
all  of  the  software  supplied  is  written  in  C.  The  Toolkit 
allows  users  to  take  advantage  of  the  National  Institute 
of  Standards  and  Technology  (NIST)  MultiKron  per- 
formance measurement  chip  in  systems  that  do  not  al- 
ready have  a  MultiKron  designed  into  them.  The  SIB 
is  applicable  to  both  multiprocessor  systems  and  sin- 
gle-processor systems.  The  Experimenter's  Toolkit  al- 
lows researchers  to  obtain  hands-on  experience  with 
the  MultiKron  performance  measurement  chip,  without 
the  engineering  effort  required  to  design  and  build  a 
hardware  interface  between  the  MultiKron  and  their 
computer.  Over  800,000  Trace  Samples  can  be  col- 
lected during  an  experiment  to  the  SIB  on-board  mem- 
ory; a  practically-unlimited  number  of  Samples  can  be 
collected  if  an  optional  external  data-collection  com- 
puter is  used. 


01,631 

PB96-1 02686       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 

Conformance  Testing  for  OSI  Protocols. 

Final  rept. 

R.  J.  Linn.  1990,  17p. 

Pub.  in  Computer  Networks  and  ISDN  Systems  18, 
p203-21 9  1989/90. 

Keywords:  'Computer  communications,  'ISO, 
'Protocols,  Computer  architecture,  Communication 
networks,  Conformity,  Tests,  Test  methods,  Specifica- 
tions, Standards,  Reprints,  *OSI(Open  Systems  Inter- 
connection), 'Open  Systems  Interconnection,  Test 
systems,  ANC1  (Abstract  Syntax  Notation  1), 
TICN(Tree  and  Tabular  Combined  Notation),  Estelle. 

In  the  early  1980's,  research  and  development  was  ini- 
tiated on  methods  to  test  the  developing  International 
Standards  Organinzation's  Open  Systems  Inter- 
connection (ISO/OSI)  communications  protocols.  A  tu- 
torial overview  of  the  test  methods  and  test  notation 
named  TTCN  which  were  developed  within  ISO  are 
presented.  Issues  regarding  multilayer  test  methods 
are  still  not  completely  resolved.  These  issues  are 
identified  and  alternatives  to  ISO's  methods  are  ex- 
plored. Application  of  the  formal  description  techniques 
named  ASN.1  and  Estelle  to  multi-layer  test  systems 
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is  illustrated.  Concluding  remarks  summarize  the  sta- 
tus of  current  practice  in  conformance  testing  and  sta- 
tus of  evolving  OSI  testing  standards. 
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Operating  Principles  of  MultiKron  Virtual  Counter 
Performance  Instrumentation  for  MIMD  Comput- 
ers. 

A.  Mink.  Nov  95,  24p,  NISTIR-5743. 
See  also  PB93-234730,  PB95-1 89486  and  PB95- 
231783.  Sponsored  by  Defense  Advanced  Research 
Projects  Agency,  Arlington,  VA. 

Keywords:  "Computer  systems  hardware, 
•Multiprocessors,  'Circuit  boards,  Very  large  scale  in- 
tegration, MIMD(Computers),  Printed  circuits,  Com- 
puter architecture,  Performance  tests,  Multikron  Per- 
formance Instrumentation. 

The  MultiKron*  and  MultiKron  II  performance  instru- 
mentation provided  both  Trace  sampling  and  Resource 
Counters,  but  required  a  separate  measurement  data 
collection  facility  for  collecting  sample  data.  Although 
providing  a  large  amount  of  measurement  detail,  trace 
sampling  has  the  disadvantage  of  requiring  additional 
investment  in  logic,  wires  and  space  to  provide  for  the 
collection  facilities.  An  alternative  measurement  ap- 
proach that  would  eliminate  the  need  for  a  collection 
facility,  and  its  associated  cost,  is  to  eliminate  Trace 
sampling  and  only  provide  for  a  very  large  number  of 
Resource  Counters,  at  the  cost  of  some  loss  of  meas- 
urement detail.  The  MultiKron  virtual  counter 
(MultiKron  vc)  performance  instrumentation  chip  pro- 
vides such  a  feature.  Similar  in  concept  to  virtual  mem- 
ory, thousands  of  virtual  counters  are  available  but  only 
a  small  number  are  real  counters  that  can  be  active 
at  any  one  time.  Unlike  virtual  memory,  where  swap- 
ping is  transparent  to  the  programmer,  due  to  extra 
hardware  and  kernel  software  support,  swapping  of 
counter  blocks  must  currently  be  handled  by  the  pro- 
grammer. 
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Research  on  Methods  for  Determining  Optical  Disk 

Media  Life  Expectancy  Estimates. 

Final  rept. 

F.  L.  Podio.  1992,  9p. 

Pub.  in  Society  of  Photo-Optical  Instrumentation  Engi- 
neers, V1663  p447-455  Feb  92. 

Keywords:  "Optical  data  storage  materials, 
"Lite(Durability),  "Aging  tests(Materials),  Optical  disks, 
Service  life,  Stress  testing,  Test  methods,  Error  analy- 
sis, Quality  control,  Standards,  Reprints,  Arrhenius 
model,  Byte  error  rate. 

Methodologies  for  determining  extrapolated  life  ex- 
pectancy values  for  optical  disk  media  were  inves- 
tigated at  the  National  Institute  of  Standards  and  Tech- 
nology (NIST).  These  investigations  showed  that  the 
life  expectancy  values  of  optical  disk  media  vary  great- 
ly due  to  several  factors,  including  the  method  used 
to  derive  the  value  of  the  quality  parameter  (the  byte 
error  rate),  the  areas  measured  in  the  disks,  the  written 
patterns  used,  and  the  criteria  for  data  analysis.  Ven- 
dor's life  expectancy  claims  can  be  properly  assessed 
by  prospective  users  if  standard  methods  for  calculat- 
ing and  reporting  extrapolated  life  expectancy  values 
are  implemented. 
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PB96-160619       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSL), 
Gaithersburg,  MD.  Advanced  Systems  Div. 
Status  of  Emerging  Standards  for  Removable 
Computer  Storage  Media  and  Related  Contribu- 
tions of  NIST. 
Final  rept. 

F.  L.  Podio.  1991,  25p. 

Also  available  as  N93-14778  (Order  as  N93-14771). 
Pub.  in  National  Space  Science  Data  Center  Con- 
ference on  Mass  Storage  Systems  and  Technologies 
for  Space  and  Earth  Science  Applications,  Greenbelt, 
MD.,  July  23-25,  1991,  NASA  Conference  Publication 
3165,  v3p163-187. 

Keywords:  "Computer  storage  devices,  "Data  storage, 
"Digital  data,  Magnetic  tapes,  Optical  disks,  Optical 
memory(Data  storage),  Optical  data  (Storage  mate- 


rials), Interchangeability,  Error  detection  codes,  Life 
(Durability),  Service  life,  Error  analysis,  Standards,  Re- 
prints, Standard  reference  materials. 

Standards  for  removable  computer  storage  media  are 
needed  so  that  users  may  reliably  interchange  data 
both  within  and  among  various  computer  installations. 
Industry  standards  for  digital  magnetic  tapes  require 
the  use  of  Standard  Reference  Materials  (SRMs)  de- 
veloped and  maintained  by  NIST.  In  addition,  NIST  has 
been  studying  Care  and  handling  procedures  for  opti- 
cal digital  data  disks  and  is  involved  in  a  program  to 
investigate  error  reporting  capabilities  of  optical  disk 
drives.  NIST  has  developed  a  methodology  for  deter- 
mining the  life  expectancy  of  optical  disks.  NIST  is  de- 
veloping care  and  handling  procedures  for  optical  digi- 
tal data  disks  and  is  involved  in  a  program  to  inves- 
tigate error  reporting  capabilities  of  optical  disk  drives. 
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NIST  Program  for  Investigating  Error  Reporting  Ca- 
pabilities of  Optical  Disk  Drives. 
Final  rept. 

F.  L.  Podio.  1991,  8p. 

Pub.  in  Proceedings  of  a  Workshop  held  in  Colorado 
Springs,  CO.,  August  5, 1991,  p1-8. 

Keywords:  "Error  detection  codes,  "Optical  disks, 
"Research  programs,  Computer  storage  devices.  Opti- 
cal data  storage  materials.  Optical  memory(Data  stor- 
age), Quality  control,  Error  correcting  codes, 
Life(Durability),  Service  life,  Error  analysis,  Reprints. 

Optical  disk  drives  are  designed  with  strong  but  unlim- 
ited error  corrections  capabilities.  If  the  level  of  errors 
overcome  the  error  detection  and  corrections  mecha- 
nisms implemented  in  the  optical  disk  drive  controllers, 
incorrectable  errors  may  occur.  Federal  Government 
data  managers  are  interested  in  being  able  to  monitor 
error  rate  activity  in  optical  disk  drive  systems.  This 
could  be  achieved  through  the  interface,  if  the  drives 
would  provide  information  on  correctable  error  rate  ac- 
tivity, such  as  maximum  number  of  correctable  errors, 
maximum  number  of  errors  per  interleave,  and  the  lo- 
cation of  those  errors.  Reports  on  errors  encountered 
while  reading  header  information  is  also  necessary. 
This  information  would  provide  data  managers  with  a 
better  understanding  of  the  status  of  their  data  and 
would  allow  them  to  design  more  efficient  recopying 
policies  to  copy  the  data  to  similar  or  different  media 
in  a  timely  and  economic  fashion. 
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National  Inst,  of  Standards  and  Technology  (CSL), 
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Information  Technology  Standards  in  Federal  Ac- 
quisitions. 

Final  rept. 

S.  M.  Radack.  1992,  8p. 
See  also  PB96-161260. 

Pub.  in  Federal  Data  Center  Issues  1992:  A  View  to 
the  Future  Council  of  Federal  Data  Center  Directors, 
p1-8. 

Keywords:  "Information  technology,  "Government  pro- 
curement, "Electronic  security,  "Standards,  Federal 
agencies,  Acquisition,  Information  resources,  Com- 
puter program  portability,  Interoperability,  Computer  in- 
formation security,  Reprints,  GOSIP(Government 
Open  Systems  Interconnection  Profile), 
POSIX(Portable  Operating  Sytems  Interface  for  Com- 
puter Environments),  Conformance  testing. 

Information  technology  (IT)  standards  are  an  important 
part  of  Federal  Government  strategies  for  managing  in- 
formation resources.  Standards  help  to  promote  the 
interoperability  of  different  manufactures'  systems,  the 
portability  of  applications,  and  the  sharing  of  ideas, 
data,  and  training.  But  while  the  abstract  concept  of 
standards  is  acceptable  and  easily  understood,  it  is  not 
always  easy  for  managers  and  users  to  put  standards 
to  work  for  their  organizations.  This  paper  discusses 
some  of  the  activities  of  the  National  Institute  of  Stand- 
ards and  Technology  (NIST)  that  support  the  imple- 
mentation of  standards  in  products  that  organizations 
can  buy. 
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National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 


Using  Information  Technology  Standards  in  Fed- 
eral Acquisitions. 

Final  rept. 

S.  M.  Radack.  1992,  6p. 
See  also  PB96-161252. 

Pub.  in  Computer  Systems  Laboratory  Bulletin,  p1-6 
Dec  92. 

Keywords:  "Information  technology,  "Government  pro- 
curement, "Electronic  security,  "Standards,  Federal 
agencies,  Acquisition,  Information  resources,  Com- 
puter program  portability,  Interoperability,  Computer  in- 
formation security,  Reprints,  GOSIP(Government 
Open  Systems  Interconnection  Profile), 
POSIX(Portable  Operating  Sytems  Interface  for  Com- 
puter Environments),  Conformance  testing. 

Information  technology  (IT)  standards  are  an  important 
part  of  federal  government  strategies  for  managing  in- 
formation resources.  Standards  help  to  promote  the 
interoperability  of  different  manufactures'  systems,  the 
portability  of  applications,  and  the  sharing  of  ideas, 
data,  and  training. 
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Computer  Systems  Laboratory  Computing  and  Ap- 
plied Mathematics  Laboratory  Technical  Accom- 
plishments, October  1994-March  1996. 

E.  B.  Lennon.  Jun  96,  67p,  NISTIR-5854. 

Keywords:  "Computers,  "Information  technology, 
"Information  systems,  "Applied  mathematics,  Systems 
engineering,  Computer  security,  Organizational  struc- 
tures, Computer  software,  Telecommunications,  Com- 
puter networks,  Computer  architecture,  Technology 
transfer,  Research  programs,  "Computer  Systems 
Laboratory,  National  Institute  of  Standards  and  Tech- 
nology. 

The  document  describes  the  technical  accomplish- 
ments and  activities  of  National  Institute  of  Standards 
and  Technology  (NIST's)  Computer  Systems  Labora- 
tory/Computing and  Applied  Mathematics  Laboratory 
during  the  period  October  1994  through  March  1996. 
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Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  931029S1. 11330,  Digital  Equipment 
Corporation,  DEC  Ada  for  DEC  OSF/1  AXP  Sys- 
tems, Version  3.1,  DEC  3000  Model  400  AXP 
Workstation,  DEC  3000  Model  400  AXP 
Workstation. 
26  Oct  93,  70p. 

Keywords:  "Compilers,  "Ada  programming  language, 
Standards,  Test  and  evaluation,  "Validation  summary 
reports. 

The  Ada  implementation  described  above  was  tested 
according  to  the  Ada  Validation  Procedures  (Pro92) 
against  the  Ada  Standard  (Ada83)  using  the  current 
Ada  Compiler  Validation  Capability  (ACVC).  This  Vali- 
dation Summary  Report  (VSR)  gives  an  account  of  the 
testing  of  this  Ada  implementation. 
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National    Inst,    of    Standards    and  Technology, 
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Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  931 21 7S1 .11 336  Control  Data  Sys- 
tems, Inc.  NOS/VE  Ada,  Version  1.4  Cyber  180-930- 
31  =>  Cyber  180-930-31. 

17  Dec  93,  48p. 

Keywords:  "Compilers,  "Ada  programming  language, 
Validation,  Data  processing,  Standards,  "Validation 
summary  reports,  Computer  program  verification. 

This  Validation  Summary  Report  describes  the  extent 
to  which  a  specific  Ada  compiler  conforms  to  the  Ada 
Standard,  ANSI/MIL-STD-1815A.  This  report  explains 
all  technical  terms  used  within  it  and  thoroughly  reports 
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the  results  of  testing  this  compiler  using  the  Ada  Com- 
piler Validation  Capability.  An  Ada  compiler  must  be 
implemented  according  to  the  Ada  Standard,  and  any 
implementation-dependent  features  must  conform  to 
the  requirements  of  the  Ada  Standard.  The  Ada  Stand- 
ard must  be  implemented  in  its  entirety,  and  nothing 
can  be  implemented  that  is  not  in  the  Standard.  Even 
though  all  validated  Ada  compilers  conform  to  the  Ada 
Standard,  it  must  be  understood  that  some  differences 
do  exist  between  implementations.  The  Ada  Standard 
permits  some  implementation  dependencies-for  ex- 
ample, the  maximum  length  of  identifiers  or  the  maxi- 
mum values  of  integer  types.  Other  differences  be- 
tween compilers  result  from  the  characteristics  of  par- 
ticular operating  systems,  hardware,  or  implementation 
strategies.  All  the  dependencies  observed  during  the 
process  of  testing  this  compiler  are  given  in  this  report. 
The  information  in  this  report  is  derived  from  the  test 
results  produced  during  validation  testing.  The  valida- 
tion process  includes  submitting  a  suite  of  standard- 
ized tests,  the  ACVC,  as  inputs  to  an  Ada  compiler  and 
evaluating  the  results. 
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Ada  Compiler  Validation  Summary  Report.  Certifi- 
cate Number:  931119S1. 11332,  DDC-I,  Inc.  DACS 
MIPS  R3000  Bare  Ada  Cross  Compiler  System,  Ver- 
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SPARC/SunOS  to  MIPS  R3000  Bare  Instruction  Set 
Architecture  Simulator,  Version  4.7.1. 
10  Dec  93,  55p,  NIST92DDI51 0-5-1.11. 

Keywords:  "Compilers,  *Ada  programming  language, 
Test  and  evaluation,  Standards,  'Validation  summary 
reports,  Computer  program  verification. 

This  Validation  Summary  Report  describes  the  extent 
to  which  a  specific  Ada  compiler  conforms  to  the  Ada 
Standard,  ANSI/MIL-STD-1815A.  This  report  explains 
all  technical  terms  used  within  it  and  thoroughly  reports 
the  results  of  testing  this  compiler  using  the  Ada  Com- 
piler Validation  Capability.  An  Ada  compiler  must  be 
implemented  according  to  the  Ada  Standard,  and  any 
implementation-dependent  features  must  conform  to 
the  requirements  of  the  Ada  Standard.  The  Ada  Stand- 
ard must  be  implemented  in  its  entirety,  and  nothing 
can  be  implemented  that  is  not  in  the  Standard.  Even 
though  all  validated  Ada  compilers  conform  to  the  Ada 
Standard,  it  must  be  understood  that  some  differences 
do  exist  between  implementations.  The  Ada  Standard 
permits  some  implementation  dependencies-for  ex- 
ample, the  maximum  length  of  identifiers  or  the  maxi- 
mum values  of  integer  types.  Other  differences  be- 
tween compilers,  result  from  the  characteristics  of  par- 
ticular operating  systems,  hardware,  or  implementation 
strategies.  All  the  dependencies  observed  during  the 
process  of  testing  this  compiler  are  given  in  this  report. 
The  information  in  this  report  is  derived  from  the  test 
results  produced  during  validation  testing.  The  valida- 
tion process  includes  submitting  a  suite  of  standard- 
ized tests,  the  ACVC,  as  inputs  to  an  Ada  compiler  and 
evaluating  the  results. 
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Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  931119S1.11331  DDC-I,  Inc.  DACS 
Sun  SPARC/SunOS  to  80386  PM  Bare  Ada  Cross 
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Keywords:  'Compilers,  "Ada  programming  language, 
Standards,  'Validation  summary  reports,  Computer 
program  verification,  Runtime. 

This  Validation  Summary  Report  describes  the  extent 
to  which  a  specific  Ada  compiler  conforms  to  the  Ada 
Standard,  ANSI/MIL-STD-1815A.  This  report  explains 
all  technical  terms  used  within  it  and  thoroughly  reports 
the  results  of  testing  this  compiler  using  the  Ada  Com- 
piler Validation  Capability.  An  Ada  compiler  must  be 
implemented  according  to  the  Ada  Standard,  and  any 
implementation-dependent  features  must  conform  to 
the  requirements  of  the  Ada  Standard.  The  Ada  Stand- 
ard must  be  implemented  in  its  entirety,  and  nothing 
can  be  implemented  that  is  not  in  the  Standard.  Even 
though  all  validated  Ada  compilers  conform  to  the  Ada 
Standard,  it  must  be  understood  that  some  differences 
do  exist  between  implementations.  The  Ada  Standard 
permits  some  implementation  dependencies-for  ex- 


ample, the  maximum  length  of  identifiers  or  maximum 
values  of  integer  types.  Other  differences  between 
compilers  result  from  the  characteristics  of  particular 
operating  systems,  hardware,  or  implementation  strat- 
egies. All  the  dependencies  observed  during  the  proc- 
ess of  testing  this  compiler  are  given  in  this  report.  The 
information  in  this  report  is  derived  from  the  test  results 
produced  during  validation  testing.  The  validation  proc- 
ess includes  submitting  a  suite  of  standardized  tests, 
the  ACVC,  as  inputs  to  an  Ada  compiler  and  evaluating 
the  results. 
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cate Number:  930927S1.11328  Green  Hills  Soft- 
ware C  Ada,  Version  1.1  ZENY  386  =>  ZENY  386. 

30  Sep  93,  324p. 

Keywords:  'Compilers,  'Ada  programming  language, 
Standards,  'Validation  summary  reports,  Computer 
program  verification. 

The  Ada  implementation  described  was  tested  accord- 
ing to  the  Ada  Validation  Procedures  (Pro92)  against 
the  Ada  Standard  (Ada83)  using  the  current  Ada  Com- 
piler Validation  Capability  (ACVC).  This  Validation 
Summary  Report  (VSR)  gives  an  account  of  the  testing 
of  this  Ada  implementation. 


01,644 

AD-A279  642/3       PC  A06/MF  A02 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  940325S1 .11348  DDC-I,  DACS  Sun 
SPARC/Solaris  to  80386  PM  Bare  Ada  Cross  Com- 
piler System,  Version  4.6.4  Sun  SPARCclassic  => 
Intel  iSBC  386/116  (Bare  Machine). 
25  Mar  94,  118p. 

Keywords:  'Compilers,  'Ada  programming  language, 
Standards,  Validation. 

This  Validation  Summary  Report  describes  the  extent 
to  which  a  specific  Ada  compiler  conforms  to  the  Ada 
Standard,  ANSI/MIL-STD-1815A.  This  report  explains 
all  technical  terms  used  within  it  and  thoroughly  reports 
the  results  of  testing  this  compiler  using  the  Ada  Com- 
piler Validation  Capability.  An  Ada  compiler  must  be 
implemented  according  to  the  Ada  Standard,  and  any 
implementation-dependent  features  must  conform  to 
the  requirements  of  the  Ada  Standard.  The  Ada  Stand- 
ard must  be  implemented  in  its  entirety,  and  nothing 
can  be  implemented  that  is  not  in  the  Standard.  Even 
though  all  validated  Ada  compilers  conform  to  the  Ada 
Standard,  it  must  be  understood  that  some  differences 
do  exist  between  implementations.  The  Ada  Standard 
permits  some  implementation  dependencies-for  ex- 
ample, the  maximum  length  of  identifiers  or  maximum 
values  of  integer  types.  Other  differences  between 
compilers  result  from  the  characteristics  of  particular 
operating  systems,  hardware,  or  implementation  strat- 
egies. All  the  dependencies  observed  during  the  proc- 
ess of  testing  this  compiler  are  given  in  this  report.  The 
information  in  this  report  is  derived  from  the  test  results 
produced  during  validation  testing.  The  validation  proc- 
ess includes  submitting  a  suite  of  standardized  tests, 
the  ACVC,  as  inputs  to  an  Ada  compiler  and  evaluating 
the  results. 


01,645 

AD-A279  643/1        PC  A06/MF  A02 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  940325S1.11341  DDC-I,  DACS  Sun 
SPARC/SunOS  to  80186  Bare  Ada  Cross  Compiler 
System,  Version  4.6.4  Sun  SPARCstation  IPX  => 
Intel  iSBC  186/100  (Bare  Machine). 
25  Mar  94,  118p. 

Keywords:  'Compilers,  'Ada  programming  language, 
Standards,  'Validation  summary  reports,  Computer 
program  verification. 

This  Validation  Summary  Report  describes  the  extent 
to  which  a  specific  Ada  compiler  conforms  to  the  Ada 
Standard,  ANSI/MIL-STD-1815A.  This  report  explains 
all  technical  terms  used  within  it  and  thoroughly  reports 
the  results  of  testing  this  compiler  using  the  Ada  Com- 
piler Validation  Capability.  An  Ada  compiler  must  be 
implemented  according  to  the  Ada  Standard,  and  any 


implementation-dependent  features  must  conform  to 
the  requirements  of  the  Ada  Standard.  The  Ada  Stand- 
ard must  be  implemented  in  its  entirety,  and  nothing 
can  be  implemented  that  is  not  in  the  Standard.  Even 
though  all  validated  Ada  compilers  conform  to  the  Ada 
Standard,  it  must  be  understood  that  some  differences 
do  exist  between  implementations.  The  Ada  Standard 
permits  some  implementation  dependencies-for  ex- 
ample, the  maximum  length  of  identifiers  or  maximum 
values  of  integer  types.  Other  differences  between 
compilers  result  from  the  characteristics  of  particular 
operating  systems,  hardware,  or  implementation  strat- 
egies. All  the  dependencies  observed  during  the  proc- 
ess of  testing  this  compiler  are  given  in  this  report.  The 
information  in  this  report  is  derived  from  the  test  results 
produced  during  validation  testing.  The  validation  proc- 
ess includes  submitting  a  suite  of  standardized  tests, 
the  ACVC,  as  inputs  to  an  Ada  compiler  and  evaluating 
the  results. 


01,646 

AD-A279  644/9       PC  A06/MF  A02 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  940325S1.11349  DDC-I,  DACS  Sun 
SPARC/Solaris  to  80386  PM  Bare  Ada  Cross  Com- 
piler System  with  Rate  Monotonic  Scheduling,  Ver- 
sion 4.6.4  Sun  SPARCclassic  =>  Intel  iSBC  386/116 
(Bare  Machine). 
25  Mar  94,  119p. 

Keywords:  'Compilers,  'Ada  programming  language, 
Standards,  'Validation  summary  reports.  Computer 
program  verification. 

This  Validation  Summary  Report  describes  the  extent 
to  which  a  specific  Ada  compiler  conforms  to  the  Ada 
Standard,  ANSI/MIL-STD-1815A.  This  report  explains 
all  technical  terms  used  within  it  and  thoroughly  reports 
the  results  of  testing  this  compiler  using  the  Ada  Com- 
piler Validation  Capability.  An  Ada  compiler  must  be 
implemented  according  to  the  Ada  Standard,  and  any 
implementation-dependent  features  must  conform  to 
the  requirements  of  the  Ada  Standard.  The  Ada  Stand- 
ard must  be  implemented  in  its  entirety,  and  nothing 
can  be  implemented  that  is  not  in  the  Standard.  Even 
though  all  validated  Ada  compilers  conform  to  the  Ada 
Standard,  it  must  be  understood  that  some  differences 
do  exist  between  implementations.  The  Ada  Standard 
permits  some  implementation  dependencies-for  ex- 
ample, the  maximum  length  of  identifiers  or  maximum 
values  of  integer  types.  Other  differences  between 
compilers  result  from  the  characteristics  of  particular 
operating  systems,  hardware,  or  implementation  strat- 
egies. All  the  dependencies  observed  during  the  proc- 
ess of  testing  this  compiler  are  given  in  this  report.  The 
information  in  this  report  is  derived  from  the  test  results 
produced  during  validation  testing.  The  validation  proc- 
ess includes  submitting  a  suite  of  standardized  tests, 
the  ACVC,  as  inputs  to  an  Ada  compiler  and  evaluating 
the  results. 


07,647 

AD-A279  645/6       PC  A04/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  940325S1 .11354  DDC-I,  DACS  Sun 
SPARC/Solaris  Native  Ada  Compiler  System,  Ver- 
sion 4.6.2  Sun  SPARCclassic  =>  Sun 
SPARCclassic. 
25  Mar  94,  57p. 

Keywords:  'Compilers,  'Ada  programming  language, 
Standards,  'Validation  summary  reports,  Computer 
program  verification. 

This  Validation  Summary  Report  describes  the  extent 
to  which  a  specific  Ada  compiler  conforms  to  the  Ada 
Standard,  ANSI/MIL-STD-1815A.  This  report  explains 
all  technical  terms  used  within  it  and  thoroughly  reports 
the  results  of  testing  this  compiler  using  the  Ada  Com- 
piler Validation  Capability.  An  Ada  compiler  must  be 
implemented  according  to  the  Ada  Standard,  and  any 
implementation-dependent  features  must  conform  to 
the  requirements  of  the  Ada  Standard.  The  Ada  Stand- 
ard must  be  implemented  in  its  entirety,  and  nothing 
can  be  implemented  that  is  not  in  the  Standard.  Even 
though  all  validated  Ada  compilers  conform  to  the  Ada 
Standard,  it  must  be  understood  that  some  differences 
do  exist  between  implementations.  The  Ada  Standard 
permits  some  implementation  dependencies-for  ex- 
ample, the  maximum  length  of  identifiers  or  maximum 
values  of  integer  types.  Other  differences  between 
compilers  result  from  the  characteristics  of  particular 
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operating  systems,  hardware,  or  implementation  strat- 
egies. All  the  dependencies  observed  during  the  proc- 
ess of  testing  this  compiler  are  given  in  this  report.  The 
information  in  this  report  is  derived  from  the  test  results 
produced  during  validation  testing.  The  validation  proc- 
ess includes  submitting  a  suite  of  standardized  tests, 
the  ACVC,  as  inputs  to  an  Ada  compiler  and  evaluating 
the  results. 


01,648 

AD-A279  646/4       PC  A05/MF  A02 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  940325S1.11346  DDC-I,  DACS  Sun 
SPARC/SunOS  to  680x0  Bare  Ada  Cross  Compiler 
System  (BASIC  MODE),  Version  4.6.9  Sun 
SPARCstation  IPX  =>  Lynwood  j435TU  (68030) 
(Bare  Machine). 
25  Mar  94,  100p. 

Keywords:  "Compilers,  *Ada  programming  language, 
Standards,  "Validation  summary  reports,  Computer 
program  verification. 

This  Validation  Summary  Report  describes  the  extent 
to  which  a  specific  Ada  compiler  conforms  to  the  Ada 
Standard,  ANSI/MIL-STD-1815A.  This  report  explains 
all  technical  terms  used  within  it  and  thoroughly  reports 
the  results  of  testing  this  compiler  using  the  Ada  Com- 
piler Validation  Capability.  An  Ada  compiler  must  be 
implemented  according  to  the  Ada  Standard,  and  any 
implementation-dependent  features  must  conform  to 
the  requirements  of  the  Ada  Standard.  The  Ada  Stand- 
ard must  be  implemented  in  its  entirety,  and  nothing 
can  be  implemented  that  is  not  in  the  Standard.  Even 
though  all  validated  Ada  compilers  conform  to  the  Ada 
Standard,  it  must  be  understood  that  some  differences 
do  exist  between  implementations.  The  Ada  Standard 
permits  some  implementation  dependencies-for  ex- 
ample, the  maximum  length  of  identifiers  or  maximum 
values  of  integer  types.  Other  differences  between 
compilers  result  from  the  characteristics  of  particular 
operating  systems,  hardware,  or  implementation  strat- 
egies. All  the  dependencies  observed  during  the  proc- 
ess of  testing  this  compiler  are  given  in  this  report.  The 
information  in  this  report  is  derived  from  the  test  results 
produced  during  validation  testing.  The  validation  proc- 
ess includes  submitting  a  suite  of  standardized  tests, 
the  ACVC,  as  inputs  to  an  Ada  compiler  and  evaluating 
the  results. 


07,649 

AD-A279  757/9       PC  A06/MF  A02 
National    Inst,    of    Standards    and  Technology, 
Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  940325S1.11343  DDC-I,  DACS  Sun 
SPARC/Solaris  to  80186  Bare  Ada  Cross  Compiler 
System,  Version  4.6.4  Sun  SPARCclassic  =>  Intel 
iSBC  1 86/100  (Bare  Machine). 
25  Mar  94,  1 1  Bp. 

Keywords:  'Compilers,  "Ada  programming  language, 
Standards,  Validation,  "Validation  summary  reports, 
Computer  program  verification. 

This  Validation  Summary  Report  describes  the  extent 
to  which  a  specific  Ada  compiler  conforms  to  the  Ada 
Standard,  ANSI/MIL-STD-1815A.  This  report  explains 
all  technical  terms  used  within  it  and  thoroughly  reports 
the  results  of  testing  this  compiler  using  the  Ada  Com- 
piler Validation  Capability.  An  Ada  compiler  must  be 
implemented  according  to  the  Ada  Standard,  and  any 
implementation-dependent  features  must  conform  to 
the  requirements  of  the  Ada  Standard.  The  Ada  Stand- 
ard must  be  implemented  in  its  entirety,  and  nothing 
can  be  implemented  that  is  not  in  the  Standard.  Even 
though  all  validated  Ada  compilers  conform  to  the  Ada 
Standard,  it  must  be  understood  that  some  differences 
do  exist  between  implementations.  The  Ada  Standard 
permits  some  implementation  dependencies-for  ex- 
ample, the  maximum  length  of  identifiers  or  maximum 
values  of  integer  types.  Other  differences  between 
compilers  result  from  the  characteristics  of  particular 
operating  systems,  hardware,  or  implementation  strat- 
egies. All  the  dependencies  observed  during  the  proc- 
ess of  testing  this  compiler  are  given  in  this  report.  The 
information  in  this  report  is  derived  from  the  test  results 
produced  during  validation  testing.  The  validation  proc- 
ess includes  submitting  a  suite  of  standardized  tests, 
the  ACVC,  as  inputs  to  an  Ada  compiler  and  evaluating 
the  results. 


01,650 

AD-A279  758/7       PC  A06/MF  A02 


National  Inst,  of  Standards  and  Technology, 
Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  940325S1.11344  DDC-I,  DACS  Sun 
SPARC/Solaris  to  80186  Bare  Ada  Cross  Compiler 
System  with  Rate  Monotonic  Scheduling,  Version 
4.6.4  Sun  SPARCclassic  =>  Intel  iSBC  186/100 
(Bare  Machine). 
25  Mar  94,  11 7p. 

Keywords:  "Compilers,  "Ada  programming  language. 
Standards,  "Validation  summary  reports,  Computer 
program  verification. 

This  Validation  Summary  Report  describes  the  extent 
to  which  a  specific  Ada  compiler  conforms  to  the  Ada 
Standard,  ANSI/MIL-STD-1815A.  This  report  explains 
all  technical  terms  used  within  it  and  thoroughly  reports 
the  results  of  testing  this  compiler  using  the  Ada  Com- 
piler Validation  Capability.  An  Ada  compiler  must  be 
implemented  according  to  the  Ada  Standard,  and  any 
implementation-dependent  features  must  conform  to 
the  requirements  of  the  Ada  Standard.  The  Ada  Stand- 
ard must  be  implemented  in  its  entirety,  and  nothing 
can  be  implemented  that  is  not  in  the  Standard.  Even 
though  all  validated  Ada  compilers  conform  to  the  Ada 
Standard,  it  must  be  understood  that  some  differences 
do  exist  between  implementations.  The  Ada  Standard 
permits  some  implementation  dependencies-for  ex- 
ample, the  maximum  length  of  identifiers  or  maximum 
values  of  integer  types.  Other  differences  between 
compilers  result  from  the  characteristics  of  particular 
operating  systems,  hardware,  or  implementation  strat- 
egies. All  the  dependencies  observed  during  the  proc- 
ess of  testing  this  compiler  are  given  in  this  report.  The 
information  in  this  report  is  derived  from  the  test  results 
produced  during  validation  testing.  The  validation  proc- 
ess includes  submitting  a  suite  of  standardized  tests, 
the  ACVC,  as  inputs  to  an  Ada  compiler  and  evaluating 
the  results. 


07,657 

AD-A279  778/5       PC  A06/MF  A02 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  940325S1.11347  DDC-I,  DACS  Sun 
SPARC/SunOS  to  680x0  Bare  Ada  Cross  Compiler 
System  (SECURE  MODE),  Version  4.6.9  Sun 
SPARCstation  IPX  =>  Lynwood  j435TU  (68030) 
(Bare  Machine). 
25  Mar  94,  101p. 

Keywords:  "Compilers,  "Ada  programming  language, 
Standards,  "Validation  summary  reports,  Computer 
program  verification. 

This  Validation  Summary  Report  describes  the  extent 
to  which  a  specific  Ada  compiler  conforms  to  the  Ada 
Standard,  ANSI/MIL-STD-1815A.  This  report  explains 
all  technical  terms  used  within  it  and  thoroughly  reports 
the  results  of  testing  this  compiler  using  the  Ada  Com- 
piler Validation  Capability.  An  Ada  compiler  must  be 
implemented  according  to  the  Ada  Standard,  and  any 
implementation-dependent  features  must  conform  to 
the  requirements  of  the  Ada  Standard.  The  Ada  Stand- 
ard must  be  implemented  in  its  entirety,  and  nothing 
can  be  implemented  that  is  not  in  the  Standard.  Even 
though  all  validated  Ada  compilers  conform  to  the  Ada 
Standard,  it  must  be  understood  that  some  differences 
do  exist  between  implementations.  The  Ada  Standard 
permits  some  implementation  dependencies-for  ex- 
ample, the  maximum  length  of  identifiers  or  maximum 
values  of  integer  types.  Other  differences  between 
compilers  result  from  the  characteristics  of  particular 
operating  systems,  hardware,  or  implementation  strat- 
egies. All  the  dependencies  observed  during  the  proc- 
ess of  testing  this  compiler  are  given  in  this  report.  The 
information  in  this  report  is  derived  from  the  test  results 
produced  during  validation  testing.  The  validation  proc- 
ess includes  submitting  a  suite  of  standardized  tests, 
the  ACVC,  as  inputs  to  an  Ada  compiler  and  evaluating 
the  results. 


07,652 

AD-A279  779/3       PC  A06/MF  A02 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 


Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  940325S1.11342  DDC-I,  DACS  Sun 
SPARC/SunOS  to  80186  Bare  Ada  Cross  Compiler 
System  with  Rate  Monotonic  Scheduling  Version 
4.6.4  Sun  SPARCstation  IPX  =>  Intel  iSBC  186/100 
(Bare  Machine). 
25  Mar  94,  117p. 

Keywords:  "Compilers,  "Ada  programming  language, 
Standards,  "Validation  summary  reports,  Computer 
program  verification. 

This  Validation  Summary  Report  describes  the  extent 
to  which  a  specific  Ada  compiler  conforms  to  the  Ada 
Standard,  ANSI/MIL-STD-1815A.  This  report  explains 
all  technical  terms  used  within  it  and  thoroughly  reports 
the  results  of  testing  this  compiler  using  the  Ada  Com- 
piler Validation  Capability.  An  Ada  compiler  must  be 
implemented  according  to  the  Ada  Standard,  and  any 
implementation-dependent  features  must  conform  to 
the  requirements  of  the  Ada  Standard.  The  Ada  Stand- 
ard must  be  implemented  in  its  entirety,  and  nothing 
can  be  implemented  that  is  not  in  the  Standard.  Even 
though  all  validated  Ada  compilers  conform  to  the  Ada 
Standard,  it  must  be  understood  that  some  differences 
do  exist  between  implementations.  The  Ada  Standard 
permits  some  implementation  dependencies-for  ex- 
ample, the  maximum  length  of  identifiers  or  maximum 
values  of  integer  types.  Other  differences  between 
compilers  result  from  the  characteristics  of  particular 
operating  systems,  hardware,  or  implementation  strat- 
egies. All  the  dependencies  observed  during  the  proc- 
ess of  testing  this  compiler  are  given  in  this  report.  The 
information  in  this  report  is  derived  from  the  test  results 
produced  during  validation  testing.  The  validation  proc- 
ess includes  submitting  a  suite  of  standardized  tests, 
the  ACVC,  as  inputs  to  an  Ada  compiler  and  evaluating 
the  results. 


01,653 

AD-A279  804/9       PC  A06/MF  A02 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  940325S1.11351  DDC-I,  DACS  Sun 
SPARC/SunOS  to  Pentium  PM  Bare  Ada  Cross 
Compiler  System  with  Rate  Monotonic  Scheduling, 
Version  4.6.4  Sun  SPARCstation  IPX  =>  Intel 
Pentium  (operated  as  Bare  Machine)  based  in 
Xpress  Desktop  (Intel  product  number: 
XBASE6E4F-B). 
11  Apr  94,  118p. 

Keywords:  "Compilers,  "Ada  programming  language, 
Standards,  Validation,  "Validation  summary  reports, 
Computer  program  verification. 

This  Validation  Summary  Report  describes  the  extent 
to  which  a  specific  Ada  compiler  conforms  to  the  Ada 
Standard,  ANSI/MIL-STD-1815A.  This  report  explains 
all  technical  terms  used  within  it  and  thoroughly  reports 
the  results  of  testing  this  compiler  using  the  Ada  Com- 
piler Validation  Capability.  An  Ada  compiler  must  be 
implemented  according  to  the  Ada  Standard,  and  any 
implementation-dependent  features  must  conform  to 
the  requirements  of  the  Ada  Standard.  The  Ada  Stand- 
ard must  be  implemented  in  its  entirety,  and  nothing 
can  be  implemented  that  is  not  in  the  standard.  Even 
though  all  validated  Ada  compilers  conform  to  the  Ada 
Standard,  it  must  be  understood  that  some  differences 
do  exist  between  implementations.  The  Ada  Standard 
permits  some  implementation  dependencies-for  ex- 
ample, the  maximum  length  of  identifiers  or  the  maxi- 
mum values  of  integer  types.  Other  differences  be- 
tween compilers  result  from  the  characteristics  of  par- 
ticular operating  systems,  hardware,  or  implementation 
strategies.  All  the  dependencies  observed  during  the 
process  of  testing  this  compiler  are  given  in  this  report. 
The  information  in  this  report  is  derived  from  the  test 
results  produced  during  validation  testing.  The  valida- 
tion process  includes  submitting  a  suite  of  standard- 
ized tests,  the  ACVC,  as  inputs  to  an  Ada  compiler  and 
evaluating  the  results. 


01,654 

AD-A279  805/6       PC  A06/MF  A02 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 
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Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  940325S1.11353  DDC-I,  DACS  Sun 
SPARC/Solaris  to  Pentium  PM  Bare  Ada  Cross 
Compiler  System  with  Rate  Monotonic  Scheduling, 
Version  4.6.4  Sun  SPARCclassic  =>  Intel  Pentium 
(operated  as  Bare  Machine)  based  in  Xpress 
Desktop  (Intel  product  number:  XBASE6E4F-B). 
11  Apr  94,  123p. 

Keywords:  "Compilers,  'Ada  programming  language, 
Standards,  Validation. 

This  Validation  Summary  Report  describes  the  extent 
to  which  a  specific  Ada  compiler  conforms  to  the  Ada 
Standard,  ANSI/MIL-STD-1815A.  This  report  explains 
all  technical  terms  used  within  it  and  thoroughly  reports 
the  results  of  testing  this  compiler  using  the  Ada  Com- 
piler Validation  Capability.  An  Ada  compiler  must  be 
implemented  according  to  the  Ada  Standard,  and  any 
implementation-dependent  features  must  conform  to 
the  requirements  of  the  Ada  Standard.  The  Ada  Stand- 
ard must  be  implemented  in  its  entirety,  and  nothing 
can  be  implemented  that  is  not  in  the  Standard.  Even 
though  all  validated  Ada  compilers  conform  to  the  Ada 
Standard,  it  must  be  understood  that  some  differences 
do  exist  between  implementations.  The  Ada  Standard 
permits  some  implementation  dependencies-for  ex- 
ample, the  maximum  length  of  identifiers  or  the  maxi- 
mum values  of  integer  types.  Other  differences  be- 
tween compilers,  result  from  the  characteristics  of  par- 
ticular operating  systems,  hardware,  or  implementation 
strategies.  All  the  dependencies  observed  during  the 
process  of  testing  this  compiler  are  given  in  this  report. 
The  information  in  this  report  is  derived  from  the  test 
results  produced  during  validation  testing.  The  valida- 
tion process  includes  submitting  a  suite  of  standard- 
ized tests,  the  ACVC,  as  inputs  to  an  Ada  compiler  and 
evaluating  the  results. 


01,655 

AD-A279  864/3       PC  A06/MF  A02 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  940325S1.11350  DDC-I,  DACS  Sun 
SPARC/SunOS  to  Pentium  PM  Bare  Ada  Cross 
Compiler  System,  Version  4.6.4  Sun  SPARCstation 
IPX  =>  Intel  Pentium  (Operated  as  Bare  Machine) 
Based  in  Xpress  Desktop  (Intel  Product  Number: 
XBASE6E4F-B). 
11  Apr  94,  118p. 

Keywords:  "Compilers,  "Ada  programming  language, 
Standards,  "Validation  summary  reports,  Computer 
program  verification. 

This  Validation  Summary  Report  describes  the  extent 
to  which  a  specific  Ada  compiler  conforms  to  the  Ada 
Standard,  ANSI/MIL- STD-1815A.  This  reports  explains 
all  technical  terms  used  within  it  and  thoroughly  reports 
the  results  of  testing  this  compiler  using  the  Ada  Com- 
piler Validation  Capability.  An  Ada  compiler  must  be 
implemented  according  to  the  Ada  Standard,  and  any 
implementation-dependent  features  must  conform  to 
the  requirements  of  the  Ada  Standard.  The  Ada  Stand- 
ard must  be  implemented  in  its  entirety,  and  nothing 
can  be  implemented  that  is  not  in  the  Standard.  Even 
though  all  validated  Ada  compilers  conform  to  the  Ada 
Standard,  it  must  be  understood  that  some  differences 
do  exist  between  implementations.  The  Ada  Standard 
permits  some  implementation  dependencies-for  ex- 
ample, the  maximum  length  of  identifiers  or  the  maxi- 
mum values  of  integer  types.  Other  differences  be- 
tween compilers,  result  from  the  characteristics  of  par- 
ticular operating  systems,  hardware,  or  implementation 
strategies.  All  the  dependencies  observed  during  the 
process  of  testing  this  compiler  are  given  in  this  report. 
The  information  in  this  report  is  derived  from  the  test 
results  produced  during  validation  testing.  The  valida- 
tion process  includes  submitting  a  suite  of  standard- 
ized tests,  the  ACVC,  as  inputs  to  an  Ada  compiler  and 
evaluating  the  results. 


01,656 

AD-A280  145/4       PC  A05/MF  A02 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number  940325S1. 11345  DDC-I.  DACS  Sun 
SPARC/SunOS  to  680x0  Bare  Ada  Cross  Compiler 
System,  Version  4.6.9  Sun  SPARCstation  IPX  => 
Motorola  MVME1 43  68030/68882  (Bare  Machine). 
11  Apr  94,  100p. 

Keywords:  "Ada  programming  language,  "Compilers, 
Computer  program  verification,  Functional  analysis, 


Optimization,  Software  engineering,  Test  and  evalua- 
tion, Standards,  "Validation  summary  reports, 
ACVC(Ada  Compiler  Validation  Capability). 

No  abstract  available. 


01,657 

AD-A280  295/7       PC  A06/MF  A02 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  940325S1 .11352  DDC-I  DACS  Sun 
SPARC/Solaries  to  Pentium  PM  Bare  Ada  Cross 
Compiler  System,  Version  4.6.4  Sun  SPARCclassic 
=>  Intel  Pentium  (Operated  as  Bare  Machine) 
Based  in  Xpress  Desktop  (Intel  Product  Number: 
XBASE6E4F-B). 
25  Mar  94,  117p. 

Keywords:  "Ada  programming  language,  "Compilers, 
Operating  systems(Computers),  Software  engineering, 
"Validation  summary  reports,  Standards,  Computer 
program  verification. 

The  ADA  implementation  described  above  was  tested 
according  to  the  Ada  Validation  Procedures  Pro92 
against  the  Ada  Standard  Ada83  using  the  current  Ada 
Compiler  Validation  Capability  (ACVC).  This  Validation 
Summary  Report  (VSR)  gives  an  account  of  the  testing 
of  this  ADA  implementation.  For  any  technical  terms 
used  in  this  report,  the  reader  is  referred  to  Pro92.  A 
detailed  description  of  the  ACVC  may  be  found  in  the 
current  ACVC  User's  Guide  UG89. 


01,658 

AD-A288  571/3       PC  A03/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number  940902S1 .1 1 377  UNISYS  Corporation. 
IntegrAda  for  Windows  NT,  Version  1.0.  Intel 
Deskside  Server  with  Intel  80486DX266  =>  Intel 
Deskside  Server  with  Intel  80486DX266. 
D.  K.  Jefferson,  L.  A.  Johnson,  and  D.  J.  Peifer.  14 
Sep  94,  36p. 

Keywords:  "Validation,  "Compilers,  "Ada  programming 
language,  Standards. 

The  Ada  implementation  described  above  was  tested 
according  to  the  Ada  Validation  Procedures  Pro92 
against  the  Ada  Standard  Ada83  usinq  the  current  Ada 
Compiler  Validation  Capability  (ACVC).  This  Validation 
Summary  Report  (VSR)  gives  an  account  of  the  testing 
of  this  Ada  implementation.  For  any  technical  terms 
used  in  this  report,  the  reader  is  referred  to  Pro92. 


01.659 

AD-A288  572/1        PC  A03/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number  940902S1 .1 1 376.  UNISYS  Corporation 
IntegrAda  for  Windows  NT,  Version  1.0.  Intel 
Deskside  Server  for  Intel  Pentium  60  MHz  =>.  Intel 
Deskside  Server  with  Intel  Pentium  60  MHz. 
D.  K.  Jefferson,  L.  A.  Johnson,  and  D.  J.  Reifer.  14 
Sep  94,  36p. 

Keywords:  "Validation,  "Compilers,  "Ada  programming 
language,  Standards. 

The  Ada  implementation  described  above  was  tested 
according  to  the  Ada  Validation  Procedures  Pro92 
against  the  Ada  Standard  Ada83  usinq  the  current  Ada 
Compiler  Validation  Capability  (ACVC).  This  Validation 
Summary  Report  (VSR)  gives  an  account  of  the  testing 
of  this  Ada  implementation.  For  any  technical  terms 
used  in  this  report,  the  reader  is  referred  to  Pro92. 


01,660 

AD-A288  573/9       PC  A03/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number  94101251.11379  TISOFT,  Inc.  Green 
Hills  Optimizing  Ada  Compileer,  Version  1.8.7  with 
PATCK  ID  1  COMPAQ  ProLiiant  2000  Model  55/66 
=>  COMPAQ  ProLiant  2000  Model  5/66. 
Oct  94,  34p. 

Keywords:  "Validation,  "Compilers,  "Ada  programming 
language,  Standards. 

The  Ada  implementation  described  above  was  tested 
according  to  the  Ada  Validation  Procedures  Pro92 


against  the  Ada  Standard  Ada83  using  the  current  Ada 
Compiler  Validation  Capability  (ACVC).  This  Validation 
Summary  Report  (VSR)  gives  an  account  of  the  testing 
of  this  Ada  implementation.  For  any  technical  terms 
used  in  this  report,  the  reader  is  referred  to  Pro92. 


01,661 

AD-A288  574/7       PC  A05/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report:  Certifi- 
cate Number:  940929S1. 11378.  Digital  Equipment 
Corporation  DEC  Ada  for  DEC  OSF/1  AXP  Sys- 
tems, Version  3.2;  DEC  3000  Model  400  AXP 
Workstation  =>  DEC  3000  Model  400  AXP 
Workstation. 
4  Oct  94,  77p. 

Keywords:  "Validation,  "Compilers,  "Ada  programming 
language,  Facilities,  Standards. 

The  Ada  implementation  described  above  was  tested 
according  to  the  Ada  Validation  Procedures  Pro92 
against  the  Ada  Standard  Ada83  usinq  the  current  Ada 
Compiler  Validation  Capability  (ACVC).  This  Validation 
Summary  Report  (VSR)  gives  an  account  of  the  testing 
of  this  Ada  implementation.  For  any  technical  terms 
used  in  this  report,  the  reader  is  referred  to  Pro92. 


01,662 

AD-A289  895/5       PC  A05/MF  A01 

National  Inst,  of  Standards  and  Technology  (NCSL), 

Gaithersburg,  MD.  Software  Standards  Validation 

Group. 

Ada  Compiler  Validation  Summary  Report.  Certifi- 
cate Number  941 1 1 7S1 .1 1 380.  Electronic  Data  Sys- 
tems Corp.  Compiler:  OC  Systems  Legacy  Ada/ 
370,  Release  1.4.1  (without  optimization). 

2  Dec  94,  94p. 

Keywords:  "Compilers,  "Ada  programming  language, 
Optimization,  Information  systems,  Validation,  Elec- 
tronic equipment,  Spn-1 99501 1 901 1 . 

The  following  Ada  implementation  was  tested  and  de- 
termined to  pass  ACVC  I. II.:  Compiler  Name  and  Ver- 
sion -  OC  Systems  Legacy  Ada/370,  Release  1.4.1, 
Host  Computer  System  -  AMDAHL  5990  under  VM/ 
ESA,  Release  2.1,  and  Target  Computer  System  - 
AMDAHL  5990  under  VM/ESA,  Release  2.1 .  This  Vali- 
dation Summary  Report  (VSR)  gives  an  account  of  the 
testing  of  this  Ada  implementation.  For  any  technical 
terms  used  in  this  report,  the  reader  is  referred  to 
(Pro92).  A  detailed  description  of  the  Ada  Compiler 
Validation  Capability  (ACVC)  may  be  found  in  the  cur- 
rent ACVC  User's  Guide  (UG89). 


01,663 

AD-A293  709/2       PC  A05/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

ADA  Compiler  Validation  Summary  Report,  VC 
Number  950303S1.11381.  Digital  Equipment  Cor- 
poration -  Compiler  Name:  DEC  Ada  for  OpenVMS 
Alpha  Systems,  Version  3.2. 

28  Mar  95,  78p. 

Keywords:  "Validation,  "Compilers,  "Ada  programming 
language,  Test  and  evaluation,  Digital  systems,  Host 
computers,  Standards,  Work  stations, 
Implementation(Computers). 

This  Ada  implementation  was  tested  and  determined 
to  pass  ACVC  1.11.  Testing  was  completed  on  March 
3,  1 995.  Host  Computer  System:  DEC  3000  Model  400 
AXP  Workstation  under  OpenVMS  Alpha  Operating 
System,  Version  6.1  Target  Computer  System:  DEC 
3000  Model  400  AXP  Workstation  under  OpenVMS 
Alpha  Operating  System,  Version  6.1. 


01,664 

AD-A296  794/1        PC  A05/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Ada  Compiler  Validation  Summary  Report,  VC  No. 
950609S1.11390  Digital  Equipment  Corporation  - 
Compiler  Name:  DEC  Ada  Version  3.2  for 
OpenVMS  VAX  Systems. 

Final  rept. 

12  Jun  95,  80p. 

Keywords:  "Compilers,  "Ada  programming  language, 
Validation,  Standards,  Computer  program  verification. 

This  Ada  implementation  was  tested  and  determined 
to  pass  ACVC  I. II.  Testing  was  completed  on  9  June 
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I  995.  Host  Computer  System:  VAXstation  3100  Model 
76  under  OpenVMS  VAX  Operating  System,  Version 
6.2  Target  Computer  System:  VAXstation  3100  Model 
76  under  OpenVMS  VAX  Operating  System,  Version 
6.2(KAR)P.  1. 


01,665 

DE94014586       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (NEL), 

Gaithersburg,  MD.  Center  for  Computing  and  Applied 

Mathematics. 

Measuring  Performance  of  Parallel  Computers. 
Final  Report. 

F.  Sullivan.  1994,  23p,  DOE/ER/25046-T1. 
Contract  AI05-87ER25046 

Sponsored  by  Department  of  Energy,  Washington,  DC. 

Keywords:  'Parallel  Processing,  Algorithms,  Bench- 
marks, Performance  Testing,  EDB/990200. 

Performance  Measurement  -  the  authors  have  devel- 
oped a  taxonomy  of  parallel  algorithms  based  on  data 
motion  and  example  applications  have  been  coded  for 
each  class  of  the  taxonomy.  Computational  benchmark 
kernels  have  been  extracted  for  several  applications, 
and  detailed  measurements  have  been  performed.  Al- 
gorithms for  Massively  Parallel  SIMD  machines  - 
measurement  results  and  computational  experiences 
indicate  that  top  performance  will  be  achieved  by  'iter- 
ation' type  algorithms  running  on  massively  parallel 
SIMD  machines.  Reformulation  as  iteration  may  entail 
unorthodox  approaches  based  on  probabilistic  meth- 
ods. The  authors  have  developed  such  methods  for 
some  applications.  Here  they  discuss  their  approach 
to  performance  measurement,  describe  the  taxonomy 
and  measurements  which  have  been  made,  and  report 
on  some  general  conclusions  which  can  be  drawn  from 
the  results  of  the  measurements. 


01,666 

DE9401 4587       PC  A03/M  F  A0 1 

National  Inst,  of  Standards  and  Technology  (NEL), 

Gaithersburg,  MD.  Center  for  Computing  and  Applied 

Mathematics. 

Measuring  Performance  of  Parallel  Computers. 
Progress  Report,  1989. 

F.  Sullivan.  1994,  23p,  DOE/ER/25046-T2. 
Contract  AI05-87ER25046 

Sponsored  by  Department  of  Energy,  Washington,  DC. 

Keywords:  "Parallel  Processing,  Algorithms,  Bench- 
marks, Performance  Testing,  Progress  Report,  EDB/ 
990200. 

Performance  Measurement  -  the  authors  have  devel- 
oped a  taxonomy  of  parallel  algorithms  based  on  data 
motion  and  example  applications  have  been  coded  for 
each  class  of  the  taxonomy.  Computational  benchmark 
kernels  have  been  extracted  for  several  applications, 
and  detailed  measurements  have  been  performed.  Al- 
gorithms for  Massively  Parallel  SIMD  machines  - 
measurement  results  and  computational  experiences 
indicate  that  top  performance  will  be  achieved  by  'iter- 
ation' type  algorithms  running  on  massively  parallel 
SIMD  machines.  Reformulation  as  iteration  may  entail 
unorthodox  approaches  based  on  probabilistic  meth- 
ods. The  authors  have  developed  such  methods  for 
some  applications.  Here  they  discuss  their  approach 
to  performance  measurement,  describe  the  taxonomy 
and  measurements  which  have  been  made,  and  report 
on  some  general  conclusions  which  can  be  drawn  from 
the  results  of  the  measurements. 


01,667 

FIPS  PUB  119-1  PC$278.00 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 

ADA;  Category:  Software  Standard;  Subcategory: 
Programming  Language. 

13  Mar  95,  546p,  ANSI/ISO/IEC-8652-1995. 
Supersedes  FIPS  PUB  119.  Prepared  in  cooperation 
with  American  National  Standards  Inst.,  New  York. 
Three  ring  binder  also  available.  North  American  Con- 
tinent price  $6.25;  all  others  write  for  quote. 

Keywords:  "Ada  programming  language,  "Standards, 
"Data  processing,  Computer  program  portability,  Com- 
pilers, Decoding,  Semantics,  Syntax,  High  level  lan- 
guages, Conformance,  Software  standards,  Program- 
ming languages,  Federal  Information  Processing 
Standards. 

The  purpose  of  the  standard  is  to  promote  portability 
of  Ada  programs  for  use  on  a  variety  of  data  process- 
ing systems.  The  standard  is  for  use  by  implementors 
as  the  reference  authority  in  developing  compilers,  in- 


terpreters, or  other  forms  of  high  level  language  proc- 
essors; and  by  other  computer  professionals  who  need 
to  now  the  precise  syntactic  and  semantic  rules  of  the 
standard. 


01,668 

FIPS  PUB  153-1        PC  E99 

National  Inst,  of  Standards  and  Technology  (CSL), 
Gaithersburg,  MD. 

Programmer's  Hierarchical  Interactive  Graphics 
System  (PHIGS).  Category:  Software  Standard; 
Subcategory:  Graphics. 

27  Jan  95,  199p. 
Supersedes  FIPS  PUB  153. 

Three  ring  vinyl  binder  available;  North  American  Con- 
tinent price  $7.00;  all  others  write  for  quote. 

Keywords:  "Interactive  graphics,  "Computer  software, 
"Federal  information  processing  standards,  Computer 
program  portability,  Computer  graphics,  Computer  ani- 
mation, Computer  aided  design,  Data  structures, 
Specifications,  PHIGS(Programmers  Hierarchical 
Interactive  Graphics  Systems),  PLUS(Plus  Lumiere 
and  Surfaces). 

The  publication  is  a  revision  of  FIPS  PUB  153  and  su- 
persedes that  document  in  its  entirety.  This  revision 
provides  a  substantial,  upward-compatible  enhance- 
ment of  the  basic  Programmer's  Hierarchical  Inter- 
active Graphics  System  (PHIGS)  functionality  known 
as  Plus  Lumiere  and  Surfaces,  (PHIGS  PLUS)  (ANSI/ 
ISO  9592.1a,2a,3a,4:1992).  PHIGS  PLUS  adds  facili- 
ties for  the  specification  of  curved  lines,  curved  and 
facetted  surfaces,  lighting  and  shading,  and  adds  a 
mechanism  for  color  specification  to  allow  non-indexed 
color  specification.  Amendments  to  each  part  of  the 
PHIGS  specification  details  revisions  required  by 
PHIGS  PLUS.  Also,  each  language  binding  of  PHIGS 
has  been  amended  as  a  result  of  PHIGS  PLUS.  The 
specifications  and  amendments  that  comprise  the 
complete  PHIGS  standard  as  a  result  of  this  revision 
are  detailed  in  the  Specification  section  of  this  docu- 
ment. 


01,669 

FIPS  PUB  194       PC  E04 

National  Inst,  of  Standards  and  Technology  (CSL), 
Gaithersburg,  MD. 

Open  Document  Architecture  (ODA)  Raster  Docu- 
ment Application  Profile  (DAP).  Category:  Software 
Standard;  Subcategory:  Graphics. 

13  Mar  95,  54p. 

Three  ring  vinyl  binder  available;  North  American  Con- 
tinent price  $7.00;  all  others  write  for  quote. 

Keywords:  "Federal  information  processing  standards, 
"Computer  graphics,  "Documents,  Raster  scanning, 
Format,  Data  transfer(Computers),  Image  processing, 
Text  processing,  DAP(Documents  Application  Profile), 
ISP(lnternational  Standardized  Profile),  ODA(Open 
Document  Architecture). 

This  Federal  Information  Processing  Standard  (FIPS) 
adopts  the  International  Organization  for  Standardiza- 
tion (ISOVInternational  Electrotechnical  Commission 
(IEC)  12064-1  International  Standard  Profile  (ISP) 
FOD1 1 2,  which  specifies  the  use  of  subset  of  the  Open 
Document  Architecture  (ODA)  standard.  It  facilitates 
the  interchange  of  raster  documents  among  different 
raster  graphics  applications  by  specifying  the  con- 
straints on  document  structure  and  content  according 
to  the  rules  of  the  ODA  standard.  The  documents  sup- 
ported by  this  standard  are  based  on  a  paradigm  of 
an  electronic  engineering  drawing,  illustration,  or  other 
electronic  image.  The  FIPS  PUB  specifies  the  structure 
and  parameters  for  describing  and  interchanging  bi- 
level  untiled  compressed  images  as  well  as  tiled  raster 
images. 


01,670 

FIPS  PUB  21-4       PC  E99 

National  Inst,  of  Standards  and  Technology  (CSL), 
Gaithersburg,  MD. 

COBOL.  Category:  Software  Standard;  Sub- 
category: Programming  Language.  Includes 
ANSI'S  X3.23-1985,  X3.23A-1989  and  X3.23B-1993. 

23  Jan  95,  975p. 

Supersedes  FIPS  PUB  21-3.  Also  available  from  Supt. 
of  Docs.  Also  pub.  as  American  National  Standards 
Committee,  New  York  rept  no.  ANSI-X3.23-1985, 
ANSI-X3.23A-1989  and  ANSI-X3.23B-1993.  Prepared 
in  cooperation  with  American  National  Standards  Com- 
mittee, New  York. 

Three  ring  vinyl  binder  also  available;  North  American 
Continent  price  $7.00,  all  others  write  for  quote. 


Keywords:  "COBOL,  "Standards,  "Programming  lan- 
guages, Memory(Computers),  ANSI(American  Na- 
tional Standards  Institute). 

This  standard  is  a  revision  of  American  National  Stand- 
ard for  Programming  Language  COBOL,  ANSI  X3.23- 
1974.  The  language  specifications  contained  in  this 
standard  were  drawn  from  both  ANSI  X3.23-1974  and 
the  CODASYL  COBOL  Journal  of  Development.  Like 
its  prodecessors,  this  document  provides  specifica- 
tions for  both  the  form  and  interpretation  of  programs 
expressed  in  COBOL.  It  is  intended  to  provide  a  high 
degree  of  machine  independence  in  such  programs  in 
order  to  permit  their  use  on  a  variety  of  automatic  data 
processing  systems. 

01,671 

FIPS  PUB  21-4A       PC  E99 

National  Inst,  of  Standards  and  Technology  (CSL), 
Gaithersburg,  MD. 

COBOL.  Category:  Software  Standard;  Sub- 
category: Programming  Language.  Part  A. 

23  Jan  95,  94p. 

Supersedes  FIPS  PUB  21-3A.  Also  available  from 
Supt.  of  Docs.  Also  pub.  as  American  National  Stand- 
ards Committee,  New  York  rept  no.  ANSI-X3.23A- 
1989.  Prepared  in  cooperation  with  American  National 
Standards  Committee,  New  York. 
Three  ring  vinyl  binder  also  available;  North  American 
Continent  price  $7.00,  all  others  write  for  quote. 

Keywords:  "COBOL,  "Standards,  "Programming  lan- 
guages, Memory(Computers),  ANSI(American  Na- 
tional Standards  Institute). 

This  supplement,  the  first  to  the  document  entitled 
'American  National  Standard  for  Information  Systems 

-  Programming  Language  -  COBOL,  ANSI  X3.23-1 985, 
ISO  1989-1985,'  presents  a  new  COBOL  module,  the 
Intrinsic  Function  module.  This  module  provides  the 
capability  of  referencing  a  data  item  whose  value  is  de- 
rived automatically  during  the  execution  of  a  program. 

01,672 

FIPS  PUB  21-4B       PC  E99 

National  Inst,  of  Standards  and  Technology  (CSL), 
Gaithersburg,  MD. 

COBOL.  Category:  Software  Standard;  Sub- 
category: Programming  Language.  Part  B. 

23  Jan  95,  80p. 

Supersedes  FIPS  PUB  21-3.  Also  available  from  Supt. 
of  Docs.  Also  pub.  as  American  National  Standards 
Committee,  New  York  rept.  no.  ANSI-X3.23B-1993. 
Prepared  in  cooperation  with  American  National 
Standards  Committee,  New  York. 
Three  ring  vinyl  binder  also  available;  North  American 
Continent  price  $7.00,  all  others  write  for  quote. 

Keywords:  "COBOL,  "Standards,  "Programming  lan- 
guages, Memory(Computers),  ANSI(American  Na- 
tional Standards  Institute). 

This  amendment,  the  second  to  the  document  entitled 
American  National  Standard  for  Information  Systems 

-  Programming  Language  -  COBOL,  ANSI  X3.23-1 985, 
ISO  1989:1985,  presents  correction  of  errors  and  clari- 
fication of  ambiguities  in  Programming  Language 
COBOL. 


01,673 

FIPSPUB184       PC  E10 

National  Inst,  of  Standards  and  Technology  (CSL), 
Gaithersburg,  MD. 

Integration  Definition  for  Information  Modeling 
(IDEF1X);  Category:  Software  Standard;  Sub- 
category: Modeling  Techniques. 

21  Dec  93,  163p. 

Also  available  from  Supt.  of  Docs.  See  also  AD-A266 
176. 

Three  ring  vinyl  binder  also  available;  North  American 
Continent  price  $7.00;  ail  others  write  for  quote. 

Keywords:  "Data  models,  "Systems  engineering,  Data 
base  management  systems,  Information  systems, 
Data  management,  Semantics,  Syntax,  Computer 
models,  "IDEF1  X(lnformation  Definition  for  Information 
Modeling),  Software  standards,  Modeling  techniques, 
Graphical  languages,  Data  definition. 

This  standard  is  based  on  the  Integration  Information 
Support  System  (IISS),  Volume  V  -  Common  Data 
Model  Subsystem,  Part  4  -  Information  Modeling  Man- 
ual -  IDEF1  Extended,  1  (IDEF1X)  November  1985 
(AD-A181  952).  This  standard  describes  the  IDEF1X 
modeling  language  (semantics  and  syntax)  and  asso- 
ciated rules  and  techniques,  for  developing  a  logical 
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model  of  data.  IDEF1X  is  used  to  produce  a  graphical 
information  model  which  represents  the  structure  and 
semantics  of  information  within  an  environment  or  sys- 
tem. Use  of  this  standard  permits  the  construction  of 
semantic  data  models  which  may  serve  to  support  the 
management  of  data  as  a  resource,  the  integration  of 
information  systems,  and  the  building  of  computer 
databases. 


01,674 

N94-36857/8       (Order  as  N94-36853/7,  PC  A10/ 
MF  A03) 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Open  System  Environments. 

F.  Schulz.  Aug  94,  31  p. 

In  National  Aeronautics  and  Space  Administration, 
NASA  Sti  Program  Coordinating  Council  Twelfth  Meet- 
ing: Standards  p  85-1 15. 

Keywords:  "Distributed  processing,  'Information  sys- 
tems, "Standards,  "Applications  programs  (Comput- 
ers), Computer  networks,  Internets,  Protocol  (Comput- 
ers), Systems  compatibility,  Systems  engineering, 
User  requirements. 

An  open  system  is  defined  as  a  system  that  imple- 
ments open  specifications  for  interlaces,  services,  and 
supporting  formats  to  enable  properly  engineered  ap- 
plications software  to  be  ported  with  minimal  changes 
across  a  wide  range  of  systems;  and  to  interact  with 
users  in  a  style  which  facilitates  user  portability.  Based 
on  that  definition,  a  reference  model  for  an  open  sys- 
tem environment  is  presented. 

01,675 

PB94-139623       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 

Computing  Effects  and  Error  for  Large  Synthetic 
Perturbation  Screenings. 

N.  Drouin,  R.  Kacker,  and  G.  Lyon.  Dec  93,  15p, 
NISTIR-5296. 

See  also  PB93-161339,  PB93-1 78572  and  PB93- 
189835.  Sponsored  by  Defense  Advanced  Research 
Projects  Agency,  Arlington,  VA. 

Keywords:  "Parallel  programming,  "Statistical  analysis, 
Analysis  of  variance,  Standard  error,  Experimental  de- 
sign, Computation,  "Synthetic  Perturbation  Screening, 
Hadamard  matrices. 

Synthetic  Perturbation  Screening  (SPS)  is  a  powerful, 
statistically-based  method  of  performance  improve- 
ment for  parallel  computer  programs.  SPS  uses  statis- 
tically designed  experiments  to  identify  segments  of 
code  that  consume  significant  computing  resources  or 
otherwise  impede  a  parallel  application.  Analysis  typi- 
cally starts  with  a  preliminary  screening  of  a  large  num- 
ber of  code  segments;  SPS  does  this  via  fractional  fac- 
torial designs  based  upon  Hadamard  matrices.  Since 
Hadamard  matrix  designs  are  not  commonly  discussed 
in  introductory  texts,  there  is  a  need  to  survey  briefly 
the  calculation  of  their  effects  and  especially,  their 
standard  error.  The  result  is  a  practical,  supplementary 
sketch  that  should  help  users  of  SPS  automatic  tools 
understand  how  investigations  and  analyses  are  being 
performed. 
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PB94-140167       PC  A04/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Guide  to  Software  Engineering  Environment  As- 
sessment and  Evaluation. 

B.  B.  Cuthill.  Nov  93,  69p,  NISTIR-5295. 

Sponsored  by  Defense  Information  Systems  Agency, 

Arlington,  VA. 

Keywords:  "Software  engineering,  "Evaluation,  Soft- 
ware tools,  Methodology,  Requirements,  User  needs, 
*SEE(Software  Engineering  Environment), 
CASE(Computer  Aided  Software  Engineering). 

This  guide  outlines  general  approaches  to  software  en- 
gineering environment  (SEE)  assessment  and  evalua- 
tion. This  guide  defines  SEE  assessment  as  the  proc- 
ess of  accurately  describing  the  capabilities  of  a  soft- 
ware engineering  environment  to  support  and  integrate 
a  range  of  computer  aided  software  engineering 
(CASE)  tools.  The  guide  defines  SEE  evaluation  as  the 
process  of  determining  how  well  a  SEE  matches  the 
customer's  requirements.  The  assessment  and  eval- 
uation approaches  presented  here  focus  on  accurately 
defining  the  integration  and  functional  capabilities  of 
candidate  SEEs  and  the  requirements  of  the  customer. 
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PB94-1 43401        PC  A06/MF  A02 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 

Next  Generation  Computer  Resources:  Reference 
Model  for  Project  Support  Environments  (Version 
2.0). 

Special  pub. 

A.  Brown,  D.  Carney,  P.  Oberndorf,  and  M. 
Zelkowitz.  Nov  93,  123p,  NIST/SP-500/213. 
Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03244-1.  Also  pub.  as  Carnegie-Mellon  Univ.,  Pitts- 
burgh, PA.  Software  Engineering  Inst.  rept.  no.  CMU/ 
SEI/93-TR-23.  See  also  AD-A255  575.  Prepared  in  co- 
operation with  Carnegie-Mellon  Univ.,  Pittsburgh,  PA. 
Software  Engineering  Inst.  Sponsored  by  Space  and 
Naval  Warfare  Systems  Command,  Washington,  DC. 

Keywords:  "Software  engineering,  Systems  engineer- 
ing, User  needs,  Support  services,  Software  tools, 
Computer  software  management,  Project  manage- 
ment, "Reference  models,  *PSEs(Project  Support  En- 
vironments), Frameworks. 

Software  engineering  environments  (SEEs)  are  typi- 
cally built  on  hardware  and  operating  system  plat- 
forms. Current  SEE  architectures  distinguish  between 
a  set  of  relatively  fixed  number  of  services  called  the 
framework,  and  application-specific  tools  called  end- 
user  services.  This  report  extends  the  concept  of  SEE 
frameworks  with  appropriate  end-user  services  for  de- 
fining project  support  environments. 
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PB94-150919       PC  A03/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Guide  to  Configuration  Management  and  the  Revi- 
sion Control  System  for  Testbed  Users. 

S.  Bodarky.  Aug  91,  25p,  NISTIR-4646. 
See  also  PB91-107615.  Sponsored  by  Assistant  Sec- 
retary of  Defense  (Production  and  Logistics),  Washing- 
ton, DC.  Computer-aided  Acquisition  and  Logistic  Sup- 
port Program. 

Keywords:  "Configuration  management,  "Computer 
software,  Software  tools,  Standards,  File  management 
systems,  Documents,  Software  engineering,  Systems 
analysis,  *RCS(Revision  Control  System), 
*PDES(Product  Data  Exchange  using  STEP), 
STEP(Standard  for  the  Exchange  of  Product  Model 
Data). 

Product  Data  Exchange  using  STEP  (PDES)  refers  to 
the  United  States  organizational  activities  in  support  of 
the  development  of  the  Standard  for  the  Exchange  of 
Product  Model  Data  (STEP).  These  activities  have  re- 
sulted in  the  creation  of  large  amounts  of  information 
and  software,  which  reside  in  the  PDES  File  System 
on  the  computer  systems  at  the  National  Institute  of 
Standards  and  Technology.  The  PDES  software,  docu- 
ments, and  data  have  been  placed  under  configuration 
management  using  the  Revision  Control  System 
(RCS),  in  order  to  ensure  that  change  to  these  items 
occurs  in  a  controlled  manner,  and  that  any  services 
provided  by  them  are  done  so  as  reliably  as  possible. 
This  document  provides  instructions  for  anyone  need- 
ing to  access  this  material. 
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PB94-1 60793       PC  A03/MF  A01 
National  Inst,  of  Standards  and  Technology  (CAML), 
Gaithersburg,  MD.  Applied  and  Computational  Mathe- 
matics Div. 

Review  of  Mathematical  Function  Library  for 
Microsoft-FORTRAN,  John  Wiley  and  Sons,  1989. 

Final  rept. 

D.  W.  Lozier,  and  F.  W.  J.  Olver.  Dec  90,  16p, 
NISTIR-4490. 

Prepared  in  cooperation  with  Maryland  Univ.,  College 
Park.  Inst,  for  Physical  Science  and  Technology. 

Keywords:  "FORTRAN,  "Subroutine  libraries,  Com- 
puter programming,  Software,  Algorithms,  US  NIST, 
Calculators,  Tables(Data),  Mathematical  tables,  Manu- 
als. 

The  loose-leaf  manual  and  accompanying  diskettes 
under  review,  which  we  shall  refer  to  as  the  'UL  Li- 
brary', may  be  regarded  as  an  attempt  to  replace  the 
numerical  tables  of  the  higher  transcendental  functions 
supplied  in  the  NBS  Handbook  by  a  comprehensive 
software  package.  The  functions  treated  include 
Bessel  and  related  functions,  hypergeometric  and  con- 
fluent hypergeometric  functions,  elliptic  functions  and 


integrals,  exponential  integral  and  related  functions, 
error  function  and  related  functions,  Gamma  and  in- 
complete Gamma  functions,  orthogonal  polynomials, 
probability  functions  and  random  number  generators. 

01.680 

PB94-1 63086       PC  A03/M  F  A0 1 

National  Inst,  of  Standards  and  Technology  (NCSL), 

Gaithersburg,  MD.  Systems  and  Software  Technology 

Div. 

Distributed  Supercomputing  Software:  Experi- 
ences with  the  Parallel  Virtual  Machine  -  PVM. 

R.  D.  Schneeman.  Mar  94,  25p,  NISTIR-5381. 
See  also  DE91 01 4961. 

Keywords:  "Supercomputers,  "Distributed  computer 
systems,  "Parallel  processing,  "Computer  software, 
Computer  program  portability,  Requirements,  Parallel 
programming,  Graphic  methods,  Man  computer  inter- 
face, Models,  Heterogeneity,  US  NIST,  Graphical  user 
interface. 

The  Parallel  Virtual  Machine  (PVM)  is  a  general  pur- 
pose distributed  system  developed  by  researchers  at 
the  Oak  Ridge  National  Laboratory  and  Emory  Univer- 
sity. The  PVM  system  consists  of  a  portable  suite  of 
software  specifically  designed  for  use  by  parallel  and 
supercomputing  application  engineers.  The  National 
Institute  of  Standards  and  Technology  (NIST)  re- 
searchers are  studying  PVM  to  assist  them  in  defining 
the  system  service  requirements  needed  to  support 
parallel  programming  and  supercomputing  activities  in 
the  general  purpose  distributed  setting.  The  report  fo- 
cuses on  defining  the  profile  requirements  culminating 
from  our  PVM  assessment;  therefore,  the  document 
will  also  provide  reference  material  for  those  involved 
in  evaluating  distributed  system  software  for  the 
supercomputing  domain. 
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PB94-1 64399       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 

Time-Perturbation  Tuning  of  MIMD  Programs. 

G.  Lyon,  R.  Snelick,  and  R.  Kacker.  Jun  82,  22p, 
NISTIR-4859. 

See  also  PB93-161339.  Sponsored  by  Defense  Ad- 
vanced Research  Projects  Agency,  Arlington,  VA. 

Keywords:  "Parallel  programming,  Experimental  de- 
sign, Distributed  computer  systems,  Optimization,  Per- 
formance evaluation,  Response  time(Computers), 
"Time-perturbation  tuning,  "MIMD,  "Multiple-instruction 
Multiple-data,  Code  perturbation,  DEX(Design  experi- 
ments). 

Time-perturbation  tuning  (TPT)  is  a  novel  technique  for 
assaying  and  improving  the  performance  of  programs 
on  Multiple-instruction  Multiple-data  (MIMD)  systems. 
Small,  synthetic  program  delays  are  combined  with 
statistically  designed  experiments  (DEX).  Claims  for 
TPT  are  two:  (1)  Conceptually,  it  brings  the  powerful, 
mathematical  perspective  of  experiment  design  to 
interdependent,  sometimes  refractory  aspects  of 
MIMD  program  tuning;  (2)  Practically,  it  provides  a 
needed  speedup  mechanism,  synthetic  time  delays  for 
what  otherwise  would  be  ad-hoc,  hand  tailored  pro- 
gram setups  for  DEX.  Overall,  the  technique  identifies 
bottlenecks  in  programs  directly,  as  quantitative  effects 
upon  response  time.  TPT  works  on  programs  for  both 
shared  and  distributed-memory,  and  it  scales  well  with 
increasing  system  size. 
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PB94-1 65206       PC  A08/MF  A02 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD.  Information  Systems  Engineering 

Div. 

User's  Guide  for  the  PHIGS  Validation  Tests  (Ver- 
sion 2.1). 

K.  G.  Brady,  J.  V.  Cugini,  and  Q.  Wang.  Apr  94, 
174p,  NISTIR-5398. 

Supersedes  PB93-1 26365  and  PB93-228617.  See 
also  PB90-269580. 

Keywords:  "Interactive  graphics,  "Standards, 
"Computer  program  verification,  Computer  graphics, 
Hierarchies,  Tests,  Data  structures,  Specifications, 
Subroutine  libraries,  Computer  software, 
PHIGS(Programmers  Hierarchical  Interactive  Graph- 
ics System),  PVT(PHIGS  Validation  Tests), 
NIST(National  Institute  of  Standards  and  Technology). 

The  Programmers  Hierarchical  Interactive  Graphics 
System  (PHIGS)  Validation  Tests  (PVT),  developed  by 
the  National  Institute  of  Standards  and  Technology 
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(NIST),  consist  of  a  large  set  of  Fortran  and  C  pro- 
grams which  may  be  used  to  test  how  well  implementa- 
tions of  PHIGS  conform  to  the  standard.  The  tests  are 
organized  into  a  hierarchical  structure  of  modules 
which  corresponds  to  the  conceptual  overview  of  the 
standard.  The  tests  are  associated  with  the  standard 
via  a  set  of  semantic  requirements  which  are  derived 
directly  from  the  standard.  Cross-reference  tables 
allow  the  user  to  find  tests  relating  to  specific  PHIGS 
functions  and  data  structures.  Directions  for  installation 
and  operation  of  the  tests  are  included. 

01,683 

PB94-172301       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (NCSL), 

Gaithersburg,  MD.  Systems  and  Network  Architecture 

Div. 

RDI-SIM  ECMA  Inter-Domain  Routing  Protocol 
Simulation  Tool. 

Final  rept. 

K.  R.  Glenn.  1990,  5p. 

Pub.  in  Proceedings  of  Institute  of  Electrical  and  Elec- 
tronics Engineers  Global  Telecommunications  Con- 
ference and  Exhibition,  San  Diego,  CA.,  December  2- 
5,  1990,  p579-583. 

Keywords:  'Routing,  "Protocols,  "Computerized  sim- 
ulation, "Software  tools,  Performance  evaluation,  Re- 
prints, ECMA(European  Computer  Manufacturers  As- 
sociation), OSI(Open  Systems  Interconnection),  IS- 
IS(lntermediate  System  to  Intermediate  System),  Inter- 
domain. 

Three  classes  of  Open  Systems  Interconnection  (OSI) 
routing  protocols  have  been  defined  by  the  Inter- 
national Organization  for  Standardization  (ISO):  End 
System  to  Intermediate  System  (ES-IS),  intra-domain 
Intermediate  System  to  Intermediate  System  (IS-IS), 
and  inter-domain  IS-IS.  The  paper  addresses  a  simula- 
tion tool  developed  at  the  National  Institute  of  Stand- 
ards and  Technology  (NIST)  to  aid  in  the  design  and 
performance  evaluation  of  the  European  Computer 
Manufacturers  Association  (ECMA)  inter-domain  IS-IS 
protocol  proposal.  The  paper  discusses  the  inner- 
workings  of  the  simulation  tool  and  how  it  models  the 
ECMA  protocol.  Finally,  a  set  of  experiments  are  de- 
fined that  test  the  performance  of  the  routing  algorithm 
defined  by  ECMA. 
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PB94-172566       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSL), 
Gaithersburg,  MD.  Advanced  Systems  Div. 
Time-Perturbation  Tuning  of  MIMD  Programs. 
Final  rept. 

G.  Lyon,  R.  Snelick,  and  R.  Kacker.  1992,  Hp. 
Pub.  in  Proceedings  of  International  Conference  on 
Modelling  Techniques  and  Tools  for  Computer  Per- 
formance Evaluation  (6th),  Edinburgh,  Scotland,  Sep- 
tember 16-18,  1992,  p21 1-224.  Sponsored  by  Defense 
Advanced  Research  Projects  Agency,  Arlington,  VA. 

Keywords:  "Software  engineering,  Response 
time(Computers),  Computer  systems  performance, 
Multiprocessors,  Reprints,  "TPT,  "Time  Perturbation 
Tuning,  "MIMD,  "Multiple  Instruction  Multiple  Data, 
DEX(Designed  experiments). 

Time-perturbation  tuning  (TPT)  is  a  novel  technique  for 
assaying  and  improving  the  performance  of  programs 
on  Multiple  Instruction  Multiple  Data  (MIMD)  systems. 
Conceptually,  TPT  brings  the  powerful,  mathematical 
perspective  of  statistically  designed  experiments 
(DEX)  to  the  interdependent,  sometimes  refractory  as- 
pects of  MIMD  program  tuning.  Practically,  TPT  pro- 
vides a  needed  speedup  mechanism  of  synthetic  time 
delays  for  what  otherwise  would  be  ad  hoc,  hand-tai- 
lored program  setups  for  DEX.  Overall,  the  technique 
identifies  bottlenecks  in  programs  directly  as  quan- 
titative effects  upon  response  time.  TPT  works  on  pro- 
grams for  both  shared  and  distributed-memory,  and  it 
scales  well  with  increasing  system  size. 
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PB94-172657       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSL), 
Gaithersburg,  MD.  Advanced  Systems  Div. 
Using  Synthetic-Perturbation  Techniques  for  Tun- 
ing Shared  Memory  Programs  (Extended  Abstract). 
Final  rept. 

R.  Snelick,  J.  JaJa,  R.  Kacker,  and  G.  Lyon.  1993, 
9p. 

Pub.  in  Proceedings  of  1993  Int.  Conf.  on  Parallel 
Processing,  St.  Charles,  IL,  Aug.  16-20,  1993,  ppll-2- 
11-10.  Sponsored  by  Defense  Advanced  Research 
Projects  Agency,  Arlington,  VA. 


Keywords:  "Parallel  programming,  Software  engineer- 
ing, Computer  program  portability, 
Memory(Computers),  Multiprocessors,  Case  studies, 
Image  processing,  Sorting  routines,  Parallel  process- 
ing, Reprints,  "SPI,  "Synthetic  Perturbation  Tuning, 
"MIMD,  "Multiple  Instruction  Multiple  Data. 

The  Synthetic-Perturbation  Tuning  (SPT)  methodology 
is  based  on  an  empirical  approach  that  introduces  arti- 
ficial delays  into  the  Multiple  Instruction  Multiple  Data 
(MIMD)  program  and  captures  the  effects  of  such 
delays  by  using  the  modern  branch  of  statistics  called 
design  of  experiments.  SPT  provides  the  basis  of  a 
powerful  tool  for  tuning  MIMD  programs  that  is  portable 
across  machines  and  architectures.  The  purpose  of 
this  paper  is  to  explain  the  general  approach  and  to 
extend  it  to  address  specific  features  that  are  the  main 
source  of  poor  performance  on  the  shared  memory 
programming  model.  These  include  performance  deg- 
radation due  to  load  imbalance  and  insufficient  par- 
allelism, overhead  introduced  by  synchronizations  and 
by  accessing  shared  data  structures,  and  compute 
time  bottlenecks.  The  authors  illustrate  the  practicality 
of  SPT  by  demonstrating  its  use  on  two  very  different 
case  studies:  a  large  image  processing  benchmark 
and  a  parallel  quicksort. 
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PB94-178407       PC  A21/MF  A04 
National  Inst,  of  Standards  and  Technology  (CSL), 
Gaithersburg,  MD.  Advanced  Systems  Div. 
Second  Text  REtrieval  Conference  (TREC-2).  Held 
in  Gaithersburg,  Maryland  on  August  31 -Septem- 
ber 2,1993. 
Special  pub. 

D.  K.  Harman.  Mar  94,  497p,  NIST/SP-500-215. 
Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03255-7.  See  also  PB93-191641. 

Keywords:  "Meetings,  "Information  retrieval,  "Text 
processing,  Thesauri,  Automation,  Natural  language 
processing,  Pattern  recognition,  Routing,  Probability 
theory,  Documents,  Approximation,  Search  structur- 
ing, Knowledge  bases(Artificial  intelligence),  Machine 
learning,  Algorithms,  Semantics,  Vector  processing. 

The  second  Text  REtrieval  Conference  (TREC-2)  was 
held  in  August  1993  and  was  attended  by  about  150 
people  involved  in  the  31  participating  groups.  The 
goal  of  the  Conference  was  to  bring  research  groups 
together  to  discuss  their  work  on  a  new  large  test  col- 
lection. There  was  a  large  variation  of  retrieval  tech- 
niques reported  on,  including  methods  using  automatic 
thesauri,  sophisticated  term  weighting,  natural  lan- 
guage techniques,  relevance  feedback,  and  advanced 
pattern  matching.  As  results  had  been  run  through  a 
common  evaluation  package,  groups  were  able  to 
compare  the  effectiveness  of  different  techniques,  and 
discuss  how  differences  between  the  systems  affected 
performance. 
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Synthetic-perturbation  tuning  (SPT)  is  a  novel  tech- 
nique for  assaying  and  improving  the  performance  of 
programs  on  the  Multiple  instruction  Multiple  data 
(MIMD)  systems.  Conceptually,  SPT  brings  the  power- 
ful, mathematical  perspective  of  statistically  designed 
experiments  to  the  interdependent,  sometimes  refrac- 
tory aspects  of  MIMD  program  tuning.  Practically,  syn- 
thetic perturbations  provide  a  much  needed  quick- 
change  mechanism  for  what  otherwise  would  be  ad 
hoc,  hand-configured  experiment  setups.  Overall,  the 
technique  identifies  bottlenecks  in  programs  directly  as 
quantitative  effects  upon  a  measured  response.  SPT 
works  on  programs  for  both  shared  and  distributed 
memory,  and  it  scales  well  with  increasing  system  size. 
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Code  scalability,  crucial  on  any  parallel  system,  deter- 
mines how  well  parallel  code  avoids  becoming  a  bottle- 
neck as  its  host  computer  is  made  larger.  Scalability 
of  computer  code  can  be  estimated  by  statistically  de- 
signed experiments  that  empirically  approximate  a 
multivariate  Taylor  expansion  of  the  code's  execution 
response  function.  Each  suspected  code  bottleneck 
corresponds  to  a  first-order  term  in  the  expansion,  the 
coefficient  for  that  term  indicating  how  sensitive  execu- 
tion is  to  changes  in  the  suspect  location.  However, 
it  is  the  coefficients  for  second-order  interactions  be- 
tween code  segments  and  the  number  of  processors 
that  are  fundamental  in  discovering  which  program  ele- 
ments limit  parallel  speedup.  Extending  an  earlier  for- 
mulation, a  new  unified  view  via  these  second-order 
terms  yields  an  informal  scaling  test  of  high  utility  in 
code  development. 
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A  program  library  is  a  collection  of  computer  programs 
for  a  particular  application.  This  article  surveys  pro- 
gram libraries  for  general-purpose  numerical  computa- 
tion and  statistical  analysis. 
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A  suite  of  computer  programs  for  the  evaluation  of 
Bessel  functions  and  modified  Bessel  functions  of  or- 
ders zero  and  one  for  a  vector  of  real  arguments  is 
described.  Distinguishing  characteristics  of  these  pro- 
grams are  that  (a)  they  are  portable  across  a  wide 
range  of  machines,  and  (b)  they  are  vectorized  in  the 
case  when  multiple  function  evaluations  are  to  be  per- 
formed. The  performance  of  the  new  programs  are 
compared  with  software  from  the  FNLIB  collection  of 
Fullerton  on  which  the  new  software  is  based. 
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Software). 

Much  reusable  software  is  available  for  solving  routine 
mathematical  and  statistical  problems.  Unfortunately, 
locating  this  software  is  often  quite  difficult  for  the  aver- 
age user  in  current  distributed  computing  environ- 
ments. The  Guide  to  Available  Mathematical  Software 
(GAMS)  virtual  software  repository  seeks  to  remedy 
this  situation  by  providing  users  with  convenient  ac- 
cess to  some  8000  software  modules  from  more  than 
50  packages  physically  distributed  among  several 
Internet  repositories,  including  netlib.  In  this  paper  we 
illustrate  the  use  of  GAMS  and  outline  its  implementa- 
tion. 
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Conceptual  navigation  can  serve  as  a  powerful  tool  to 
help  users  understand  and  explore  a  given  domain. 
COOL  (COncept  Oriented  Language)  is  a  system,  im- 
plemented with  Prolog  and  GKS,  which  gives  the 
knowledge  engineer  a  high  level  language  in  which  to 
express  the  conceptual  relations  among  objects  within 
a  domain.  The  facilities  for  inspecting  the  Knowledge 
base  (KB)  support  the  metaphore  of  a  complex  graph 
of  related  concepts.  Thus,  a  close  conceptual  relation- 
ship among  objects  is  expressed  as  spatial  proximity. 
Although  not  mandatory,  the  system  is  set  up  to  allow 
the  conceptual  graph  to  be  grounded  in  some  authori- 
tative reference  text  explaining  or  defining  the  domain. 
The  system  also  has  the  ability  to  express  relations 
among  the  concepts  of  the  domain  intensionally,  as 
well  as  extensionally.  The  GKS  standard  is  a  suitable 
domain  for  the  COOL  system. 
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This  report  identifies  a  set  of  quality  characteristics  of 
software  and  provides  a  summary  of  software  metrics 
that  are  useful  in  measuring  these  quality  characteris- 
tics for  software  products.  The  metrics  are  useful  in  as- 
sessing the  reusability  o!  software  products. 
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A  model  for  supporting  distributed  applications,  called 
the  Associated  Object  Model,  is  described.  In  this 


model,  multi-objects  (different  distributed  application 
objects)  can  join  in  an  association,  making  it  possible 
for  application  objects  to  cooperate  in  wider  degree 
than  possible  under  other  models.  A  mechanism  sup- 
porting associations  is  introduced  in  this  paper.  By  the 
mechanism,  many  associations  between  cooperating 
application  objects  can  be  established  and  maintained. 
The  paper  also  includes  some  discussions  about  the 
description  and  implementation  of  the  model  and  the 
mechanism. 


01,695 

PB94-213303       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (MEL), 
Gaithersburg,  MD.  Factory  Automation  Systems  Div. 
Debugger  for  Tel  Applications. 

Final  rept. 

D.  Libes.  1993,  16p. 

Pub.  in  Proceedings  of  Tcl/Tk  Workshop,  Berkeley, 
CA.,  June  10-11,  1993,  p3-18. 

Keywords:  "Debugging(Computers),  Applications 
programs(Computers),  Interpreters,  Software  tools, 
Reprints,  *Tcl(Tool  Command  Language)  program- 
ming language,  "Tool  Command  Language,  "Tel  pro- 
gramming language,  C  programming  language. 

This  paper  describes  an  implementation  of  a  debugger 
for  Tel  applications.  The  debugger  has  a  typical  front- 
end  but  with  some  extremely  unusual  commands,  in 
part  because  of  the  features  and  limitations  of  Tel.  The 
debugger  is  modeless,  allowing  users  to  issue  Tel  and 
application  commands  along  with  debugger  com- 
mands. Each  type  of  command  may  invoke  the  other, 
allowing  debugging  to  be  programmed,  dynamically  or 
in  advance.  The  debugger  is  written  in  C  and  is  very 
fast.  When  linked  in  but  not  used,  it  does  not  slow  ap- 
plications at  all.  The  debugger  requires  no  modifica- 
tions to  the  Tel  core,  and  can  be  plugged  into  applica- 
tions with  little  effort. 
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Expect  is  a  programming  language  for  automating 
interactive  programs.  Recently,  people  have  begun 
using  Expect  to  connect  multiple  interactive  programs 
together,  allowing  for  new  classes  of  applications.  With 
some  basic  building  blocks  and  a  little  scripting,  it  is 
possible  to  build  such  applications  quickly.  This  paper 
discusses  the  general  technique,  while  focusing  on  a 
particular  example:  Kibitz.  Kibitz  connects  multiple  ses- 
sions and  applications  together,  providing  a  means  for 
consulting,  group  editing,  or  other  cooperative  tasks. 
Kibitz  in  turn,  can  be  used  as  a  module  in  building  addi- 
tional programs  of  this  type.  Using  Kibitz,  we  dem- 
onstrate how  to  enable  cron  or  background  processes 
to  call  upon  and  interact  with  users,  e.g.  for  guidance 
or  debugging.  Owing  to  program  reuse,  our  approach 
avoids  many  portability  issues  already  addressed  and 
solved  by  existing  programs.  Kibitz  has  no  special  cod- 
ing for  byte  swapping,  structure  encoding,  or  job  con- 
trol, and  requires  neither  kernel  modifications  nor 
setuid  or  other  permissions  even  though  it  runs  over 
a  network  and  deals  with  multiple  users,  job  control, 
and  sophisticated  programs  such  as  shells  and  full 
screen  editors. 
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UNIX  system  administration  often  involves  programs 
designed  only  for  interactive  use.  'Expect'  is  a  program 
which  can  'talk'  to  interactive  programs.  A  script  is  used 
to  guide  the  dialogue.  Scripts  are  written  in  a  high-level 
language  and  provide  flexibility  for  arbitrarily  complex 
dialogues.  By  writing  an  'Expect'  script,  one  can  run 
interactive  programs  non-interactively.  Shell  scripts  are 
incapable  of  managing  these  system  administration 
tasks,  but  'Expect'  scripts  can  control  them  and  many 
others.  'Expect'  is  similar  in  style  to  the  shell,  and  can 
easily  be  mastered  by  any  system  administrator  who 
can  program  in  the  shell  already.  This  paper  presents 
real  examples  of  using  'Expect'  to  automate  system 
administration  tasks  such  as  passwd  and  fsck.  Also 
discussed  are  a  number  of  other  systems  administra- 
tion tasks  that  can  be  automated. 
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This  Version  of  the  Fortran  Compiler  Validation  System 
(FCVS)  has  been  revised  to  include  all  of  the  Tem- 
porary Program  Files  (TPFs)  that  were  used  with  Ver- 
sion 2.0.  The  tests  are  progressively  complex  exer- 
cises of  statement  combinations  representing  typical 
language  usage.  They  can  be  used  to  evaluate  com- 
piler usability  and  conformance  to  the  1978  FORTRAN 
Standard,  and  can  aid  in  precise  identification  of  com- 
piler flaws.  The  test  case  outputs  are  tailored  to  each 
of  the  tests  involved  in  order  to  aid  in  the  specific  diag- 
nosis of  instances  of  non-conformance  or  of  compiler 
errors.  For  each  test,  the  output  indicates  whether  the 
test  passes;  if  a  test  fails,  the  correct  results  and  the 
compiler  produced  results  are  displayed  on  the  output 
report.  The  test  cases  are  so  designed  that  the  user 
can  quickly  and  easily  locate  the  source  code  which 
caused  the  failure  for  further  analysis.  The  FCVS  archi- 
tecture supports  thorough  quality  testing  of  the  com- 
piler; at  the  same  time,  with  no  loss  of  efficiency  or  in- 
crease in  complexity,  the  system  also  provides  for  the 
auditability  of  the  testing  operation.  The  system  was 
produced  to  be  used  in  support  of  the  procurement  of 
1978  FORTRAN  Standard  compilers,  but  it  is  also  de- 
signed for  the  general  user. 
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The  M  (also  known  as  MUMPS)  Validation  Test  Suite, 
Version  8.3  was  developed  to  assess  conformance  to 
the  FIPS  PUB  125-1.  This  test  suite  contains  3,592 
tests  and  incorporates  features  such  as  (1)  pass/fail 
conditions  for  individual  tests,  (2)  imbedded  instruc- 
tions and  warnings,  and  (3)  fully  automated  tabulation 
of  the  test  results.  This  test  suite  can  be  used  by  Fed- 
eral Agencies,  M  programming  language  developers, 
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physicians,  hospital  administrators,  large  group  medi- 
cal practices,  and  other  industries  which  have  require- 
ments for  M  to  assess  the  technical  correctness  of  one 
or  more  M  programming  language  processors.  This 
test  suite  is  approximately  99%  self  driven. 
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The  Validated  Processor  List  identifies  those  COBOL, 
Fortran,  Ada  and  Pascal  programming  language  proc- 
essors that  have  a  current  validation  certificate  and 
those  SQL  language  processors  that  have  a  registered 
test  report,  referencing  the  applicable  Federal  Informa- 
tion processing  Standard  (FIPS)  as  of  the  date  of  the 
publication.  The  list  also  includes  GOSIP  Conformance 
Testing  Registers.  The  testing  of  language  processors 
to  determine  the  degree  to  which  they  conform  to  the 
Federal  Standards  is  required  by  Government  agen- 
cies in  accordance  with  Federal  Information  Resources 
Management  regulation  (FIRMR)  Parts  201.13  and 
201.39,  and  the  associated  Federal  ADP  and  Tele- 
communications Standards  Index.  The  list  is  updated 
and  published  quarterly. 
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Draft  Messaging  Standard,  X  Windows,  Motif. 

The  purpose  of  software  environment  framework 
standards  and  specifications  is  to  enhance  tool  port- 
ability, interoperability,  and  integration  by  creating  pub- 
lic interfaces  to  functionality  incorporated  into  the 
framework.  If  tools  can  access  framework  services  in 
predictable  ways,  tool  vendors  can  take  advantage  of 
these  services  to  avoid  duplicating  services  and  con- 
centrate on  the  unique  functionality  of  the  tool.  This  de- 
scribes the  functionality  and  integration  support  sup- 
plied by  a  selected  set  of  software  environment  frame- 
work standards  and  specifications  with  respect  to  com- 
mon models. 
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Currently  available  software  for  special  functions  ex- 
hibits gaps  and  defects  in  comparison  to  the  needs  of 
modern  high-performance  scientific  computing  and 
also,  surprisingly,  in  comparison  to  what  could  be  con- 


structed from  current  algorithms.  In  this  paper,  we  ex- 
pose some  of  these  deficiencies  and  identify  the  relat- 
ed need  for  user-oriented  testing  software. 
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Software  quality  assurance  auditors  are  faced  with  a 
myriad  of  difficulties.  One  particular  problem  is  the  lo- 
calization of  safety  critical  code  that  may  be  interleaved 
throughout  the  entire  system.  Moreover,  once  this 
code  is  located,  its  effects  throughout  the  system  are 
difficult  to  ascertain.  We  present  a  method  that  uses 
program  slicing  to  mitigate  these  difficulties  in  two 
ways.  First,  we  show  how  program  slicing  can  be  used 
to  locate  all  code  that  contributes  to  the  value  of  vari- 
ables that  might  be  part  of  a  safety  critical  component. 
Second,  we  show  how  slicing-based  techniques  can 
be  used  to  validate  functional  diversity,  i.e.,  that  there 
are  no  interactions  of  one  critical  component  with  an- 
other critical  component  and  that  there  are  no  inter- 
actions of  non  critical  components  with  the  safety  criti- 
cal components. 
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Database  Language  SQL  is  enjoying  success  as  an 
effective  International  Standard  for  the  definition  and 
management  of  relationally  structured  data.  National 
and  international  SQL  standardization  committees  are 
now  focusing  on  development  of  future  extensions  for 
meeting  the  stated  requirements  of  managing  complex 
objects  in  engineering  and  multimedia  environments. 
These  extensions  include  object  identifiers,  abstract 
data  types,  inheritance  hierarchies,  and  all  of  the  other 
features  normally  associated  with  object  data  manage- 
ment. This  paper  presents  the  object  management  fea- 
tures contained  in  the  draft  specification  for  the  next 
SQL  standard,  discusses  problems  and  alternatives, 
and  addresses  planned  future  standardization  activi- 
ties. 
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The  Domain  Analysis  Case  Study  was  created  to  ex- 
amine the  potential  use  of  domain  analysis  methods 
in  supporting  software  reuse.  To  this  end,  the  Domain 
Analysis  Case  Study  has  investigated  the  use  of  a  par- 
ticular domain  analysis  method,  called  the  Feature  Ori- 
ented Domain  Analysis  (FODA)  method.  This  report 


describes  the  results  of  the  application  of  the  second 
phase  of  the  FODA  method-the  domain  modeling 
phase-to  the  alarm  surveillance  domain.  During  this 
phase,  a  domain  model  of  alarm  surveillance  systems 
was  created.  This  model  captured  commonalities  and 
variabilities  of  the  alarm  surveillance  domain  with  re- 
spect to  the  features  of  systems  in  the  domain,  the 
functions  system  perform,  and  the  underlying  structure 
of  data  used  by  systems.  The  domain  model  is  in- 
tended to  be  reused  to  derive  functional  requirements 
for  new  software  systems  in  this  domain. 
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For  Monte  Carlo  simulations  of  systems  of  size  M  that 
use  the  method  of  Bortz,  Kalos,  and  Liebowitz  (BKL), 
the  best  computer  time  per  event  has  been  0(M  to  the 
1/2  power).  We  present  two  new  methods  whose  com- 
puter time  per  event  is  0(M  to  the  1/K  power)  or  0(log 
M).  In  practice,  for  typical  simulation  sizes,  K  =  4  or 
K  =  5  is  fastest,  requiring  even  less  computer  time  than 
the  O(log  M)  method.  For  typical  simulation  sizes,  we 
are  able  to  achieve  speedup  factors  of  5  to  7. 
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On  February  1,  1994,  the  Director  of  the  Computer 
Systems  Laboratory  of  the  National  Institute  of  Stand- 
ards and  Technology  (NIST)  convened  an  invitational 
workshop  attended  by  eleven  executives  for  whom 
software  is  critical  to  business.  The  purpose  of  the 
workshop  was  to  identify  advanced  software  tech- 
nology requirements  for  U.S.  business  and  to  identify 
opportunities  that  NIST  might  pursue  in  the  area  of  ad- 
vanced software  technology.  This  report  summarizes 
the  deliberations  of  the  workshop. 


01,708 

PB95-151262       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD.  Systems  and  Software  Technology 

Div. 

Analysis  of  Selected  Software  Safety  Standards. 

Final  rept. 

D.  R.  Wallace,  D.  R.  Kuhn,  and  L.  M.  Ippolito.  1992, 
14p. 

Pub.  in  Proceedings  of  COMPASS  '92  Conference, 
Gaithersburg,  MD.,  June  15-18, 1992,  p1-14. 

Keywords:  "Computer  software,  "Software  reliability, 
"Data  processing  security,  "Standards,  Computer  pro- 
gram integrity,  Software  engineering,  Computer  secu- 
rity, Quality  assurance,  Requirements,  Guidelines,  Re- 
prints, Software  safety. 

The  study  examines  standards,  draft  standards,  and 
guidelines  that  provide  requirements  for  the  assurance 
of  high  integrity  software.  The  study  focuses  on  identi- 
fying the  attributes  necessary  in  a  document  for  provid- 
ing reasonable  assurance  for  high  integrity  software, 
and  on  identifying  the  relative  strengths  and  weak- 
nesses of  the  documents.  The  documents  vary  widely 
in  their  requirements  and  the  precision  with  which  the 
requirements  are  expressed.  Overall  there  is  little  rela- 
tionship between  the  degree  of  risk  and  the  rigor  of  ap- 
plicable standards.  Recommendations  are  provided  for 
a  base  standard  for  the  assurance  of  high  integrity  soft- 
ware. 
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Various  reference  models  have  been  proposed  for  the 
classification  of  features  present  in  an  integrated  soft- 
ware engineering  environment.  In  this  paper,  two  such 
models  are  studied  and  a  target  is  mapped  to  the  set 
of  services  present  in  these  models.  The  results  of  this 
mapping  and  comments  on  the  effectiveness  of  the 
models  are  given. 
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The  application  of  formal  methods  to  conformance 
testing  becomes  a  more  and  more  active  research 
area.  This  paper  presents  the  results  and  perspectives 
of  the  application  of  these  languages  for  tests  and  test 
generation  methods. 

01,711 

PB95-1 54670       PC  A06/MF  A02 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD.  Information  Systems  Engineering 

Div. 

Mapping  Integration  Definition  for  Information 
Modeling  (IDEF1X)  Model  into  CASE  Data  Inter- 
change Format  (CDIF)  Transfer  File. 

I.  Simakhodskiy.  Nov  94,  103p,  NISTIR-5530. 

Also  available  from  Supt.  of  Docs.  See  also  FIPS  PUB 

184. 

Keywords:  'Data  transfer(Computers),  'Standards, 
Models,  Software  tools,  *IDEF1X(lntegration  Definition 
for  Information  Modeling),  'Integration  Definition  for  In- 
formation Modeling,  *CDIF(CASE  Data  Interchange 
Format),  'CASE  Data  Interchange  Format,  Meta  data. 

This  document  describes  a  mapping  of  an  Integration 
Definition  for  Information  Modeling  (IDEF1X)  model 
into  a  CASE  Data  Interchange  Format  (CDIF)  transfer 
file.  This  work  will  demonstrate  that  it  is  possible  to  use 
the  CDIF  standard  exchange  for  moving  information 
between  different  IDEF  tools.  It  will  also  show  how 
CDIF  can  provide  a  common  definition  of  model  data 
for  communicating  between  different  CASE  tools. 
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Floating-point  underflow  is  often  regarded  as  either 
harmless  or  as  an  indication  that  the  computational  al- 
gorithm is  in  need  of  scaling.  A  counter  example  to  this 
view  is  given  of  a  function  for  which  contour  plotting 
is  difficult  due  to  floating-point  underflow.  The  function 
arose  as  an  asymptotic  solution  to  a  model  problem 


in  turbulent  combustion  in  which  two  chemical  species 
(fuel  and  oxidizer)  mix  and  react  in  a  vortex  field.  Scal- 
ing is  not  a  viable  option  because  of  extreme  sensitivity 
to  a  small  physical  parameter.  Standard  graphics  soft- 
ware packages  produce  erroneous  contours  without 
any  indication  of  difficulty.  This  example  provides  sup- 
port for  considering  symmetric  level-index  (SLI)  arith- 
metic, a  new  form  of  computer  arithmetic  which  is  im- 
mune to  underflow  and  overflow. 
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Legacy  systems  data  must  be  integrated  into  newly- 
developed  standardized  system  data  in  order  to 
achieve  fully  interchangeable  information.  Standards 
for  data  element  representation  and  legacy  data  link- 
ages are  two  components  of  a  successful  program  for 
fully-realized  data  sharing.  A  data  hierarchy  reference 
model  provides  a  framework  for  integration  of  data 
standards.  Chained,  coupled,  and  multi-purpose  link- 
ages supply  characteristic  associations  to  existing  ele- 
ments. 
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In  this  paper,  we  present  a  parallel  algorithm  for  con- 
structing the  Delaunay  triangulation  of  a  set  of  vertices 
in  three-dimensional  space.  The  algorithm  achieves  a 
high  degree  of  parallelism  by  starting  the  construction 
from  every  vertex  and  expanding  over  all  open  faces 
thereafter.  In  the  expansion  of  open  faces,  the  search 
is  made  faster  by  using  a  bucketing  technique.  The  al- 
gorithm is  designed  under  a  data-parallel  paradigm.  It 
uses  segmented  list  structures  and  virtual  processing 
for  load-balancing.  As  a  result,  the  algorithm  achieves 
a  fast  running  time  and  good  scalability  over  a  wide 
range  of  problem  sizes  and  machine  sizes.  We  also 
incorporate  a  topological  check  to  eliminate  inconsist- 
encies due  to  degeneracies  and  numerical  errors.  The 
algorithm  is  implemented  on  Connection  Machines 
CM-2  and  CM-5,  and  experimental  results  are  pre- 
sented. 
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The  popular  media  contain  many  stories  about  com- 
puter viruses  and  similar  phenomena.  There  are  many 
things  users  and  organizations  can  do  to  protect  them- 
selves from  the  damage  that  viruses  can  do,  but  some 


protective  measures  remain  to  be  fully  developed.  The 
solution  to  the  virus  problem  involves  a  broad  range 
of  issues,  and  requires  us  to  regard  viruses  and  com- 
puter crime  in  a  more  serious  light. 
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The  purpose  of  this  document  is  to  recommend  a 
framework  for  the  development  and  assurance  of  high 
integrity  software.  The  framework  addresses  the  fact 
that  these  processes  must  take  into  account  properties 
and  requirements  of  a  high  integrity  system  and  the 
processes  and  standards  used  in  developing  other 
system  components.  This  framework  provides  guid- 
ance to  developers,  assurers,  and  buyers  of  software, 
researchers  for  high  integrity  software  systems,  and 
vendors  of  Computer  Aided  Software  Engineering 
tools  and  integrated  environments. 

01,717 

PB95-174959       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD.  Systems  and  Software  Technology 

Div. 

SGML  Parser  Validation  Procedures. 

R.  B.  Wilson.  Jan  95,  33p,  NISTIR-5538. 
Sponsored  by  Assistant  Secretary  of  Defense  (Produc- 
tion and  Logistics),  Falls  Church,  VA.  Computer-aided 
Acquisition  and  Logistic  Support  Program. 

Keywords:  'Parsers,  'Computer  program  verification, 
Federal  information  processing  standards,  Tests, 
*SGML(Standard  Generalized  Markup  Language), 
'Standard  Generalized  Markup  Language,  Conform- 
ance testing,  US  NIST. 

This  document  establishes  operating  policy  and  proce- 
dures for  the  Computer  Systems  Laboratory's  (CSL) 
validation  program  for  Federal  Information  Processing 
Standards  (FIPS)  152,  Standard  Generalized  Markup 
Language  (SGML),  parsers.  The  testing  methodology 
is  based  on  ANSI  X3. 190-1 992,  Text  and  Office  Sys- 
tems -  Conformance  Testing  for  Standard  Generalized 
Markup  Language  Systems. 
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This  paper  is  a  summary  report  of  a  recent  invitational 
workshop  on  automated  testing.  One  of  the  goals  of 
the  workshop  was  to  propose  an  agenda  to  support 
and  accelerate  efforts  in  automated  testing.  Attendees 
were  urged  to  identify  'areas  of  synergy'  and  a  com- 
mon focus  that  could  lead  to  increased  participation 
and  funding  for  automated  testing  and  reduce  the  'ex- 
orbitant' cost  of  building  test  suites.  Participants  also 
reviewed  existing  and  emerging  technologies  and  ex- 
plored the  relationship  between  automated  testing  and 
standards  development. 
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Obtaining  and  Installing  a  Public  Domain  TEX. 

Final  rept. 

W.  Itano.  1991,  2p. 

Pub.  in  Optics  and  Photonics  News  2,  n10  p41,  61, 
Oct  91 . 

Keywords:  *Text  processing,  'Computer  software, 
Microcomputers,  Reprints,  'Public  domain,  TEX  com- 
puter program,  Typesetting. 

Instructions  are  given  for  obtaining  a  public-domain 
version  of  the  TEX  computer  program  for  MS-DOS 
computers.  The  installation  and  operation  procedures 
are  outlined. 
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Glossary  of  Software  Reuse  Terms. 

S.  Katz,  C.  Dabrowski,  K.  Miles,  and  M.  Law.  Dec 
94,  37p,  NIST/SP-500/222. 
Also  available  from  Supt.  of  Docs. 

Keywords:  'Software  reuse,  'Dictionaries,  Software 
engineering,  Computer  programming,  Software  tools. 

One  method  proposed  for  increasing  the  efficiency  of 
software  production  in  the  development  of  large,  reli- 
able software  applications  is  the  systematic  reuse  of 
existing  software  products.  Effective  software  reuse 
will  require  new  techniques  to  supplement  traditional 
software  engineering  practices.  Preliminary  research 
has  already  produced  new  methods  and  reports.  As 
a  result,  new  terminology  has  emerged.  This  report 
provides  a  baseline  set  of  recommended  definitions  for 
terms  commonly  used  in  the  software  reuse  commu- 
nity. The  glossary  will  be  expanded  as  further  research 
results  become  available  and  are  evaluated  for  use  in 
software  reuse  programs. 
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Mosaic,  a  free  computer  program  developed  by  the 
National  Center  for  Supercomputing  Applications,  is 
described.  Mosaic  works  with  the  World  Wide  Web, 
and  Internet-based  information  retrieval  system.  Infor- 
mation on  obtaining,  installing,  and  using  the  software 
is  given.  Mosaic  operates  on  computers  running  the 
X  Window,  Microsoft  Windows,  and  Macintosh  operat- 
ing systems. 
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ity, Automation,  Access  control,  Reprints,  Passwords, 
Expect  computer  program,  Background  processes. 

Traditionally,  background  automation  of  interactive 
processes  meant  giving  up  security  and  reliability.  With 
the  advent  of  software  such  as  Expect  for  controlling 
interactive  processes,  it  has  become  possible  to  im- 
prove reliability  and  security  with  relative  ease.  This 
paper  reviews  the  reliability  aspects  but  focuses  pri- 
marily on  the  security  aspects,  presenting  several  non- 
obvious  techniques  for  dealing  with  passwords  and 
other  sensitive  information  in  background  processes. 
These  techniques  require  no  changes  to  existing  pro- 
grams and  no  new  security  systems  are  necessary. 
With  the  appropriate  tools  and  examples,  these  tech- 
niques can  be  applied  with  surprisingly  little  effort  to 
a  wide  variety  of  problems. 
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We  present  performance  analyses  of  a  fast  three-di- 
mensional elliptic  orthogonal  spline  collocation  (OSC) 
method  on  the  Connection  Machine  CM-5,  and  various 
network  clusters  using  the  Parallel  Virtual  Machine 
(PVM)  software  package.  While  the  OSC  method  is  an 
efficient  approach  for  solving  Poisson,  Helmholtz,  and 
other  separable  partial  differential  equation  (PDE) 
problems,  it  poses  serious  challenges  for  parallel  archi- 
tectures because  of  its  high  communication  to  com- 
putation ratio:  0(N  cubed)  data  movement  to  0(N 
cubed  log  N)  computation.  Furthermore,  the  commu- 
nication pattern  is  one  of  the  most  expensive:  person- 
alized all-to-all.  Results  show  that  communication  time 
occupies  roughly  5%  of  total  execution  time  in  native 
message-passing  systems  (such  as  NX  and  CMMD), 
10%  with  PVM  layer  on  MPP's  and  roughly  50%  for 
Ethernet  networks. 
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Comparing  Remote  Procedure  Calls:  Open  Net- 
work Computing,  Distributed  Computing  Environ- 
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Keywords:  'Computer  networks,  'Computer  commu- 
nications, 'Protocols,  Applications 
programs(Computers),  Compilers,  Semantics,  Pro- 
gramming languages.  Computer  program  portability, 
Run  timefComputers),  *RPC(Remote  procedure  calls), 
"Remote  procedure  calls,  ONC(Open  Network  Com- 
puting), DCE(Distributed  Computing  Environment), 
ISOflnternational  Organization  for  Standardization). 

Almost  all  computer  systems  are  connected  to  a  net- 
work supporting  data  communications.  As  a  result, 
many  techniques  have  evolved  to  support  the  develop- 
ment of  applications  which  require  processes  on  dif- 
ferent systems  to  communicate  and  coordinate  their 
activities.  One  such  technique  is  remote  procedure  call 
(RPC).  RPC  is  a  mature  method  with  several  specifica- 
tions and  implementations.  Among  these  are:  Open 
Network  Computing  (ONC)  RPC,  Distributed  Comput- 
ing Environment  (DCE)  RPC,  and  the  RPC  specifica- 
tion from  the  International  Organization  for  Standard- 
ization (ISO).  This  report  describes  the  RPC  concept, 
how  this  concept  is  commonly  implemented,  and  com- 
pares the  features  and  capabilities  of  these  three 
RPCs.  The  RPC  language,  semantics,  and  protocol  of 
ONC  RPC,  DCE  RPC,  and  ISO  RPC  are  compared. 
Since  ONC  RPC  and  DCE  RPC  have  implementations, 
the  output  of  their  RPC  language  compiler  and  the  sup- 
port provided  by  their  runtime  libraries  are  also  com- 
pared. 
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ware Standards  and  Guidelines. 
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gram reliability,  Systems  analysis. 

This  report  presents  the  results  of  a  study  on  hazard 
analysis,  especially  software  hazard  analysis,  in  high 
integrity  software  standards  and  guidelines.  It  de- 
scribes types  of  system  hazard  analysis  (that  influence 
software),  types  of  software  hazard  analysis,  tech- 
niques for  conducting  hazard  analysis  (along  with 
some  of  their  advantages  and  disadvantages),  and 
other  practices  and  processes  that  should  be  em- 
ployed in  order  to  ensure  the  safety  of  software. 
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Object-Oriented  Technology  Research  Areas. 

W.  J.  Salamon,  and  D.  R.  Wallace.  21  Feb  95,  29p, 
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Keywords:  'Object-oriented  programming, 
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tems, Distributed  processing,  Software  engineering, 
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This  paper  discusses  some  of  the  issues  surrounding 
object  technology.  The  topics  which  are  discussed  are 
object-oriented  (OO)  development  methodologies, 
measuring  the  quality  of  00  software,  testing,  the  use 
of  OO  technology  in  high-integrity  systems,  and  distrib- 
uted object  computing.  The  purpose  of  this  report  is 
to  identify  research  topics  in  OO  technology  for  the  Na- 
tional Institute  of  Standards  and  Technology  (NIST) 
Computer  Systems  Laboratory.  A  bibliography  is  in- 
cluded to  assist  the  reader  in  selecting  material  for  fur- 
ther reading. 
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PET  and  DINGO  Tools  for  Deriving  Distributed  Im- 
plementations from  Estelle. 
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Keywords:  'Software  tools,  'Distributed  computer  sys- 
tems, Operating  systems(Computers),  Compilers,  Fi- 
nite state  machines,  Specifications,  Translators,  Com- 
puter networks,  Reprints,  'Estelle  translator,  OSI(Open 
systems  interconnection). 

The  combination  of  the  Portable  Estelle  Translator 
(PET)  and  the  Distributed  ImplementatioN  Generator 
(DINGO)  tools  produces  distributed  implementations 
from  Estelle  specifications.  The  resulting  implementa- 
tions run  as  one  or  more  operating  system  processes 
distributed  over  several  sites  of  a  target  distributed  sys- 
tem. In  addition,  the  tools  generate  elements  of  an  X- 
Window  interface  which  allows  centralized  or  distrib- 
uted monitoring  of  some  or  all  of  the  running  modules. 
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Keywords:  'Meetings,  'Information  retrieval,  'Text 
processing,  Thesauri,  Automation,  Natural  language 
processing,  Pattern  recognition,  Routing,  Probability 
theory,  Documents,  Search  structuring,  Knowledge 
bases(Artificial  intelligence),  Vector  processing,  Se- 
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The  third  Text  REtrieval  Conference  (TREC-3)  was 
held  in  Gaithersburg,  Maryland,  November  2-4,  1994 
and  was  attended  by  1 50  people  involved  in  the  33  par- 
ticipating groups.  The  goal  of  the  Conference  was  to 
bring  research  groups  together  to  discuss  their  work 
on  a  new  large  text  collection.  There  was  a  large  vari- 
ation of  retrieval  techniques  reported  on,  including 
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methods  using  automatic  thesauri,  sophisticated  term 
weighting,  natural  language  techniques,  relevance 
feedback,  and  advanced  pattern  matching.  As  results 
were  run  through  a  common  evaluation  package, 
groups  were  able  to  compare  the  effectiveness  of  dif- 
ferent techniques,  and  discuss  how  differences  be- 
tween the  systems  affected  performance. 

01,729 

PB95-220554       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (NCSL), 

Gaithersburg,  MD.  Systems  and  Network  Architecture 

Div. 

Analysis  of  ANSI  ASC  X12  and  UN/EDIFACT  Elec- 
tronic Data  Interchange  (EDI)  Standards. 

R.  Aronoff,  and  K.  Hsing.  Apr  95,  35p,  NISTIR-5631. 

Keywords:  'Information  systems,  "Message  process- 
ing, "Software  engineering,  "Standards,  Data  process- 
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EDI(Electronic  Data  Interchange),  EDI,  American  Na- 
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EDIFACT(United  Nations  Electronic  Data  Exchange 
for  Information),  UN/EDIFACT. 

The  report  discusses  the  two  Electronic  Data  Inter- 
change (EDI)  standards  that  are  being  developed  by 
the  ANSI  ASC  X12  and  the  UN/EDIFACT  committees, 
respectively.  Discussion  is  focused  on  the  basic  EDI 
data  structures,  syntax  rules,  and  functionality.  In  order 
to  illustrate  the  concepts  and  issues  involved,  a  par- 
ticular application,  health  care  claim  submission,  is  ex- 
amined. An  example  scenario  is  presented  which  dem- 
onstrates how  EDI  can  be  used  to  support  this  tradi- 
tional business  process.  An  analysis  is  then  presented 
which  compares  these  two  standards  in  detail.  This 
analysis  look  at  functionality,  efficiency,  and  existing 
levels  of  standards  development.  To  investigate  issues 
of  relative  efficiency,  a  comparison  is  made  of  record 
lengths  for  the  basic  control/service  elements  for  both 
standards. 
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Persistent  Object  Base  System  Testing  and  Eval- 
uation. 
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Keywords:  "Software  engineering,  "Object  database 
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The  report  summarizes  the  role  of  the  Computer  Sys- 
tems Laboratory  (CSL)  of  the  National  Institute  of 
Standards  and  Technology  (NIST)  in  support  of  the  Ad- 
vanced Research  Projects  Agency  (ARPA)  in  the  test- 
ing and  evaluation  of  persistent  object  base  (POB)  sys- 
tems. The  actual  evaluation  consists  of  designing  a 
testing  suite  for  exercising  the  POB  system  for  the  fea- 
tures supported.  The  goal  of  actual  testing  is  to  reveal 
how  well  each  feature  is  being  supported.  The  testing 
methodology,  the  abstract  test  suite,  and  the  actual 
test  results  on  the  ARPA  funded  prototype  POB  sys- 
tem called  Open  OODB  developed  by  Texas  Instru- 
ments are  described. 
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Introduction  to  the  P1 003.1  g  and  CPI-C  Network 
Application  Programming  Interfaces. 
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Keywords:  "Computer  networks,  "Computer  program- 
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programming  Interfaces). 

Numerous  network  application  programming  interfaces 
(APIs)  have  been  developed  to  assist  programmers  in 
developing  distributed  applications.  Both  IEEE 
P1003.1g  and  Common  Programming  Interface  for 
Communications  (CPI-C)  are  examples  of  network 
APIs.  The  report  provides  an  overview  of  the  P1003.1g 
and  CPI-C  calls  is  given,  along  with  a  simple  program- 
ming example  for  each  API.  The  report  does  not  con- 


tain sufficient  detail  needed  to  develop  distributed  ap- 
plications using  these  network  APIs,  however,  a  list  of 
references  is  provided. 
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Parallel  and  Serial  Implementations  of  SLI  Arith- 
metic. 

D.  W.  Lozier,  and  P.  R.  Turner.  Jun  95,  28p,  NISTIR- 
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The  paper  describes  the  various  algorithms  and  soft- 
ware implementations  of  the  Level-Index  LI  and  Sym- 
metric Level-Index  SLI  arithmetic  schemes.  After  a 
brief  introduction  to  the  number  representations  and 
the  arithmetic  algorithms,  the  authors  describe  the 
original  precompiler  for  including  LI  and  SLI  variables 
and  their  arithmetic  in  a  Fortran  77  program. 
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We  have  studied  the  feasibility  of  building  an  object- 
oriented  software  testability  improvement  tool  that  can 
be  sued  in  conjuction  with  RST  Corporation's  C++ 
Softwre  Testability  Analysis  (TM)  or  as  a  standalone 
assertion  injection  tool.  We  have  also  produced  a  set 
of  recommended  validation  and  design  techniques  that 
will  improve  testability,  and  as  a  side  benefit,  the  test- 
ing of  OO  systems.  If  awarded  a  Phase  II  effort,  RST 
will  provide  NIST  with  a  means  of  improving  the 
testability  of  C++  systems;  to  do  so  within  the  Phase 
II  cost  limit,  RST  will  leverage  knowledge  gained  from 
building  next-generation  software  assessment  tools. 
Here,  RST  will  rely  on  experience  gained  during  the 
building  of  RSTs  C  and  Fortran-77  testability  tools,  as 
well  as  the  experimental  results  from  the  Phase  I  effect 
(which  required  our  building  a  prototype  C++  front-end 
for  PiSCES  Software  Analysis  Toolkit(TM)).  Such  a 
Phase  II  innovation  can  also  be  used  by  NIST  or  other 
US  Government  agencies  to  empirically  research  the 
fault  masking  ability  provided  between  procedural  and 
object-oriented  languages. 
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To  enable  the  U.S.  software  industry  to  build  high  in- 
tegrity software  and  to  provide  U.S.  industries  and  gov- 
ernment confidence  in  the  software  systems  on  which 
they  are  dependent,  the  National  Institute  of  Standards 
and  Technology  (NIST)  created  the  Center  for  High  In- 
tegrity Software  System  Assurance  (CHISSA)  to  es- 
tablish measurements  and  software  methods  for  soft- 
ware assurance  for  use  by  those  who  build  these  sys- 
tems. The  measurements  and  associated  methods  will 
be  embodied  in  a  software  development  and  assur- 
ance framework  that  will  enable  CHISSA  to  guide  re- 
search in  development,  analysis,  and  testing  tech- 
niques, to  promote  research  in  measurement  and  ex- 
perimentation in  the  software  engineering  domain  to  be 


able  to  measure  the  impact  of  new  high-integrity  tech- 
niques, to  accelerate  use  of  effective  technology  into 
industry,  and  to  develop  standards  and  guidelines  in 
cooperation  with  industry,  other  Federal  agencies,  and 
the  research  community. 
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Keywords:  "Format,  Computer  software, 
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A  package  for  formatting  algebraic  expressions  in 
MACSYMA  is  described.  It  provides  facilities  for  user- 
directed  heirarchical  structuring  of  expressions,  as  well 
as  for  directing  simplifications  to  selected 
subexpressions.  It  emphasizes  a  semantic  rather  than 
syntactic  description  of  the  desired  form.  The  package 
also  provides  utilities  for  obtaining  efficiently  the  coeffi- 
cients of  polynomials,  trigonometric  sums  and  power 
series. 
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Unravel:  A  CASE  Tool  to  Assist  Evaluation  of  High 
Integrity  Software.  Volume  1.  Requirements  and 
Design. 

J.  R.  Lyle,  D.  R.  Wallace,  J.  R.  Graham,  D.  W. 
Binkley,  K.  B.  Gallagher,  and  J.  P.  Poole.  Aug  95, 
94p,  NISTIR-5691-V1. 
See  also  Volume  2,  PB95-267894. 

Keywords:  "Software  engineering,  "Computer  program 
reliability,  "Software  tools,  Computer  program  verifica- 
tion, Computer  software  maintenance, 
Debugging(Computers),  Safety,  Algorithms,  Require- 
ments, "Program  slicing,  CASE(Computer  Aided  Soft- 
ware Engineering),  ANSI  C  programming  language. 

This  report  describes  a  Computer  Aided  Software  En- 
gineering (CASE)  tool,  unravel,  that  can  assist  evalua- 
tion of  high  integrity  software  by  using  program  slices 
to  extract  computations  for  examinations.  The  tool  can 
currently  be  used  to  evaluate  software  written  ANSI  C 
and  is  designed  such  that  other  languages  can  be 
added.  Program  slicing  is  a  static  analysis  technique 
that  extracts  all  statements  relevant  to  the  computation 
of  a  given  variable.  Program  slicing  is  useful  in  pro- 
gram debugging,  software  maintenance  and  program 
understanding.  Application  of  program  slicing  is  eval- 
uation high  integrity  software  reduces  the  effort  in  ex- 
amining software  by  allowing  a  software  reviewer  to 
focus  attention  on  one  computation  at  a  time.  Once  a 
software  reviewer  has  identified  a  variable  for  further 
investigation,  the  reviewer  directs  unravel  to  compute 
a  program  slice  on  the  variable.  Instead  of  examining 
the  entire  program,  only  the  statements  in  the  slice 
need  to  be  examined  by  the  reviewer.  By  speeding  up 
the  process  of  locating  relevant  code  for  examination 
by  the  reviewer,  a  larger  sample  of  the  software  can 
be  inspected  with  greater  confidence  that  some  rel- 
evant section  of  source  code  has  not  been  missed. 
Volume  1  of  this  report  describes  the  requirements,  de- 
sign and  evaluation  of  unravel. 
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This  is  the  second  volume  of  a  two  volume  report  on 
unravel,  a  Computer  Aided  Software  Engineering 
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(CASE)  tool  for  software  written  in  ANSI  C,  that  assist 
evaluation  of  high  integrity  software  by  using  program 
slices  to  extract  computations  for  examination.  In  this 
volume,  we  provide  a  user  manual  for  unravel.  This 
manual  is  intended  to  provide  the  user  with  enough  in- 
formation to  use  unravel  without  any  other  reference. 
To  this  end,  a  brief  simplified  description  of  program 
slicing  is  provided  in  additon  to  a  tutorial  example  and 
a  detailed  description  of  unravel  operation.  This  user 
manual  also  discusses  limitations  of  unravel  and  how 
to  deal  with  code  containing  extensions  to  ANSI  C  that 
would  inhibit  the  correct  operation  of  unravel. 
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Supersedes  PB94-937300. 

Paper  copy  available  on  Standing  Order,  deposit  ac- 
count required  (U.S.,  Canada,  and  Mexico  $100;  all 
others  $200).  Single  copies  also  available  in  paper 
copy  only. 

Keywords:  *Cobol  programming  language,  'Fortran 
programming  language,  Language  programming, 
'Federal  Information  Processing  Standards, 
"Validation  summary  reports,  "Pascal  programming 
language,  "Ada  programming  language,  SQL  program- 
ming language. 

The  Validated  Processor  List  identifies  those  COBOL, 
Fortran,  Ada  and  Pascal  programming  language  proc- 
essors that  have  a  current  validation  certificate  and 
those  SQL  language  processors  that  have  a  registered 
test  report,  referencing  the  applicable  Federal  Informa- 
tion processing  Standard  (FIPS)  as  of  the  date  of  the 
publication.  The  list  also  includes  GOSIP  Conformance 
Testing  Registers.  The  testing  of  language  processors 
to  determine  the  degree  to  which  they  conform  to  the 
Federal  Standards  is  required  by  Government  agen- 
cies in  accordance  with  Federal  Information  Resources 
Management  regulation  (FIRMR)  Parts  201.13  and 
201.39,  and  the  associated  Federal  ADP  and  Tele- 
communications Standards  Index.  The  list  is  updated 
and  published  quarterly. 
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D.  Libes.  1995,  3p. 
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Keywords:  "Interactive  systems,  "Computer  commu- 
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programs(Computers),  UNIX(Operating  system),  Sys- 
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UNIX  programs  used  to  be  designed  so  that  they  could 
be  connected  with  pipes  created  by  a  shell.  This  para- 
digm is  insufficient  when  dealing  with  many  modern 
interactive  problems.  Expect  is  a  program  designed  to 
control  interactive  programs.  Expect  reads  a  script  that 
resembles  the  dialogue  itself  but  which  may  include 
multiple  paths  through  it.  The  scripting  language  used 
by  Expect  is  usually  Tel  but  may  be  other  languages. 
In  addition,  Expect  may  be  compiled  into  C,  C++,  or 
other  complied  languages. 
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Keywords:  "Parallel  processing,  MIMD(Computers), 
Response  time(Computers),  Computer  performance 
evaluation,  Computer  systems  performance,  Distrib- 
uted computer  systems,  Statistical  analysis,  Reprints, 
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screening. 


Synthetic-perturbation  screening  (SPS,  hereafter,  foi 
brevity)  is  a  diagnostic  technique  employing  artifical 
code-in  discussion  to  follow,  delays-placed  within  seg- 
ments of  an  MIMD  program.  These  insertions  simulate 
code  changes  in  suspected  program  bottlenecks. 
Screening  techniques  based  upon  statistical  experi- 
mental design  then  flag  those  program  segments  that 
are  most  sensitive  to  perturbation  (delay).  A  subset  of 
program  segments  so  flagged  can  be  candidates  for 
improvement.  The  results  are  sensitivity  analyses  of 
specimen  programs  in  terms  of  their  questionable  sec- 
tions of  code. 
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Mapping  Integration  Definition  for  Function  Model- 
ing (IDEFO)  Model  into  CASE  Data  Interchange 
Format  (CDIF)  Transfer  File. 

I.  V.  Simakhodskiy.  Sep  95,  128p,  NISTIR-5719. 
See  also  PB95-1 54670. 

Keywords:  "Data  transfer(Computers),  "Standards, 
"Models,  Software  tools,  *IDEFO(lntegration  Definition 
for  Function  Modeling),  "Integration  Definition  for  Func- 
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The  Integration  Definition  for  Function  Modeling 
(IDEFO)  is  a  standard  modeling  technique  used  in  the 
logical  definition  of  an  organization's  data  resources. 
One  serious  limitation  to  the  standard  is  the  lack  of  a 
formal  standard  mechanism  for  transferring  informa- 
tion between  different  IDEF  tools  and  between  IDEF 
tools  and  other  tools  supporting  different  modeling 
techniques.  This  leaves  the  users  of  IDEF  tools  at  a 
great  disadvantage.  A  user  is  restricted  to  using  a  par- 
ticular tool  provided  by  a  particular  vendor  thus  seri- 
ously hindering  the  reusability  of  the  information  rep- 
resented in  a  model.  One  solution  is  the  use  of  a  stand- 
ard method  to  exchange  data  between  tools.  The 
CASE  Data  Interchange  Format  (CDIF)  Family  of 
Standards  is  primarily  designed  to  be  used  as  a  de- 
scription of  a  mechanism  for  transferring  information 
between  CASE  tools.  This  document  will  describe  a 
conceptual  mapping  of  an  IDEFO  model  into  the  CDIF 
transfer  tile.  The  document  will  cover  both  syntax  and 
semantics  of  the  model.  This  work  will  demonstrate 
that  it  is  possible  to  use  the  standard  exchange  for 
moving  information  between  different  tools. 
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Error-Bounding  in  Level-Index  Computer  Arith- 
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D.  W.  Lozier,  and  P.  R.  Turner.  Oct  95,  10p,  NISTIR- 
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Presented  at  the  International  IMACS-GAMM  Sympo- 
sium on  Numerical  Methods  and  Error-Bounds, 
Oldenburg,  Germany,  July  9-12,  1995.  Prepared  in  co- 
operation with  Naval  Academy,  Annapolis,  MD.  Dept. 
of  Mathematics. 

Keywords:  "Computer  programs,  "Computation, 
"Accuracy,  Algorithms,  Computer  systems  perform- 
ance, Level  Index,  SLI(Symmetric  Level  Index). 

This  )Daper  proposes  the  use  of  level-index  (LI)  and 
symmetric  level-index  (SLI)  computer  arithmetric  for 
practical  computation  with  error  bounds.  Comparisons 
are  made  with  floating-point  and  several  advantages 
are  identified. 
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engineering,  Software  reliability,  Program 
verification(Computers),  Computer  architecture,  Qual- 
ity control,  Reprints,  *SQA(Software  Quality  Assur- 
ance), "Software  Quality  Assurance,  Software  stand- 
ards, Process  improvement. 

Total  Quality  Management  (TQM)  programs,  which 
focus  on  continuous  process  improvement,  are  becom- 
ing increasingly  popular  in  corporations  today  and 
may,  in  fact,  be  superceding  quality  assurance  activi- 
ties. Quality  assurance  has  been  used  by  corporations 
to  ensure  the  quality  of  released  products.  What  we 
are  finding  now  is  the  thrust  of  management  attention 
is  on  process  improvement  rather  than  on  quality  as- 
surance. This  paper  examines  some  major  standards 
and  programs  in  SQA  and  TQM.  Because  few  compa- 
nies are  using  SQA  standards,  the  difficulties  in  imple- 
menting SQA  standards  are  addressed.  Results  from 
an  on-going  research  project  studying  SQA  standards 
and  the  interrelationships  between  TQM  and  SQA  are 
presented. 


07,744 

PB96-112214       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD.  Systems  and  Software  Technology 

Div. 

High  Integrity  Software  Standards  Activities  at 
NIST. 

Final  rept. 

D.  R.  Kuhn,  D.  R.  Wallace,  and  J.  C.  Cherniavsky. 
1991,  15p. 

Pub.  in  Annual  Pacific  Northwest  Software  Quality 
Conference  (9th),  Portland,  OR.,  October  7-8, 1991,  v9 
P47-61 . 
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This  paper  provides  information  about  the  National  In- 
stitute of  Standards  and  Technology  (NIST)  effort  to 
produce  a  comprehensive  set  of  standards  and  guide- 
lines for  the  assurance  of  high  integrity  software.  In 
particular,  the  paper  presents  the  results  of  a  Work- 
shop on  the  Assurance  of  High  Integrity  Software  held 
at  NIST  on  January  22-23,  1991  and  activities  at  NIST 
in  support  of  assuring  high  integrity  software. 
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T.  H.  Hopp,  and  M.  S.  Levenson.  1995,  12p. 
Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v100  n5  p563-574  Sep/ 
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Keywords:  "Algorithms,  "Computer  software, 
"Calibration  standards,  Reprints,  Metrology,  Geom- 
etry, Performance  tests,  Orthogonal  functions,  Quality 
control. 

The  Algorithm  Testing  and  Evaluation  Program  for  Co- 
ordinate Measurement  Systems  (ATEP-CMS)  is  a 
Special  Test  Service  offered  under  the  NIST  Calibra- 
tion Program.  ATEP-CMS  evaluates  the  performance 
of  geometric  fitting  software  used  in  coordinate  meas- 
urement systems.  It  is  a  Special  Test  because  it  is  a 
new  type  of  NIST  service,  experimental  in  nature  and 
unsupported  by  historical  data.  This  report  documents 
and  explains  the  rationale  of  the  performance  meas- 
ures used  in  ATEP-CMS  and  analyzes  the  uncertain- 
ties of  those  measures. 
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Networks  and  distributed  systems  are  becoming  criti- 
cal for  the  working  of  many  enterprises.  Traditionally, 
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tools  necessary  to  perform  effective  system  manage- 
ment were  inherent  to  proprietary  operating  systems 
and  dealt  with  user  and  resource  allocation  and  admin- 
istration. With  the  introduction  of  local  area  networks 
(LANs),  distributed  computing  environments  started  to 
develop.  System  management  tools  were  enhanced 
with  network  management  facilities,  but  rarely  in  an  in- 
tegrated fashion.  Management  services,  providing 
mechanisms  to  monitor  and  control  a  great  diversity 
of  components  and  user  interactions  with  these  com- 
ponents, and  an  integrated  approach  to  assure  con- 
sistency are  just  now  being  addressed  by  standard  de- 
velopment organizations  and  user  consortia.  The  re- 
port gives  an  overview  of  some  existing  approaches 
proposed  by  differnet  organizations:  IEEE  POSIX 
Working  Group  P1 003.0,  X/Open,  ISO/IEC,  and  the 
Network  Management  Forum  (NMF). 
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A  major  problem  in  unit  testing  of  programs  is  to  deter- 
mine which  test  cases  to  use.  One  technique  that  is 
in  widespread  use  is  to  take  the  control  flowgraph  from 
each  of  the  program  functions  and  calculate  a  basis 
set  of  test  paths.  A  basis  set  is  a  set  of  paths  through 
the  functions  that  are  linearly  independent  and  the 
paths  in  the  basis  set  can  be  used  to  construct  any 
path  through  the  program  flowgraph.  Path  construction 
is  defined  as  adding  or  subtracting  the  number  of  times 
each  edge  is  traversed.  While  this  is  not  a  total  solution 
for  test  case  generation,  it  does  provide  a  good  starting 
set  of  test  cases.  This  paper  gives  an  algorithm  for  tak- 
ing a  function's  flowgraph  and  determining  a  basis  set 
of  paths.  Proofs  that  the  algorithm  generates  a  set  of 
paths  that  fulfill  the  above  requirements  are  provided. 
A  prototype  tool,  STest,  is  also  discussed.  Some  gen- 
eral ideas  for  further  improvement  are  also  provided. 
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The  paper  looks  at  issues  which  arose  in  porting  the 
pvmmake  utility  from  PVM  to  MPI.  Pvmmake  applica- 
tion which  allows  a  user  to  send  files,  execute  com- 
mands, and  receive  results  from  a  single  machine  on 
any  machine  in  the  virtual  machine.  Its  actions  are  con- 
trolled by  the  contents  of  a  configuraton  file.  A  utility 
with  the  same  features,  mpimake,  was  coded  up  to  run 
under  LAM.  The  implementation  under  MPI  requires 
the  transfer  of  dynamic  data  structures  such  as  lists 
and  trees.  This  paper  discusses  the  match  between 
the  requirements  of  this  algorithm  and  the  datatype 
feature  on  MPI. 
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Code  scalability,  crucial  on  any  parallel  system,  deter- 
mines how  well  parallel  code  avoids  becoming  a  bottle- 
neck as  its  host  computer  is  made  larger.  Each  sus- 
pected code  bottleneck  corresponds  to  a  first-order 
term  in  the  expansion,  the  coefficient  for  that  term  indi- 
cating how  sensitive  execution  is  to  changes  in  the 
suspect  location.  However,  it  is  the  expansion  coeffi- 
cients for  second-order  interactions  between  code  seg- 
ments and  the  number  of  processors  that  are  fun- 
damental to  discovering  which  program  elements  im- 
pede parallel  speedup.  A  new,  unified  view  of  these 
second-order  coefficients  yields  an  informal  relative 
scalability  test  of  high  utility  in  code  development.  Dis- 
cussion proceeds  through  actual  examples,  including 
a  straightforward  illustration  of  the  test  applied  to  SLA- 
LOM, a  complex,  multiphase  benchmark. 
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The  safety  of  software  is  influenced  by  the  choice  of 
implementation  language  and  the  choice  of  program- 
ming idioms.  The  C++  language  is  gaining  popularity 
as  the  implementation  of  choice  for  large  software 
projects  because  of  its  promise  to  reduce  the  complex- 
ity and  cost  of  their  construction.  But  is  C++  an  appro- 
priate choice  for  such  systems.  An  assessment  of  how 
well  C++  fits  into  recent  software  guidelines  for  safety 
critical  systems  is  presented  along  with  a  collection  of 
techniques  and  idioms  for  constructing  safer  C++ 
code. 
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NIST  has  been  tasked  by  the  CALS  Project  Office  to 
organize  an  SGML  Conformance  Testing  Service.  The 
first  step  in  producing  a  conformance  testing  service 
was  to  produce  a  thorough  test  suite.  The  goal  of  this 
project  was  to  evaluate  existing  test  suites  for  use  as 
the  basis  within  an  SGML  conformance  testing  service. 
This  document  describes  the  methodology  used  in 
analyzing  Exoterica  Corporation's  SGML  Test  Suite 
and  the  different  types  of  tests  run  with  the  various 
SGML  products  at  NIST's  disposal. 
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Our  objective  was  to  examine  the  effort  needed  and 
issues  by  attempting  to  reengineer  the  system  for  use 
on  a  more  open  environment  and  convert  the  network 
database  to  a  relational  database. 
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The  report  is  designed  to  provide  recommendations  on 
a  variety  of  specifications  that  will  generally  fit  the  re- 
quirements of  U.S.  government  information  systems. 
As  the  U.S.  Government's  Open  System  Environment 
(OSE)  profile,  the  guidance  is  provided  to  assist  Fed- 
eral agencies  in  making  informed  choices  regarding 
the  selection  and  use  of  OSE  specifications,  and  in  the 
development  of  more  selective  application  profiles 
based  on  the  APP.  It  is  directed  toward  managers  ind 
project  leaders  who  have  the  responsibilities  of  acquir- 
ing, developing,  and  maintaining  information  systems 
supported  by  heterogeneous  application  platform  envi- 
ronments. 


01,754 

PB96-1 60791       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD.  Systems  and  Software  Technology 

Div. 

SQA  and  TQM  in  Software  Quality  Improvement. 

Final  rept. 

C.  E.  Wardle,  and  D.  Wallace.  1993,  2p. 

Pub.  in  Software  Engineering  Research  Forum  (SERF 

'93),  Orlando,  FL.,  November  1993,  2p. 

Keywords:  'Total  quality  management,  Software  engi- 
neering, Software  reliability,  Computer  program  integ- 
rity, Program  verification(Computers), 
Debugging(Computers),  Quality  control,  Computer 
program  reliability,  Research  and  development,  Re- 
prints, *SQA(Software  Quality  Assurance),  "Software 
quality  assurance,  Software  development,  Process  im- 
provement. 

Software  Quality  Assurance  (SQA)  has  traditionally 
been  used  to  ensure  the  quality  of  released  software 
products.  The  authors  suggest  that  a  combination  of 
techniques  drawn  from  both  SQA  and  TQM  will  be 
more  effective  in  producing  the  desired  level  of  soft- 
ware quality,  than  will  either  SQA  or  TQM  separately. 
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The  notion  of  a  program  slice,  originally  introduced  by 
Mark  Weiser,  is  useful  in  program  debugging,  auto- 
matic parallelization,  program  integration,  and  software 
maintenance.  A  slice  of  a  program  is  taken  with  respect 
to  a  point  p  and  a  variable  x;  the  slice  consists  of  all 
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statements  of  the  program  that  might  affect  the  value 
of  x  at  point  p.  This  paper  presents  an  algorithm  for 
interprocedural  slicing  in  the  presence  of  parameter 
aliases:  two  formal  parameters  that  refer  to  the  same 
memory  location.  The  algorithm  is  parameterized  by  a 
set  of  parameter  aliasing  information. 
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Computer-aided  Acquisition  and  Logistic  Support 
(CALS)  is  a  major  initiative  by  the  U.S.  Department  of 
Defense  to  enable  the  use  of  shared  digital  technical 
information  in  support  of  weapon  systems.  CALS  is  re- 
ducing the  use  of  paper-based  technical  information, 
improving  the  information  systems  supporting  weapon 
systems,  and  improving  work  processes.  CALS  is 
based  on  broad  support  nationally  and  internationally, 
particularly  from  the  CALS/Concurrent  Engineering  In- 
dustry Steering  Group  and  the  Natioanl  Institute  of 
Standards  and  Technology  within  the  U.S.  Department 
of  Commerce.  CALS  is  based  on  Open  Systems  and 
has  actively  supported  the  development  or  standards, 
Application  Protocols/Profiles,  and  conformance  tests 
and  test  services. 
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As  the  circuit  design  drew  near,  the  pace  became  more 
frantic  by  the  hour,  elevating  the  project  leader's  anxi- 
ety level  and  his  blood  pressure.  And  for  good  reason 
-  all  the  users  of  DEC  workstations,  where  the  com- 
puter-aided design  software  resided,  were  out  at  a 
seminar.  To  be  sure,  IBM,  Sun,  and  other  workstations 
were  available  that  would  have  allowed  other  engi- 
neers to  complete  the  job  on  time.  Only  a  DEC  version 
was  obtainable  in  house;  in  no  way  could  it  be  ported 
to  the  IBM  or  Sun  on  time  to  beat  the  deadline  -  even 
though  the  project  leader  had  received  assurances 
from  the  software  vendor  that  such  versions  'were 
forthcoming.' 


01,758 

PB96-1 60932       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD.  Systems  and  Software  Technology 

Div. 

Open  Systems  Software  Standards  in  Concurrent 
Engineering. 

Final  rept. 

D.  R.  Kuhn,  W.  J.  Majurski,  W.  McCoy,  and  F. 
Schulz.  1994,  30p. 

Pub.  in  Concurrent  Engineering  Techniques  and  Appli- 
'       cations,  Control  and  Dynamics  Systems,  v62  p59-88 
Feb  94. 

i 

I  Keywords:  "Operating  systems(Computers), 
I  ,  "Computer  program  portability,  "Concurrent  engineer- 


ing, Software  development,  Software  tools,  Platforms, 
Interoperability,  Interfaces,  Application 

programs(Computers),  Standards,  Reprints, 
POSIX(Portable  Operating  Systems  Interface  for  Com- 
puter Environments),  OST(Open  Systems  Inter- 
connection). 

The  movement  toward  concurrent  engineering  comes 
at  a  time  when  the  computer  industry  is  undergoing  a 
fundamental  change  in  the  way  computers  and  soft- 
ware are  developed  and  used.  Products  based  on 
'open  systems'  standards  -  particularly  the  ISO  Open 
System  Interconnection  (OSI),  and  IEEE  POSIX  -  are 
beginning  to  replace  reliance  on  proprietary  computing 
platforms.  Engineers  who  develop  products  that  incor- 
porate embedded  computer  and  software  are  thus 
faced  with  the  challenge  of  understanding  two  techno- 
logical developments  that  will  change  the  way  they  do 
their  jobs:  concurrent  engineering  and  open  systems. 
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This  paper  defines  the  notion  of  predicate  differences 
in  predicate  calculus.  The  paper  shows  how  predicate 
differences  may  be  used  to  analyze  the  effect  of 
changes  to  formal  specifications;  to  investigate  the 
conditions  under  which  invalid  assumptions  will  render 
a  system  non-secure;  and  in  some  cases  may  help  to 
simplify  re-verification  of  a  modified  formal  specifica- 
tion. 
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This  paper  defines  the  notion  of  predicate  differences 
and  shows  how  predicate  differences  may  be  used  to 
analyze  the  effects  of  changes  in  formal  specifications. 
Predicate  differences  have  both  theoretical  and  prac- 
tical applications.  As  a  theoretical  tool,  predicate  dif- 
ferences may  be  used  to  define  a  meaning  for  the  'size' 
of  a  change  to  a  formal  specification.  Practical  applica- 
tions include  analyzing  the  effect  of  design  changes  on 
a  previously  verified  design;  defining  an  affinity  func- 
tion for  reusable  software  components;  computing 
slices  of  formal  specifications,  similar  to  program 
slices;  investigating  the  conditions  under  which  invalid 
assumptions  will  render  a  system  non-secure;  and  for- 
malizing the  database  inference  problem. 
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Program  slicing  is  a  family  of  program  decomposition 
techniques  based  on  extracting  statements  relevant  to 
a  computation  in  a  program.  This  is  advantageous  be- 
cause the  slice  can  collect  an  algorithm  for  a  given  cal- 
culation that  may  be  scattered  throughout  a  program 
excluding  irrelevant  statements.  It  should  be  easier  for 
a  programmer  interested  in  a  subset  of  the  program's 
behavior  to  understand  the  corresponding  slice  than  to 
deal  with  the  entire  program.  The  utility  and  power  of 
program  slicing  comes  from  the  potential  automation 
of  tedious  and  error-prone  tasks.  Program  slicing  has 
applications  in  program  debugging,  program  testing, 
program  integration,  parallel  program  execution,  and 
software  maintenance.  Several  variations  on  this 
theme  have  been  developed,  including  program  dicing, 
dynamic  slicing,  and  decomposition  slicing. 
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Worldwide  interest  in  advancing  open  computing  sys- 
tems was  highlighted  at  the  Sixth  International  Con- 
ference on  the  application  of  Standards  for  Open  Sys- 
tems. The  conference  featured  papers  and  discussion 
on  key  issues  affecting  the  implementation  of  open 
systems  including  policy  development,  international 
collaboration,  trade  issue,  implementation,  conform- 
ance, and  security. 
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This  paper  provides  information  about  the  National  In- 
stitute of  Standards  and  Technology  (NIST)  effort  to 
produce  a  comprehensive  set  of  standards  and  guide- 
lines for  the  assurance  of  high  integrity  software.  In 
particular,  the  paper  presents  the  results  of  a  Work- 
shop on  the  Assurance  of  High  Integrity  Software  held 
at  NIST  on  January  22-23, 1991. 
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High  integrity  software  is  software  that  must  be  trusted 
to  work  dependably  in  some  critical  function,  and 
whose  failure  to  do  so  may  have  catastrophic  results, 
such  as  serious  injury,  loss  of  life  or  property,  business 
failure  or  breach  of  security.  Examples  include  soft- 
ware used  in  safety  systems  of  nuclear  power  plants, 
medical  devices,  electronic  baking,  air  traffic  control, 
automated  manufacturing,  and  military  systems. 
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This  chapter  describes  how  the  software  verification 
and  validation  (V&V)  methodology  and  software  pro- 
vide a  strong  framework  for  developing  quality  soft- 
ware. First,  the  chapter  describes  software  V&V,  its  ob- 
jectives, recommended  tasks,  and  guidance  for  select- 
ing V&V  techniques  to  perform  V&V.  An  analysis  of  two 
studies  of  V&V's  cost-effectiveness  concludes  that 
cost  benefits  of  V&V  early  error  detection  outweigh  the 
cost  of  performing  V&V.  The  chapter  describes  several 
software  engineering  standards  for  V&V,  project  man- 
agement, and  quality  assurance.  The  chapter  de- 
scribes each  V&V  standard  according  to  its  V&V  re- 
quirements and  techniques.  The  chapter  provides  in- 
sights on  how  to  use  management,  quality,  and  V&V 
techniques  to  structure  a  quality  software  develop- 
ment. 
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Many  Federal  agencies  are  currently  examining  their 
inventories  of  software  systems  to  identify  those  which 
are  suitable  for  reuse.  Reuse  of  software  may  range 
from  conversion  of  code  from  one  language  to  another, 
adaption  of  the  system  for  another  platform,  or  the  use 
of  an  existing  system  in  a  new  system  with  additional 
requirements.  To  accomplish  these  and  other  forms  of 
reuse,  the  agencies  are  finding  that  reengineeringing 
is  often  necessary. 
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S-Check  is  a  tool  for  detecting  performance  bottle- 
necks in  programs  on  computer  systems  with  multiple 


processors.  S-Check  automates  the  techniques  of 
Synthetic  Perturbation  Screnning.  Synthetic  Perturba- 
tion Screening  systematically  perturbs  selected  pro- 
gram code  segments  and  determines  performance 
sensitivities  of  these  selected  segments  by  using  the 
statistical  techniques  of  Design  of  Experiments.  The 
resulting  sensitivity  analysis  serves  as  a  basis  for  per- 
formance evaluations.  This  document  serves  as  a 
user's  guide  for  S-Check. 
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A  new  technique  for  performing  static  analysis  of  pro- 
grams that  contain  unconstrained  pointers  is  pre- 
sented. The  technique  is  based  on  the  pointer  state 
subgraph:  a  reduced  control  flow  graph  that  takes  ad- 
vantage of  the  fact  that  in  any  program  there  exists  a 
smaller  program  that  computes  only  the  values  of 
pointer  variables.  The  pointer  state  subgraph  is  useful 
in  building  static  analysis  tools.  As  an  example  the  ap- 
plication of  the  pointer  state  subgraph  to  program  slic- 
ing is  considered.  Finally,  some  experimental  results, 
obtained  using  the  ANSI-C  slicer  Unravel,  are  re- 
ported. These  results  show  a  clear  reduction  in  the 
time  taken  to  compute  data-flow  information  from  pro- 
grams that  contain  pointers.  They  also  show  a  sub- 
stantial reduction  in  the  space  needed  to  store  this  in- 
formation. 
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Suppose  that  you  need  to  maintain  a  large  list  of  data 
that  is  to  be  searched  and  modified  frequently  in  the 
course  of  a  computation.  Although  there  are  several 


elegant  ways  to  do  this,  the  authors  present  one,  a  sim- 
ple tree  that  doesn't  require  a  lot  of  thinking  to  imple- 
ment. It  can  speed  up  execution  tremendously  be- 
cause instead  of  searching  through  a  list  item  after  item 
for  each  update,  possibly  examining  'n'  items  per  oper- 
ation. 
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Application  of  metadata  standards  in  the  development 
of  data  elements  assures  a  consistent,  sharable  set  of 
data  described  and  named  in  a  predictable  way.  Na- 
tional and  international  efforts  are  underway  to 
produce  this  metadata  standardization.  Classification 
of  the  components  of  data  elements  into  a  taxonomic 
structure  facilitates  the  selection  of  appropriate  compo- 
nents for  particular  elements.  In  this  way,  sets  of  com- 
plete and  discrete  data  elements  can  be  developed  in 
to  coherent  descriptions  of  subject  areas.  A  set  of 
standardized  attributes,  some  with  sample  values,  pre- 
scribe the  base  set  of  information  to  be  recorded  about 
each  data  element.  Finally,  procedures  for  registration 
of  standard  data  elements  provide  a  facility  for  sharing 
the  benefits  of  standardization  among  organizations. 
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This  report  describes  the  design  and  development  of 
interoperability  experiments  using  the  common  Object 
Request  Broker  Architecture  (CORBA)  products.  The 
experiments  will  focus  on  establishing  practical  experi- 
ences for  how  to  do  'plug  and  play'  using  CORBA  prod- 
ucts with  Persistent  Object  Base  (POB)  systems  such 
as  Texas  instruments'  Open  OODB  and  commercially 
available  object  database  systems  (ODBMS)  such  as 
MATISSE.  The  experiments  will  also  investigate  meth- 
odologies for  integration  of  new  or  legacy  distributed 
applications  through  the  CORBA  middleware  infra- 
structure. 
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Computing  systems  may  be  employed  in  the  health 
care  environment  in  efforts  to  increase  reliability  of 
care  and  reduce  costs.  Software  verification  and  vali- 
dation (V&V)  is  an  aid  in  determining  that  the  software 
requirements  are  implemented  correctly  and  com- 
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pletely  and  are  traceable  to  system  requirements.  It 
helps  to  ensure  that  those  system  functions  controlled 
by  software  are  secure,  reliable,  and  maintainable. 
Software  V&V  is  conducted  throughout  the  planning, 
development  and  maintenance  of  software  systems, 
including  knowledge-based  systems,  and  may  assist 
in  assuring  appropriate  reuse  of  software. 
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This  paper  describes  design  and  programming  tech- 
niques employed  in  the  development  of  a  language  en- 
vironment for  the  EXPRESS  information  modeling  lan- 
guage. A  fundamental  concern  in  the  development  of 
language  environments  for  object  flavored  languages 
is  the  degree  to  which  the  object  model  of  the  imple- 
mentation language  matches  that  of  the  language 
being  modeled.  This  paper  describes  how  object 
model  mismatch  was  eliminated  and  a  responsive,  in- 
cremental EXPRESS  language  environment  is  being 
developed  using  the  Common  Lisp  Object  System 
(CLOS)  metaobject  protocol  (MOP)  and  dynamic  ob- 
ject techniques. 
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SparseLib++  is  a  C++  class  library  for  efficient  sparse 
matrix  computations  across  various  computational 
platforms.  The  software  package  consists  of  matrix  ob- 
jects representing  several  sparse  storage  format  cur- 
rently in  use  (in  the  release:  compressed  row,  com- 
pressed column  and  coordinate  formats),  providing 
basic  functionality  for  managing  sparse  matrices,  to- 
gether with  efficient  kernel  mathematical  operations 
(e.g.  sparse  matrix-vector  multiply).  The  Sparse  BLAS 
Toolkit(l)  is  used  to  enhance  portability  and  perform- 
ance across  a  wide  range  of  computer  architectures. 
Included  in  the  package  are  various  preconditioners 
commonly  used  in  iterative  solvers  for  linear  systems 
of  equations.  The  focus  here  is  on  computational  sup- 
port for  iterative  methods  (see  IML++(5)),  but  the 
sparse  matrix  objects  presented  here  can  be  used  in 
their  own  right. 
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The  Iterative  Methods  Library,  IML++,  is  a  collection 
of  algorithms  implemented  in  C++  for  solving  both  sym- 
metric and  nonsymmetric  linear  systems  of  equations 
by  using  iterative  techniques.  The  goal  of  the  package 


is  to  provide  working  code  which  separates  the  numeri- 
cal algorithm  from  the  details  of  the  matrix/vector  im- 
plementation. The  separation  allows  the  same  algo- 
rithm to  be  used  without  modification,  regardless  of  the 
specific  data  representation. 
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MV++  is  a  small,  efficient  set  of  concrete  vector  and 
matrix  classes  specifically  designed  for  high  perform- 
ance numerical  computing.  The  MV++  package  in- 
cludes interfaces  to  the  computational  kernels  found 
in  the  Basic  Linear  Algebra  Subprograms  (BLAS),  such 
as  scalar  updates,  vector  sums,  and  dot  products.  The 
idea  behind  MV++  is  to  leverage  vendor-supplied  or 
optimized  BLAS  routines  that  are  fine-tuned  for  particu- 
lar plantforms.  The  various  MV++  classes  form  the 
building  blocks  of  larger  user-level  libraries  such  as 
SparseLib++(2)  and  LAPACK++(1).  The  MV++  library 
was  built  to  supply  simple,  concrete,  numerical  vector 
and  column  oriented  dense  matrix  classes. 
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Currently  available  software  for  special  functions  ex- 
hibits gaps  and  defects  in  comparison  to  the  needs  of 
modern  high-performance  scientific  computing  and 
also,  surprisingly,  in  comparison  to  what  could  be  con- 
structed from  current  algorithms.  In  the  paper  we  ex- 
pose some  of  these  deficiencies  and  identify  the  relat- 
ed need  for  user-oriented  testing  software. 
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The  article  reports  results  from  one  experiment  to  com- 
pare the  effectiveness  of  functional  testing  given  three 
different  sets  of  software  specifications.  Three  groups 
of  experienced  programmers  independently  developed 
functional  test  cases  for  the  same  automated  cruise 
control  software.  One  group  worked  solely  from  a  natu- 
ral language  description,  one  was  given  a  graphical 
real-time  structured  analysis  (RTSA)  specification  to 
augment  the  natural  langauge  description,  and  a  third 
was  given,  in  addition  to  the  English  language  descrip- 
tion and  the  RTSA  specification,  an  executable  speci- 
fication. Two  measures  of  performance  were  evalu- 
ated: the  degree  of  statement  coverage  achieved  by 
the  test  cases  created  by  each  group,  and  the  amount 
of  time  taken  to  create  the  test  cases.  No  significant 
difference  in  performance  was  found  among  any  of  the 
groups  for  either  of  the  measures. 
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The  paper  describes  a  knowledge-based  approach  to 
automate  CODARTS,  a  software  design  method  for 
concurrent  and  real-time  systems.  The  approach  uses 
multiple  paradigms  to  represent  knowledge  embedded 
within  CODARTS.  Semantic  data  modeling  provides 
the  means  to  model  specifications  and  related  designs. 
Production  rules  form  the  basis  for  modeling  a  set  of 
heuristics  that  can  generate  concurrent  designs  based 
upon  semantic  concepts  from  the  specification  and  de- 
sign meta-models.  Together,  the  semantic  data  mod- 
els and  production  rules,  encoded  using  an  expert-sys- 
tem shell,  compose  CODA,  an  automated  designer's 
assistant. 
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The  ability  to  quantitatively  assess  a  given  project  has 
meant  one  of  two  different  approaches:  (1)  a  study  of 
the  complexity  of  the  software  being  produced,  (2)  or 
a  study  of  the  process  being  used  to  develop  that  soft- 
ware. In  the  apper,  the  authors  try  to  indicate  that  nei- 
ther approach  is  sufficient.  They  are  developing  a 
model  that  evolved  from  an  earlier  study  on  software 
engineering  technology  transfer.  In  it,  the  authors  look 
at  the  evolving  nature  of  the  software  development  to 
develop  a  process  model  that  keeps  up  with  these 
changes.  The  paper  presents  an  initial  overview  of  the 
process  model. 
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The  authors  review  methods  for  representing  geo- 
metric axes  in  three  dimensions  and  discuss  why  these 
methods  have  undesirable  properties  for  geometric  fit- 
ting applications.  The  authors  then  describe  a  new  rep- 
resentation that  seems  better  suited  for  use  in  prob- 
lems of  fitting  geometric  elements  to  data  points.  This 
representation  was  developed  in  the  course  of  the  au- 
thors' work  on  testing  of  data  analysis  software  in  co- 
ordinate measurement  systems.  The  new  representa- 
tion has  allowed  us  to  lower  significantly  the  estimated 
uncertainty  of  the  authors'  test  results.  Details  and 
properties  of  the  representation  are  discussed. 


01,783 

PB97-113906       PC  A04/MF  A01 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 

Experimental  Models  for  Software  Diagnosis. 

M.  V.  Zelkowitz,  and  D.  R.  Wallace.  Aug  96,  39p, 
NISTIR-5889. 

Prepared  in  cooperation  with  Maryland  Univ.,  College 
Park.  Dept.  of  Computer  Science. 
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Computer  Software 


Keywords:  "Software  engineering,  "Information  sys- 
tems, "Computer  program  validation,  Computer  sys- 
tems design,  Distributed  data  processing,  Data  collec- 
tion, Experimental  data,  Models. 

Experimentation  and  data  collection  are  becoming  ac- 
cepted practices  within  the  software  engineering  com- 
munity to  determine  the  effectiveness  of  various  soft- 
ware development  practices.  However,  there  is  wide 
disagreement  as  to  exactly  what  the  term  'experimen- 
tation' means  in  this  domain.  It  is  important  that  we  be 
able  to  understand  this  concept  and  identify  how  we 
can  best  collect  data  needed  to  validate  software  meth- 
ods that  seem  to  be  effective.  This  understanding  will 
provide  a  basis  for  improved  technical  exchange  of  in- 
formation between  scientists  and  engineers  within  the 
software  community. 

07,784 

PB97-114169       PC  A07/MF  A02 
National  Inst,  of  Standards  and  Technology  (CSL), 
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ance Testing  Div. 

Structured  Testing:  A  Testing  Methodology  Using 
the  Cyclomatic  Complexity  Metric. 

Special  pub. 

D.  R.  Wallace,  A.  H.  Watson,  and  T.  J.  McCabe.  Aug 
96,  124p,  NIST/SP-500/235. 

Portions  of  this  document  are  not  fully  legible.  Also 
available  from  Supt.  of  Docs,  as  SN003-003-03426-6. 

Keywords:  "Computer  programs,  "Test  methods,  Inte- 
gration, Object  oriented  programs,  Life  cycles,  Quality 
assurance,  Measurement,  Software  engineering, 
Cyclomatic  complexity. 

The  purpose  of  this  document  is  to  describe  the  struc- 
tured testing  methodology  for  software  testing,  also 
known  as  basis  path  testing.  Based  on  the  cyclomatic 
measure  of  McCabe,  structured  testing  uses  the  con- 
trol flow  structure  of  software  to  establish  path  cov- 
erage criteria.  The  resultant  test  sets  provide  more 
through  testing  than  statement  and  branch  coverage. 
Extensions  of  the  fundamental  structured  testing  tech- 
niques for  integration  testing  and  object-oriented  sys- 
tems are  also  presented.  Several  related  software 
complexity  metrics  are  described.  Summaries  of  tech- 
nical papers,  case  studies,  and  empirical  results  are 
presented  in  the  appendices. 

01,785 

PB97-1 19044       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CAML), 
Gaithersburg,  MD.  Applied  and  Computational  Mathe- 
matics Div. 

Making  Connections. 

Final  rept. 

I.  Beichl,  and  F.  Sullivan.  1996,  4p. 
Pub.  in  Institute  of  Electrical  and  Electronics  Engineers 
Computational  Science  and  Engineering,  v3  n3  p9-12 
Fall  96. 

Keywords:  "Data  structures,  "Connection  machine, 
"Parallel  processing,  Algorithms, 

Sequences(Mathematics),  Computations,  Computa- 
tional geometry,  Reprints,  Depth  first  search. 

The  paper  is  part  of  a  series  of  expository  articles  on 
scientific  computing  with  non-numeric  methods.  The 
depth  first  search  method  of  graph  traversal  is  used 
to  find  connectivity  information. 


01,786 

PB97-121636       PC  A99/MF  E08 
National  Inst,  of  Standards  and  Technology  (CSL), 
Gaithersburg,  MD.  Information  Access  and  User  Inter- 
face Div. 

Text  REtrieval  Conference  (4th)  (TREC-4).  Held  in 
Gaithersburg,  Maryland  on  November  1-3, 1995. 

Special  pub. 

D.  K.  Harman.  Oct  96,  776p,  NIST/SP-500-236. 
Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03430-4. 

Keywords:  "Meetings,  "Information  retrieval,  "Text 
processing,  Thesauri,  Automation,  Natural  language 
processing,  Pattern  recognition,  Routing,  Probability 
theory,  Documents,  Search  structuring,  Knowledge 
bases(Artificial  intellegience),  Vector  processing,  Se- 
mantics, Evaluation. 

This  report  constitutes  the  proceedings  of  the  fourth 
Text  REtrival  Conference  (TREC-4)  held  in 
Gaithersburg,  Maryland,  November  1-3,  1995.  The 
conference  was  co-sponsored  by  the  National  Institute 
of  Standards  and  Technology  (NIST)  and  the  Defense 


Advanced  Research  Agency  (DARPA),  and  was  at- 
tached by  140  people  involved  in  the  36  participating 
groups.  The  goal  of  the  conference  was  to  bring  re- 
search groups  together  to  discuss  their  work  on  a  large 
test  collection.  There  was  a  wide  variation  of  retrieval 
techniques  reported  on,  including  methods  using  auto- 
matic thesaurii,  sophisticated  term  weighting,  natural 
language  techniques,  relevance  feedback,  and  ad- 
vanced pattern  matching.  As  results  had  been  run 
through  a  common  evaluation  package,  groups  were 
able  to  compare  the  effectiveness  of  different  tech- 
niques, and  discuss  how  differences  between  the  sys- 
tems affected  performance.  In  addition  to  the  main 
evaluation,  5  more  focussed  evaluations,  called 
'tracks'  were  run.  The  conference  included  paper  ses- 
sions and  discussion  groups.  This  proceeding  includes 
papers  from  most  of  the  participants  (several  poster 
groups  did  not  submit  papers),  tables  of  the  system  re- 
sults, and  brief  system  descriptions  including  timing 
and  storage  information. 

01,787 

PB97-1 22303       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD.  Information  Systems  Architecture 

Div. 

CSL  View  of  Applications  Portability,  Scalability, 
and  Interoperability. 

Final  rept. 

G.  E.  Fisher.  1996,  1p. 

Pub.  in  ACM  StandardView,  v4  n2  p1  Jun  96. 

Keywords:  "Computer  program  portability, 
"Interoperability,  "Software  engineering,  Distributed 
processing,  Computer  program  transferability,  Applica- 
tions programs(Computers),  Integrated  systems,  Com- 
puter networks,  Standardization,  Specifications, 
Standards,  Recommendations,  Reprints,  Application 
Portability  Profile,  Scalability,  US  NIS,  Computer  Sys- 
tems Laboratory. 

The  document  presents  an  overview  summary  of  the 
Computer  Systems  Laboratory  position  on  portability, 
scalability,  and  interoperability  in  the  computer  soft- 
ware arena. 
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PB95-107108       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (NEL), 

Gaithersburg,  MD.  Robot  Systems  Div. 

Three  Dimensional  Position  Determination  from 

Motion. 

Final  rept. 

M.  Nashman,  and  K.  Chaconas.  1991,  10p. 
Pub.  in  Proceedings  of  Society  of  Photo-Optical  Instru- 
mentation Engineers  -  Sensor  Fusion  III:  3-D  Percep- 
tion and  Recognition,  Boston,  MA.,  November  5-8, 
I990,v1383p166-175  1991. 

Keywords:  "Manipulators,  "Control  systems,  "Position 
finding,  "Motion,  Algorithms,  Image  processing,  Three 
dimensional  motion,  Real  time,  Sensory  feedback,  Tra- 
jectory planning.  Reprints. 

The  analysis  of  sequences  of  images  over  time  pro- 
vides a  means  of  extracting  meaningful  information 
which  is  used  to  compute  and  track  the  three-dimen- 
sional position  of  a  moving  object.  This  paper  de- 
scribes an  application  in  which  sensory  feedback 
based  on  time-varying  camera  images  is  used  to  pro- 
vide position  information  to  a  manipulator  control  sys- 
tem. The  system  operates  in  a  real-time  environment 
and  provides  updated  information  at  a  rate  which  per- 
mits intelligent  trajectory  planning  by  the  control  sys- 
tem. 


01.789 

PB95-143137       PC  A03/MF  A01 
National  Inst,  of  Standards  and  Technology  (MEL), 
Gaithersburg,  MD.  Robot  Systems  Div. 
Reference  Model  Architecture  for  Intelligent  Sys- 
tems Design. 

J.  S.  Albus.  Sep  94,  48p,  NISTIR-5502. 

Keywords:  "Control  systems  design,  "Real  time  sys- 
tems, "Artificial  intelligence,  Autonomy,  Self  adaptive 
control  systems.  Hierarchies,  Task  planning(Robotics), 
Canonical  forms,  Data  bases,  Robots,  Manufacturing, 
Workstations,  Models,  RCS(Real-time  Control  Sys- 
tem). 


A  reference  model  architecture  based  on  the  Real-time 
Control  System  (RCS)  is  proposed  for  real-time  intel- 
ligent control  systems.  RCS  partitions  the  control  prob- 
lem into  four  basic  elements:  behavior  generation  (or 
task  decomposition),  world  modeling,  sensory  proc- 
essing, and  value  judgment.  It  clusters  these  elements 
into  computational  nodes  that  have  responsibility  for 
specific  subsystems,  and  arranges  these  nodes  in  hier- 
archical layers  such  that  each  layer  has  characteristic 
functionality  and  timing.  The  RCS  reference  model  ar- 
chitecture has  a  systematic  regularity,  and  recursive 
structure  that  suggests  a  canonical  form.  Control  sys- 
tems based  on  the  RCS  have  been  built  for  a  number 
of  applications.  Examples  of  a  control  system  architec- 
ture and  a  world  model  database  for  an  intelligent  robot 
in  a  manufacturing  work-station  are  described.  Each 
level  of  the  control  architecture  performs  real-time 
planning  and  sensory  interactive  execution.  Each  level 
of  the  world  model  knowledge  database  contains  state 
variables,  system  parameters,  entity  frames,  and 
maps. 
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National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD.  Factory  Automation  Systems  Div. 

Expert  Control  System  Shell  Version  1.0  User's 

Guide. 

S.  A.  Osella.  Feb  95,  44p,  NISTIR-5601. 

Keywords:  "Control  systems  design,  "Expert  systems, 
"Software  tools,  Prototypes,  Systems  engineering, 
Real  time  systems,  Controllers,  Graphical  user  inter- 
face, Control  equipment,  Software  engineering,  User 
manuals(Computer  programs). 

The  Expert  Control  System  Shell  (ECSS)  is  a  software 
tool  for  rapidly  prototyping  and  deploying  control  sys- 
tems of  arbitrary  complexity.  With  the  ECSS,  a  control 
system  designer  creates  a  controller  which  consists  of 
a  graphical  user  interface  (called  the  operator  front 
panel)  and,  optionally,  a  collection  of  expert  system 
rule-based  programs.  A  controller  can  be  operated  in 
manual  mode  where  an  operator  interacts  directly  with 
the  system  to  be  controlled  without  using  the  expert 
system,  in  automatic  mode  where  the  expert  system 
is  used  to  perform  most,  if  not  all,  system  interactions, 
or  in  a  combination  of  the  two  modes.  The  User's 
Guide  is  discussed  in  the  following  order:  (1)  a  tutorial 
on  how  to  create  a  controller,  (2)  creating  controllers, 

(3)  creating  and  importing  device  interface  functions, 

(4)  creating  rule-based  programs,  (5)  importing  expert 
system  functions,  and  (6)  operating  controllers. 
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DE94015308       PC  A03/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

NIST  Cooperative  Laboratory  for  OSI  Routing 
Technology. 

D.  Montgomery.  23  May  94,  40p,  DOE/ER/251 14-1. 
Contract  AI05-92ER251 14,  Grant  NCR-9120054 
Sponsored  by  Department  of  Energy,  Washington,  DC. 

Keywords:  "Computer  Networks,  "Equipment  Inter- 
faces, "Standards,  Data  Transmission,  Information 
Dissemination,  On-Line  Systems,  Performance  Test- 
ing, EDB/990300. 

This  document  is  one  of  two  reports  on  the  Integrated 
ISIS  protocol.  Required  by  the  IAB/IESG  in  order  for 
an  Internet  routing  protocol  to  advance  to  Draft  Stand- 
ard Status.  Integrated  ISIS  is  an  Interior  Gateway  Pro- 
tocol and  is  designed  to  carry  both  IP  and  ISO  CLNP 
routing  information.  Integrated  ISIS  is  currently  des- 
ignated as  a  Proposed  Standard.  The  protocol  was  first 
published  in  RFC  1195.  Internet  Draft  was  published 
subsequently  to  RFC  1 195  and  documents  the  current 
version  of  the  protocol.  This  report  documents  experi- 
ence with  Integrated  ISIS.  This  includes  reports  on 
interoperability  testing,  field  experience  and  the  current 
state  of  Integrated  ISIS  implementations.  It  also  pre- 
sents a  summary  of  the  Integrated  ISIS  Management 
Information  Base  (MIB),  and  a  summary  of  the  Inte- 
grated ISIS  authentication  mechanism. 
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Graphical  Kernel  System  (GKS).  Category:  Soft- 
ware Standard.  Subcategory:  Graphics.  Inter- 
national Standard:  Information  Technology;  Com- 
puter Graphics;  Graphical  Kernel  System  (GKS) 
Language  Bindings.  Part  4:  C. 
8  Jan  91,  113p. 

Also  available  from  Supt.  of  Docs.  Also  pub.  as  Amer- 
ican National  Standards  Inst.,  New  York  rept.  no.  ISO/ 
IEC-8651-4.1991E.  Supersedes  FIPS  PUB  120.  Pre- 
pared in  cooperation  with  American  National  Stand- 
ards Inst.,  New  York. 

Keywords:  'Federal  information  processing  standards, 
"Computer  graphics,  'Computer  software,  Applications 
programs(Computers),  Computer  program  portability, 
GKS(Graphical  Kernel  System),  ANSI(American  Na- 
tional Standard  Institute),  ISO(lnternational  Organiza- 
tion for  Standardization),  C  programming  language. 

This  revision  supersedes  Federal  Information  Process- 
ing Standard  (FIPS)  PUB  120  and  modifies  the  stand- 
ard by  adding  a  requirement  for  validation  of  GKS  im- 
plementations that  are  acquired  by  Federal  agencies. 
FIPS  120-1  adopts  American  National  Standard 
Graphical  Kernel  System  (ANS  GKS),  ANSI  X3.124- 
1985,  Functional  Description,  which  consists  of  four 
parts  (X3.1 24.1 -1985  FORTRAN  Binding,  X3.124.2- 
1988  Pascal  Binding,  X3.1 24.3-1 989  Ada  Binding),  as 
a  FIPS. ANS  GKS  specifies  a  library  (or  toolbox  pack- 
age) of  subroutines  for  an  application  programmer  to 
incorporate  within  a  program  in  order  to  produce  and 
manipulate  two-dimensional  pictures.  The  purpose  of 
the  standard  is  to  promote  portability  of  graphics  appli- 
cation programs  between  different  installations.  The 
standard  is  for  use  by  implementors  as  the  reference 
authority  in  developing  graphics  software  systems;  and 
by  other  computer  professionals  who  need  to  know  the 
precise  syntactic  and  semantic  rules  of  the  standard. 

07,793 

FIPS  PUB  158-1        PC  E01 

National  Inst,  of  Standards  and  Technology  (NCSL), 
Gaithersburg,  MD. 

User  Interface  Component  of  the  Applications 
Portability  Profile  Category:  Software  Standard; 
Subcategory:  Application  Program  Interface. 

Federal  information  processing  standards. 
c8  Oct  93,  5p. 

Supersedes  FIPS  PUB  158.  Also  available  from  Supt. 
of  Docs. 

Three  ring  binder  also  available.  North  American  Con- 
tinent price  $7.00;  all  other  write  for  quote. 

Keywords:  'Standards,  'Windowing,  Interfaces,  Com- 
puter graphics,  "Federal  information  processing  stand- 
ards, 'Man  computer  interface,  'Application 
programs(Computers),  'Software  engineering,  Port- 
able Operating  System  Interface  (POSIX),  Computer 
program  portability,  Application  program  interface, 
Open  systems  interconnections. 

This  publication  announces  the  adoption  of  the  X  Pro- 
tocol, Xlib  Interface,  Xt  Intrinsics  and  Bitmap  Distribu- 
tion Format  specifications  of  the  X  Window  System, 
Version  11,  Release  5  (X  Window  System  is  a  trade- 
mark of  the  Massachusetts  Institute  of  Technology 
(MIT)  as  a  Federal  Information  Processing  Standard). 
This  FIPS  is  identical  to  FIPS  PUB  158,  except  that 
the  specification  is  updated  from  Release  3  to  Release 
5  of  the  X  Window  System,  Version  11.  The  standard 
is  for  use  by  computing  professionals  involved  in  sys- 
tem and  application  software  development  and  imple- 
mentation. The  standard  is  part  of  a  series  of  specifica- 
tions needed  for  application  portability.  The  standard 
covers  the  Data  Stream  Encoding,  Data  Stream  Inter- 
face, and  Subroutine  Foundation  layers  of  the  ref- 
erence model.  It  is  the  intention  of  NIST  to  provide 
standards  for  other  layers  of  the  reference  model  as 
consensus  develops  within  industry.  This  standard  ad- 
dresses the  user  interface  functional  area  of  the  Appli- 
cations Portability  Profile  (NIST  SP  500-87). 
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FIPS  PUB  173-1        PC  A04/MF  A01 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 

Spatial  Data  Transfer  Standard  (SDTS):  Category: 
Software  Standard;  Subcategory:  Information 
Interchange. 

10  Jun  94,  51p. 
Supersedes  FIPS  PUB  173. 

Keywords:  'Data  transfer(Computers),  'Federal  infor- 
mation processing  standards,  Digital  data,  Mapping, 
Data  structures,  Geographic  information  systems.  To- 
pology, Specifications,  Requirements,  Data  diction- 
aries, TVP(Topological  Vector  Profile). 


This  standard  provides  specifications  (developed 
through  the  U.S.  Department  of  the  Interior  (DOI),  Unit- 
ed States  Geological  Survey  (USGS),  National  Map- 
ping Division)  for  the  organization  and  structure  of  digi- 
tal spatial  data  transfer,  definition  of  spatial  features 
and  attributes,  and  data  transfer  encoding.  The  pur- 
pose of  the  standard  is  to  promote  and  facilitate  the 
transfer  of  digital  spatial  data  between  dissimilar  com- 
puter systems.  This  revision  adds  Part  4,  Topological 
Vector  Profile  (TVP),  to  the  specifications  adopted  by 
the  Spatial  Data  Transfer  Standard  (SDTS)  and  makes 
minor  changes  and  clarifications  to  the  Parts  1  and  3 
of  the  SDTS. 


07,795 

FIPS  PUB  173-1A  PCS44.50 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 

Spatial  Data  Transfer  Standard  (SDTS).  Category: 
Software  Standard;  Subcategory:  Information 
Interchange.  (FIPS  PUB  173-1  A). 

10  Jun  94,  348p. 
Supersedes  FIPS  PUB  173. 

Three  ring  vinyl  binder  also  available;  North  American 
Continent  price  $7.00;  all  other  write  for  quote. 

Keywords:  'Data  transfer(Computers),  'Federal  infor- 
mation processing  standards,  'Position(Location), 
Mapping,  Data  structures,  Format,  Data  integrity,  Geo- 
graphic information  systems,  Topology,  Rasters. 

This  standard  provid=s  specifications  (developed 
through  the  Department  of  the  Interior)  for  the  organi- 
zation and  structure  of  digital  spatial  data  transfer,  defi- 
nition of  spatial  features  and  attributes,  and  data  trans- 
fer encoding.  The  purpose  of  the  standard  is  to  pro- 
mote and  facilitate  the  transfer  of  digital  spatial  data 
between  dissimilar  computer  systems. 


01,796 

FIPS  PUB  173-1 B       PC  E99 

National  Inst,  of  Standards  and  Technology  (CSL), 
Gaithersburg,  MD. 

Spatial  Data  Transfer  Standard  (SDTS).  Category: 
Software  Standard;  Subcategory:  Information 
Interchange.  (FIPS  PUB  173-1 B). 

10  Jun  94,  54p. 
Supersedes  FIPS  PUB  173. 

Three  ring  vinyl  binder  also  available;  North  American 
Continent  price  $7.00;  all  other  write  for  quote. 

Keywords:  'Data  transfer(Computers),  'Federal  infor- 
mation processing  standards,  'Position(Location), 
Mapping,  Data  structures,  Format,  Data  integrity,  Geo- 
graphic information  systems,  Topology,  Rasters. 

This  standard  provides  specifications  (developed 
through  the  Department  of  the  Interior)  for  the  organi- 
zation and  structure  of  digital  spatial  data  transfer,  defi- 
nition of  spatial  features  and  attributes,  and  data  trans- 
fer encoding.  The  purpose  of  the  standard  is  to  pro- 
mote and  facilitate  the  transfer  of  digital  spatial  data 
between  dissimilar  computer  systems. 
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National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 

Portable  Operating  System  Interface  (POSIX).  Part 
2.  Shell  and  Utilities.  Category:  Software  Standard; 
Subcategory:  Operating  Systems. 

11  Oct  94,  12p. 

Also  available  from  Supt.  of  Docs. 

Three  ring  vinyl  binder  also  available;  North  American 

Continent  price  $7.00;  all  others  write  for  quote. 

Keywords:  'Federal  information  processing  standards, 
'Operating  systems(Computers),  Data  processing,  Ap- 
plication programs(Computers),  Computer  program 
portability.  Utility  routines.  Computer  software,  Soft- 
ware engineering,  Specifications,  Open  systems. 

This  publication  announces  the  adoption  of  Inter- 
national Standard  ISO/IEC  9945-2:1993,  Information 
Technology-Portable  Operating  System  Interface 
(POSIX)-Part  2:  Shell  and  Utilities  as  a  Federal  Infor- 
mation Processing  Standard  (FIPS).  ISO/IEC  9945- 
2:1 993  defines  a  command  language  interpreter  (shell) 
and  a  set  of  utility  programs.  This  standard  is  for  use 
by  computing  professionals  involved  in  system  and  ap- 
plication software  development  and  implementation 
and  is  part  of  a  series  of  specifications  needed  for  ap- 
plication portability.  This  standard  addresses  the  Appli- 
cations Portability  Profile  functional  area  that  deals 
with  methods  by  which  a  person  interacts  with  the  op- 
erating system. 
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This  Guideline  describes  the  primary  alternative  meth- 
ods for  verifying  the  identities  of  computer  system 
users,  and  provides  recommendations  to  Federal 
agencies  and  departments  for  the  acquisition  and  use 
of  technology  which  supports  these  methods.  Although 
the  traditional  approach  to  authentication  relies  pri- 
marily on  passwords,  it  is  clear  that  password-only  au- 
thentication often  fails  to  provide  an  adequate  level  of 
protection.  Stronger  authentication  techniques  become 
increasingly  more  important  as  information  processing 
evolves  toward  an  open  systems  environment.  Modern 
technology  has  produced  authentication  tokens  and  bi- 
ometric  devices  which  are  reliable,  practical,  and  cost- 
effective.  Passwords,  tokens,  and  biometrics  can  be 
used  in  various  combinations  to  provide  far  greater  as- 
surance in  the  authentication  process  than  can  be  at- 
tained with  password  alone. 
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Keywords:  'Local  area  networks,  'Computer  security, 
'Federal  information  processing  standards,  Risk  as- 
sessment, Vulnerability,  Distributed  computer  sys- 
tems, Data  processing  security.  Protocols,  Message 
processing,  Access  control,  Authentication,  Data  integ- 
rity, Personal  computers,  Training. 

Local  area  networks  (LANs)  that  are  used  to  store, 
process  or  transmit  sensitive  information  must  provide 
appropriate  protection  to  prevent  undesirable  events 
such  as  compromise  of  information  or  denial  of  service. 
This  document  can  be  used  as  a  tool  to  help  improve 
the  security  of  a  local  area  network.  A  LAN  security 
architecture  is  described  that  discusses  threats  and 
vulnerabilities  that  should  be  examined,  as  well  as  se- 
curity services  and  mechanisms  that  should  be  ex- 
plored. A  five  step  process  is  defined  that  helps  the 
reader  to  determine  LAN  assets,  environment-specific 
threats  and  vulnerabilities,  the  risk  of  those  threats  to 
the  LAN,  and  possible  security  services  and  mecha- 
nisms that  can  be  used  to  help  reduce  the  risk  to  the 
LAN.  A  discussion  concerning  LAN  security  policy, 
contingency  planning,  and  training  issues  is  also  in- 
cluded. 
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This  standard  describes  an  application  profile  for  the 
Government  Information  Locator  Service  (GILS).  This 
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application  profile  is  based  primarily  on  the  American 
National  Standard  for  Information  Retrieval  Application 
Service  Definition  and  Protocol  Specification  for  Open 
Systems  Interconnection  (ANSI/NISO  239.50-1992), 
developed  by  the  National  Information  Standards  Or- 
ganization (NISO).  The  Government  Information  Loca- 
tor Service  (GILS)  is  a  decentralized  collection  of  serv- 
ers and  associated  information  services  that  will  be 
used  by  the  public  either  directly  or  through 
intermediaries  to  find  public  information  throughout  the 
Federal  government. 
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AN  SQL  environment  is  an  integrated  data  processing 
environment  in  which  heterogeneous  products,  all  sup- 
porting some  aspect  of  the  FIPS  SQL  standard  (FIPS 
PUB  127),  are  able  to  communicate  with  one  another 
and  provide  shared  access  to  data  and  data  operations 
and  methods  under  appropriate  security,  integrity,  and 
access  control  mechanisms.  This  Federal  Information 
Processing  Standards  Publication  (FIPS  PUB)  is  the 
beginning  of  a  continuing  effort  to  define  appropriate 
conformance  profiles  that  can  be  used  by  both  vendors 
and  users  to  specify  exact  requirements  for  how  var- 
ious products  fit  into  an  SQL  environment.  The  empha- 
sis in  this  first  publication  is  to  specify  general  purpose, 
SQL  external  repository  interface  (SQL/ERI)  server 
profiles  for  non-SQL  data  repositories.  Two  major  SQL/ 
ERI  Server  Profiles  are  specified:  read-only  and  read- 
write.  To  make  it  easier  to  specify  integration  among 
heterogeneous,  non-SQL  data  models,  this  specifica- 
tion defines  a  new  minimal  level  of  the  SQL  language 
that  can  be  supported  by  various  non-SQL  implemen- 
tations. 
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This  standard,  by  adoption  of  ANSIATIA/EIA-607-1994, 
Commercial  Building  Grounding  and  Bonding  Require- 
ments for  Telecommunications,  specifies  the  require- 
ments for  a  uniform  telecommunications  grounding 
and  bonding  infrastructure  for  Federal  buildings  where 
telecommunications  equipment  is  installed.  The  stand- 
ard provides  the  requirements  for  a  ground  reference 
for  telecommunications  systems  within  the  tele- 
communications entrance  facility,  the  telecommuni- 
cations closet,  and  equipment  room;  it  also  provides 
the  requirements  for  bonding  and  connecting  path- 
ways, cable  shields,  conductors,  and  hardware  at  tele- 
communications closets,  equipment  rooms,  and  en- 
trance facilities.  The  grounding  and  bonding  approach 
described  in  this  standard  is  consistent  with  the  cabling 
topology  specified  in  FIPS  PUB  174,  Federal  Building 
Telecommunications  Wiring  Standard  (ANSI/EIA/TIA- 
568-1991),  and  installed  in  accordance  with  FIPS  PUB 


175,  Federal  Building  Standard  for  Telecommuni- 
cations Pathways  and  Spaces  (ANSI/EIA/TIA-569- 
1990). 
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This  report  provides  a  proceedings  of  the  workshop  on 
Application  Integration  Architectures  (AIA)  held  on 
February  8-12,  1993,  in  Dallas,  Texas.  The  workshop 
addressed  various  means  of  coordinating  and  improv- 
ing information  technology  (IT)  standards  to  achieve 
open  systems  interoperability.  The  purpose  of  this 
workshop  was  to  provide  a  forum  where  individuals  ac- 
tive in  one  or  more  standards  efforts  or  industrial  con- 
sortia in  the  information  technologies  software  area 
could  meet  to  discuss  how  their  efforts  relate  and  work 
to  formulate  a  roadmap  to  insure  convergence  of  de 
jure  or  de  facto  standards  in  software  information  tech- 
nology. 
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*CALS,  Continuous  Acquisition  and  Life-Cycle  Sup- 
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This  document  provides  general  procedures  for  the 
National  Institute  of  Standards  and  Technology's 
(NIST)  Computer  Graphics  Metafile  (CGM)  Validation 
Test  Service.  The  NIST  CGM  Validation  Test  Service 
provides  a  way  of  determining  the  degree  to  which  an 
implementation  conforms  to  the  CGM  standard  (Fed- 
eral Information  Processing  Standard  128-1.  Computer 
Graphics  Metafile,  and  the  Continuous  Acquisition  and 
Life-Cycle  Support  Application  Profile,  MIL-D-28003A). 
The  goal  of  the  NIST  Test  Service  is  to  maximize  the 
probability  of  successful  interchange  of  CGMs  be- 
tween conforming  systems.  The  document  is  divided 
into  three  testing  programs:  metafile  testing,  generator 
testing,  and  interpreter  testing.  In  order  to  take  into  ac- 
count the  differences  among  the  three  testing  pro- 
grams, many  procedures  have  been  tailored  to  the 
specific  testing  program.  The  policies  and  procedures 
presented  in  this  document  are  organized  into  five  sec- 
tions: an  introduction,  general  procedures,  and  specific 
procedures  for  each  of  the  three  testing  programs. 
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The  primary  purpose  of  the  report  is  to  compare:  the 
ANSI  IRDS  standards  (ANSI  1992),  (IRDS  1988);  and 
the  ISO  IRDS  standards  (FRAMEWORK  1990),  (ISO 
1992).  The  following  are  also  part  of  the  context  of  the 
report  and  will  be  surveyed:  the  IBM  Repository  Man- 


ager Interface  (RM  1990);  the  ATIS  IRDS  proposal 
(ATIS  1990);  and  the  PCTE  standard  (PCTE  1988). 
The  principal  objective  of  the  report  is  to  establish  the 
level  of  compatibility  and  interoperability  possible  be- 
tween an  ANSI  IRDS  environment  and  an  ISO  IRDS 
environment.  This  is  done  by  attempting  to  establish 
if  these  environments  can  be  reconciled:  in  definition. 
That  is,  can  they  share  data,  in  operation.  That  is, 
could  a  single  product  offer  the  two  types  of  services. 
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GOSIP(Government  Open  Systems  Interconnection 
Profile),  IGOSS(lndustry/Govemment  Open  Systems 
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The  IGOSS  is  a  standard  reference  to  use  when  ac- 
quiring and  operating  computer  networking  products 
and  services  intended  to  conform  to  the  Open  Systems 
Interconnection  (OSI)  protocols.  The  IGOSS  is  jointly 
authored  by  the  U.S.  Government,  the  Canadian  Gov- 
ernment. Manufacturing  Automation  Protocol  (MAP) 
group,  the  Technical  and  Office  Protocol  (TOP)  group, 
and  the  electric  power  group.  Each  of  these  organiza- 
tions has  previously  issued  their  own  procurement  pro- 
files and  are  now  consolidating  their  procurement  re- 
quirements into  a  single  domain. 
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This  paper  discusses  progress  to  date  in  the  develop- 
ment and  deployment  of  a  Testing  Policy  for  U.S.  Gov- 
ernment Open  Systems  Interconnection  Profile 
(GOSIP)  protocol  implementations.  The  policy  itself  is 
fully  discussed  in  the  Federal  Information  Processing 
Standards  (FIPS):  'GOSIP  Conformance  and 
Interoperation  Testing  and  Registration.'  Realization  of 
the  policy  has  included  solicitation  and  assessment  of 
abstract  test  suites,  means  of  testing,  conformance 
test  laboratories  and  interoperability  test  suites  and  fa- 
cilities. Public  registers  of  all  of  these  items  are  com- 
piled and  published  so  that  Federal  Agencies  may 
make  informed  procurement  decisions  for  GOSIP 
products. 
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This  editorial  is  a  clarification  of  the  National  Institute 
of  Standards  and  Technology's  (NIST's)  role  in  the  de- 


214 


COMPUTERS,  CONTROL  &  INFORMATION  THEORY 


Information  Processing  Standards 


velopment  of  the  American  National  Standards  Insti- 
tute (ANSI)  standard  ANSI/NIST-CSL  1-1993  entitled 
'Data  Format  for  the  Interchange  of  Fingerprint  Infor- 
mation.' Several  misrepresentations  of  the  NIST  role 
appeared  in  an  editorial  published  in  the  May/June 
1 993  issue  of  the  Journal  of  Forensic  Identification. 
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The  development  of  National  Institute  of  Standards 
and  Technology  (NIST)  Special  Publication  500-217 
which  specifies  the  Industry/Government  Open  Sys- 
tems Specification  (IGOSS),  resulted  in  the  need  to  es- 
tablish policy  and  procedures  aimed  at  ensuring  that 
the  IGOSS  Partners'  data  communications  products 
adhere  to  the  technical  documents  referenced  by 
IGOSS  and  that  they  interoperate.  The  goal  of  this  doc- 
ument is  to  aid  an  Industry/Government  Acquisition 
Authority  in  procurement  of  IGOSS  products  by  em- 
ploying publicly  accessible  registers  verifying  supplier 
claims  of  conformance  and  documenting  instances  of 
interoperability  of  IGOSS  CONFORMANT  PROD- 
UCTS. This  document  supersedes  NISTIR  4594. 
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This  article  discusses  the  status  of  the  Information  Re- 
source Dictionary  System  (IRDS).  It  provides  brief 
background  information,  reviews  the  current  standard- 
ization situation,  and  discusses  extensions  to  the  IRDS 
that  are  under  development. 
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This  paper  provides  information  about  the  National  In- 
stitute of  Standards  and  Technology's  (NIST)  Federal 
Information  Processing  Standards  (FIPS)  and  other 
standards  organizations  and  presents  a  perspective  on 
software  engineering  standards. 
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For  many  years,  standards  have  been  important  con- 
siderations in  the  Federal  government's  policies  for  the 
use  of  information  technology.  The  Computer  Systems 
Laboratory  (CSL)  at  the  National  Institute  of  Standards 
and  Technology  develops  and  issues  technical  stand- 
ards that  are  used  by  the  Federal  government  in  its 
information  technology  systems.  The  new  Federal  ini- 
tiative for  the  National  Information  Infrastructure  (Nil) 
and  the  National  Performance  Review  (NPR)  make  in- 
formation technology  an  agent  for  change  and  empha- 
size standards  as  a  means  for  achieving  connectivity 
of  computer  and  telecommunications  technologies  and 
for  easy  access  to  information.  The  Federal  govern- 
ment will  be  challenged  to  address  the  technical,  orga- 
nizational and  policy  issues  that  affect  the  develop- 
ment of  the  standards  needed  for  future  information 
systems. 


01,813 

PB96-111190       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 

Federal  Implementation  Guideline  for  Electronic 
Data  Interchange:  ASC  X1 2  003040  Transaction  Set 
838  Trading  Partner  Profile  (Confirmation  of  Ven- 
dor Registration).  Implementation  Convention. 

J.  P.  Favreau.  Aug  95,  25p,  NIST/SP-881/2. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 

03364-  2.  See  also  PB96-1 12651. 

Keywords:  "Computer  programs,  "Information  ex- 
change, "Logistics  management,  Procurement,  Stand- 
ards, Acquisition,  Databases,  Telecommunication, 
Businesses,  Corporations,  Purchasing,  Vendors,  Elec- 
tronic Data  Interchange  ASC  X12  003040  Transaction 
Set  838. 

The  ASC  X12  003040  Transaction  Set  838,  Trading 
Partner  Profile  (Confirmation  of  Vendor  Registration), 
Implementation  Convention  defines  the  Federal  Gov- 
ernment interpretation  of  the  use  of  ASC  X12  003040 
standards.  This  implementation  convention  provides 
the  information  necessary  for  the  user  to  be  able  to 
develop  an  interface  program  between  the  computer 
application  and  the  ASC  X12  translator. 

01,814 

PB96-1 14913  PCA11/MFA03 

National  Inst,  of  Standards  and  Technology  (NCSL), 

Gaithersburg,  MD.  Systems  and  Network  Architecture 

Div. 

Federal  Implementation  Guideline  for  Electronic 
Data  Interchange.  ASC  X1 2  003050  Transaction  Set 
850  Award  Instrument.  Implementation  Conven- 
tion. 

Special  pub. 

J.  P.  Favreau.  Aug  95,  228p,  NIST/SP-881/3. 

Also  available  from  Supt.  of  Docs  as  SN003-003- 

03365-  1 .  See  also  PB96-1 1 4921 . 

Keywords:  "Information  systems,  "Standards, 
"Procurement,  Commerce,  Computer  networks,  Infor- 
mation exchange,  Computer  software,  United  States 
government,  Contract  administration,  Data  processing, 
"Electronic  Data  Interchange,  *EDI(Electronic  Data 
Interchange),  Standard  ASC  12  003050  Transaction 
Set  860,  Draft  standard. 

The  ASC  X12  003050  Transaction  Set  850,  Award  In- 
strument, Implementation  Convention  defines  the  Fed- 
eral Government  interpretation  of  the  use  of  ASC  X12 
003050  standards.  This  implementation  convention 
provides  the  information  necessary  for  the  user  to  be 
able  to  develop  an  interface  program  between  the 
computer  application  and  the  ASC  X1 2  translator. 

07,875 
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National  Inst,  of  Standards  and  Technology  (NCSL), 

Gaithersburg,  MD.  Systems  and  Network  Architecture 

Div. 

Federal  Implementation  Guideline  for  Electronic 
Data  Interchange.  ASC  X1 2  003050  Transaction  Set 
860  Modifications  to  Award  Instrument.  Implemen- 
tation Convention. 

Special  pub. 

J.  P.  Favreau.  Aug  95,  230p,  NIST/SP-881-4. 

Also  available  from  Supt.  of  Docs  as  SN003-003- 

03366-  9.  See  also  PB96-1 1 491 3. 

Keywords:  "Information  systems,  "Standards, 
"Procurement,  Commerce,  Computer  networks,  Infor- 


mation exchange,  Computer  software,  United  States 
government,  Contract  administration,  Data  processing, 
"Electronic  Data  Interchange,  *EDI(Electronic  Data 
Interchange),  Standard  ASC  X12  003050  Transaction 
Set  860,  Draft  standards. 

This  Draft  Standard  for  Trial  Use  contains  the  format 
and  establishes  the  data  contents  of  the  Purchase 
Order  Change  Request  -  Buyer  Initiated  Transaction 
Set  (860)  for  use  within  the  context  of  an  Electronic 
Data  Interchange  (EDI)  environment.  The  transaction 
set  can  be  used  to  provide  the  information  required  for 
the  customary  and  established  business  and  industry 
practice  relative  to  a  purchase  order  charge.  This 
transaction  can  be  used:  (1)  by  a  buyer  to  request  a 
change  to  a  previously  submitted  purchase  order  or  (2) 
by  a  a  buyer  to  confirm  acceptance  of  a  purchase  order 
change  initiated  by  the  seller  or  by  mutual  agreement 
of  the  two  parties. 


07,876 

PB96-1 1 4939       PC  A07/M  F  A02 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 

Z39.50  Implementation  Experiences. 

Special  pub. 

P.  Over,  W.  E.  Moen,  R.  Denenberg,  and  L.  Stovel. 
Sep  95,  129p,  NIST/SP-500/229. 
Also  available  from  Supt.  of  Docs.  Prepared  in  co- 
operation with  University  of  North  Texas,  Denton. 
School  of  Library  and  Information  Sciences.,  Library  of 
Congress,  Washington,  DC.  and  Research  Libraries 
Group,  Inc.,  Mountain  View,  CA. 

Keywords:  "Computer  networks,  "Computer  software, 
"Information  retrieval,  Implementation,  Z39.50 
ANSIINISO  protocol,  Open  systems  interconnections. 

Contents: 

Z39.50  for  Full-Text  Search  and  Retrieval; 
Basic  Z39.50  Server  Concepts  and  Creation; 
Building  a  Z39.50  Client; 
Implementing  Explain; 

Implementing  Z39.50  in  a  multi-national  and  multi- 
lingual environment; 

Use  of  Z39.50  for  Search  and  Retrieval  of 
Scientific  and  Technical  Information; 

Structural  Components  of  the  Isite  Information 
System; 

Z39.50  -  implications  and  implementation  at  the 

AT&T  library  network; 
The  Implementation  of  Z39.50  in  the  National 

Library  of  Canada's  AMICUS  System; 
Developing  a  Multi-Platform  Z39.50  Service; 
and  Use  of  Z39.50  for  the  Delivery  of  Current 

Awareness  Products. 
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National  Inst,  of  Standards  and  Technology  (NCSL), 

Gaithersburg,  MD.  Systems  and  Network  Architecture 

Div. 

Lessons  from  the  Establishment  of  the  U.S.  GOSIP 
Testing  Program. 

Final  rept. 

J.  P.  Favreau,  and  J.  S.  Nightingale.  1991,  16p. 
See  also  PB94-211455. 

Pub.  in  Proceedings  of  the  International  Workshop  on 
Protocol  Test  Systems  (4th),  Leidschendam,  The 
Netherlands,  October  15-17, 1991, 16p. 

Keywords:  "Computer  communications,  "Protocols, 
Computer  networks,  Communication  networks,  Inter- 
faces, Interoperability,  Message  processing,  Computer 
architecture,  Systems  engineering,  Standardization, 
Specifications,  Requirements,  Reprints,  *OSI(Open 
Systems  Interconnection),  "Open  Systems  Inter- 
connection, *GOSIP(Government  Open  Systems  Inter- 
connection Profile),  "Government  Open  Systems  Inter- 
connection Profile,  Conformance. 

Currently,  the  U.S.  Government  mandates  use  of  Open 
Systems  Interconnection  (OSI)  protocols  in  procure- 
ment of  new  networks  and  major  upgrades  to  existing 
networks.  Vendors  strive  to  meet  the  challenge  of  mak- 
ing OSI  products  available.  Users  are  confused  by  this 
new  technology.  In  order  to  respond  to  this  problem 
the  National  Institute  of  Standards  and  Technology  has 
set  up  a  comprehensive  testing  program.  An  overview 
of  the  U.S.  GOSIP  Testing  Program  is  presented  with 
some  of  the  issues  in  OSI  protocol  conformance  and 
interoperability  testing  raised  during  its  design  and  im- 
plementation. 
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National  Inst,  of  Standards  and  Technology  (NCSL), 
Gaithersburg,  MD.  Systems  and  Network  Architecture 
Div. 

Open  Issues  in  OSI  Protocol  Development  and 
Conformance  Testing. 

Final  rept. 

J.  P.  Favreau,  G.  V.  Bochmann,  and  P.  Mondain- 
Monval.  1991,  19p. 

Pub.  in  Computer  Networks  '91,  Wroclaw,  Poland,  19p 
1991. 

Keywords:  "Protocols,  "Conformance, 

"Interoperability,  Standards,  Testing,  Computer  net- 
works, Computer  software,  Computer  equipment,  Pro- 
curement, Communications,  Reprints,  "OSIfOpen  Sys- 
tems Interconnection),  "Open  Systems  Interconnec- 
tion. 

As  of  August  15,  1990  the  U.S.  Government  mandated 
use  of  Open  Systems  Interconnection  (OSI)  in  procure- 
ment of  new  networks  and  major  upgrades  to  existing 
networks.  The  goal  of  OSI  is  to  allow  interworking  of 
separately  developed  pieces  of  software  and  equip- 
ment. However,  it  is  not  easy  to  allow  interworking  of 
separately  developed  pieces  of  software  and  equip- 
ment. However,  it  is  not  easy  to  insure  that  OSI  prod- 
ucts provided  by  different  vendors  will  properly 
interoperate.  This  paper  presents  some  unresolved  is- 
sues in  OSI  protocol  development  and  conformance 
testing,  and  proposes  an  approach  for  the  protocol  de- 
velopment and  testing  cycle  that  would  alleviate  some 
of  the  present  problems. 
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National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD.  Information  Systems  Engineering 

Div. 

Database  Management  Standards:  Status  and  Ap- 
plicability. 

Final  rept. 

L.  Gallaqher.  1991,  11  p. 

Pub.  in  Computers  and  Standards,  1 1p,  18  Nov  91. 

Keywords:  "Data  base  management,  "Standards, 
Computer  languages,  Query  languages,  Conform- 
ance, Applicability,  Reprints,  ISO(lnternational  Organi- 
zation for  Standards),  RDA(Remote  Database  Ac- 
cess), NDL  computer  language,  SQL  computer  lan- 
guage. 

This  article  presents  the  current  status  of  existing  and 
emerging  ISO,  ANSI,  and  FIPS  standards  for  database 
management,  specifically  Database  Languages  NDL 
and  SQL  and  Remote  Database  Access  (RDA).  It  de- 
scribes the  general  content  of  each  standard  and  dis- 
cusses its  applicability,  availability,  completeness,  ma- 
turity, stability,  existing  usage,  and  known  limitations. 
Where  appropriate,  it  also  addresses  the  availability  of 
conformance  test  suites  and  future  plans  for  enhance- 
ments and  follow-on  standardization  efforts. 


01.820 

PB96-131495       PC  A03/MF  A01 
National  Inst,  of  Standards  and  Technology  (CSL), 
Gaithersburg,  MD.  Distributed  Systems  Engineering. 
Comparison  of  POSIX  Open  System  Environment 
(OSE)  and  Open  Distributed  Processing  (ODP)  Ref- 
erence Models. 

G.  Fernandes,  and  J.  Hungate.  13  Nov  95,  26p, 
NISTIR-5736. 

Keywords:  "Models,  "Standardization,  Computer  pro- 
gram portability,  Interfaces,  Distributed  processing, 
Interoperability,  Data  flow  analysis,  Computer  net- 
works, Information  systems,  Information  centers, 
Informaton  services,  Operating  systems(Computers), 
Information  dissemination,  Systems  management, 
Specifications,  *POSIX(Portable  Operating  System 
Interface  for  Computing  Environments),  "Portable  Op- 
erating System  Interface  for  Computing  Environments, 
*OSE(Open  System  Environment),  "Open  System  En- 
vironment, *ODP(Open  Distributed  Processing), 
"Open  Distributed  Processing,  Distributed  systems. 

This  report  presents  two  existing  reference  models  for 
describing  distributed  systems.  These  models  are  the 
Open  Distributed  Processing  reference  model  and  the 
POSIX  OSE  reference  model.  They  both  address  dis- 
tributed open  systems,  but  from  different  perspectives, 
with  different  objectives  and  methodology.  After  a  brief 
description  of  the  two  models,  a  comparison  is  made 
referring  in  particular  to  the  extent  distributed  systems 
management  is  accommodated  in  both  models. 
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National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 

NIST  POSIX  Testing  Program. 

Final  rept. 

E.  Lennon.  1991,  4p. 

Pub.  in  Computer  Systems  Laboratory  Bulletin,  p1-4 
Oct  91 . 

Keywords:  "Operating  systems(Computers), 
"Computer  program  portability,  "Interfaces,  Computer 
program  verification,  Application 

programs(Computers),  Computer  systems  programs, 
Interoperability,  Distributed  processing,  Reprints, 
*POSIX(Portable  Operating  Systems  Interface  for 
Computer  Environments),  "Conformance  testing, 
"Portable  Operating  Systems  Interface  for  Computer 
Environments. 

This  CSL  Bulletin  describes  NIST's  program  to  test 
POSIX  products  for  conformance  to  Federal  Informa- 
tion Processing  Standard  (FIPS)  151-1,  Portable  Oper- 
ating System  Interface  for  Computer  Environments 
(POSIX).  The  bulletin  discusses  the  NIST  POSIX  Con- 
formance Test  Suite,  POSIX  testing  procedures,  ac- 
credited POSIX  testing  laboratories,  POSIX  validated 
products,  and  the  availability  of  POSIX  information. 
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National  Inst,  of  Standards  and  Technology  (CSL), 
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Program. 

Federal  Implementation  Guideline  for  Electronic 
Data  Interchange.  ASC  X1 2  003050  Transaction  Set 
843  Response  to  Request  for  Quotation.  Implemen- 
tation Convention. 

Special  pub. 

J.  P.  Favreau.  1996,  154p,  NIST/SP-881-7. 

Keywords:  "Information  systems,  "Standards, 
"Procurement,  Commerce,  Computer  networks,  Tele- 
communication, Information  exchange,  Computer  soft- 
ware, United  States  Government,  Contract  administra- 
tion, Data  processing,  Purchasing,  *EDI(Electronic 
Data  Interchange),  "Electronic  Data  Interchange, 
Standard  ASC  X12  003050  Transaction  Set  843,  Draft 
Standard,  Electronic  commerce. 

This  Draft  Standard  for  Tidal  Use  contains  the  format 
and  establishes  the  data  contents  of  the  Response  to 
Request  for  Quotation  Trasaction  Set  (843)  for  use 
within  the  context  of  an  Electronic  Data  Interchange 
(EDI)  environment.  The  transaction  set  can  be  used 
to  provide  potential  buyers  with  price,  delivery  sched- 
ule, and  other  terms  from  potential  sellers  of  goods  and 
services,  in  response  to  a  request  for  such  information. 
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National  Inst,  of  Standards  and  Technology  (NCSL), 

Gaithersburg,  MD.  Systems  and  Network  Architecture 
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Federal  Implementation  Guideline  for  Electronic 
Data  Interchange.  ASC  X12  003050  Transaction  Set 
855  Purchase  Order  Acknowledgment:  Implemen- 
tation Convention. 

Special  pub. 

J.  P.  Favreau.  Feb  96,  41p,  NIST/SP-881/6. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 

03398-7.  See  also  PB96-1 14921. 

Keywords:  "Information  systems,  "Standards, 
"Procurement,  Commerce,  Computer  networks,  Tele- 
communication, Information  exchange,  Computer  soft- 
ware, United  States  Government,  Contract  administra- 
tion, Data  processing,  Purchasing,  *EDI(Electronic 
Data  Interchange),  "Electronic  Data  Interchange, 
Standard  ASC  X12  003050  Transaction  Set  855,  Draft 
standard,  Electronic  commerce. 

This  Draft  Standard  for  Tidal  Use  contains  the  format 
and  establishes  the  data  contents  of  the  Purchase 
Order  Acknowledgement  Transaction  Set  (855)  for  use 
within  the  context  of  an  Electronic  Data  Interchange 
(EDI)  environment.  The  transaction  set  can  be  used 
to  provide  for  customary  and  established  business  and 
industry  practice  relative  to  a  seller's  acknowledgment 
of  a  buyer's  purchase  order.  This  transaction  set  can 
also  be  used  as  notification  of  a  vendor  generated 
order.  The  usage  advises  a  buyer  that  a  vendor  has 
or  will  ship  merchandise  as  prearranged  in  their  part- 
nership. 
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National  Inst,  of  Standards  and  Technology  (NCSL), 
Gaithersburg,  MD.  Systems  and  Network  Architecture 
Div. 

Federal  Implementation  Guideline  for  Electronic 
Data  Interchange.  ASC  X12  003050  Transaction  Set 
840  Request  for  Quotation.  Implementation  Con- 
vention. 

Special  pub. 

J.  P.  Favreau.  Feb  96,  196p,  NIST/SP-881-8. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 

03402-9. 

Keywords:  "Data  processing,  "Computer  networks, 
"Standards,  Information  systems,  Government  pro- 
curement, Information  exchange,  Contract  administra- 
tion, Computer  software,  "Electronic  data  interchange, 
ASC  X1 2  003050  Transaction  Set  840. 

This  Draft  Standard  for  Tidal  Use  contains  the  format 
and  establishes  the  data  contents  of  the  Request  for 
Quotation  Transaction  Set  (840)  for  use  within  the  con- 
text of  an  Electronic  Data  Interchange  (EDI)  environ- 
ment. The  transaction  set  can  be  used  to  provide  buy- 
ers with  the  ability  to  solict  price,  delivery  schedule, 
and  other  items  from  potential  sellers  of  goods  and 
services. 
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National  Inst,  of  Standards  and  Technology  (NCSL), 

Gaithersburg,  MD.  Systems  and  Network  Architecture 
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Federal  Implementaion  Guideline  for  Eletronic 
Data  Interchange.  ASC  X12  003050  Transaction  Set 
865  Purchase  Order  Change  Acknowledgement/ 
Request  -  Seller  Initiated.  Implementation  Conven- 
tion. 

Special  pub. 

J.  P.  Favreau.  Feb  96,  162p,  NIST/SP-881-5. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 

03397-9.  See  also  PB96-1 14921. 

Keywords:  "Information  systems,  "Standards, 
"Computer  networks,  "Procurement,  Commerce,  Infor- 
mation exchange,  Computer  software,  United  States 
Government,  Contract  administration,  Purchasing, 
Telecommunications,  Data  processing, 

*EDI(Electronic  Data  Interchange),  Electronic  Data 
Interchange,  Standard  ASC  X  12  003050  Transaction 
Set  865,  Implementation  Convention,  Electric  Com- 
merce, Draft  standard. 

The  ASC  X12  003050  Transaction  Set  865,  Purchase 
Order  Change  Acknowledgement/Request  -  Sell  Initi- 
ated Implementation  Convention  defines  the  Federal 
Government  interpretation  of  the  use  of  ASC  X12 
003050  standards.  This  implementation  convention 
provides  the  information  necessary  for  the  user  to  be 
able  to  develop  an  interface  program  between  the 
computer  application  and  the  ASC  X1 2  translator. 
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National  Inst,  of  Standards  and  Technology  (NCSL), 
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Five  Q's  (Cues)  of  the  U.S.  GOSIP  Testing  Program. 

Final  rept. 

J.  P.  Favreau.  1992,  14p. 

Pub.  in  Government  Open  Systems  Interconnection 
Profile  Procurement  Symposium,  Gaithersburg,  MD., 
December  7,  1992,  p1-14. 

Keywords:  "Computer  networks,  "Interoperability,  Con- 
formance, Systems  engineering,  File  management 
systems,  Data  transmission  systems,  Product  develop- 
ment, Procedures,  Requirements,  Specifications, 
Standards,  Testing,  Procurement,  Quality  assurance, 
Computer  communications,  Reprints, 

*GOSIP(Government  Open  Systems  Interconnection 
Profile),  "Government  Open  Systems  Interconnection 
Profile. 

The  National  Institute  of  Standards  and  Technology 
(NIST)  has  developed  a  comprehensive  test  policy  and 
procedures  that  must  demonstrate  technical  credibility, 
acceptability  to  both  vendors  and  users,  assurance  of 
interoperability  and  provide  a  basis  for  international 
recognition  of  national  testing.  The  U.S.  GOSIP  Test- 
ing Program  includes  the  identification  of  abstract  test 
suites,  the  development  of  method  to  assess  means 
of  testing,  the  setting  up  a  test  laboratory  accreditation 
program,  a  definition  for  the  role  of  interoperability  test- 
ing and  the  creation  of  publicly  available  registers. 
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National  Inst,  of  Standards  and  Technology  (NCSL), 
Gaithersburg,  MD.  Systems  and  Network  Architecture 
Div. 

Federal  Implementation  Guideline  for  Electronic 
Data  Interchange:  ASC  X1 2  003050  Transaction  Set 
836  Procurement  Notices.  Implementation  Conven- 
tion. 

Special  pub. 

J.  P.  Favreau.  Feb  96,  43p,  NIST/SP-881/9. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 

03400-2.  See  also  PB96-1 72374. 

Keywords:  "Telecommunication,  "Contract  manage- 
ment, "Government  procurement,  "Federal  govern- 
ment, Standards,  Computer  networks,  Information  sys- 
tems, Data  processing  systems,  Purchasing,  Acquisi- 
tion, Contract  administration,  Implementation,  Com- 
puter communications,  "Electronic  Data  Interchange, 
Electric  commerce,  Standard  ASC  X1 2  003050  Trans- 
action Set  836. 

This  implementation  convention  provides  the  informa- 
tion necessary  for  the  user  to  be  able  to  develop  an 
interface  program  between  the  computer  application 
and  the  ASC  X12  translator. 
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J.  Hungate.  1996,  2p. 

Pub.  in  Open  Systems  Standards  Tracking  Report,  v5 
n2  p2-3,  2  May  96. 

Keywords:  "Computer  networks,  "Interoperability, 
"Standardization,  Distributed  computer  systems,  Sys- 
tems management,  Integrated  systems,  Systems  engi- 
neering, Interfaces,  Specifications,  Data  flow  analysis, 
Reprints,  "Open  Systems  Environment. 

The  Open  System  Environment  Implementors'  Work- 
shop (OIW),  cosponsored  by  NIST  and  the  IEEE,  of- 
fers a  neutral,  inexpensive,  public-consensus  forum 
that  is  recognized  by  national  and  international  stand- 
ards organizations.  The  output  of  this  technical  work 
is  primarily  information  technology  (IT)  profiles,  also 
known  as  implementors'  agreements  or  functional 
standards. 
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Reliable  Optical  Flow  Algorithm  Using  3-D  Hermite 

Polynomials. 

H.  Liu,  T.  H.  Hong,  M.  Herman,  and  R.  Chellappa. 
Dec  93,  35p,  NISTIR-5333. 

Prepared  in  cooperation  with  Maryland  Univ.  Coll.,  Col- 
lege Park. 

Keywords:  "Image  analysis,  Image  reconstruction, 
Scene  analysis,  Computer  vision,  Hermite  poly- 
nomials, Three  dimensional,  Matrices,  Algorithms, 
Theorems,  "Optical  flow. 

Algorithms  that  attempt  to  accurately  compute  optical 
flow  must  cope  with  occlusion,  brightness  changes,  ir- 
regular motion,  and  the  aperture  problem.  Most  optical 
flow  algorithms  have  tried  to  overcome  one  or  more 
of  the  problems  mentioned  above.  Yet,  claims  about 
the  reliability  of  computed  flow  are  still  based  on  ad 
hoc  evaluation  schemes.  While  a  perfect  algorithm  that 
is  free  of  all  the  problems  is  not  yet  available,  we 
present  a  reliable  algorithm,  which  despite  all  the  dif- 
ficulties, generates  the  output  flow  field  wherever  pos- 
sible, and  associates  with  the  output  evaluation  metrics 
that  reflect  the  reliability  of  the  output.  The  evaluation 
metrics  are  complete  in  the  sense  that  they  are  theo- 
retically related  to  the  physical  phenomena  that  cause 
the  inherent  problems  noted  above.  Our  approach  to 
computing  optical  flow  expands  the  spatio-temporal 
image  in  terms  of  Hermite  polynomials  and  then  de- 
rives multiple  Gaussian  smoothed  gradient  constraint 
equations,  which  constitute  an  overdetermined  linear 
system  that  can  be  solved  for  image  flow  with  a  least 
square  method. 
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Evaluating  Form  Designs  for  Optical  Character 

Recognition. 

M.  D.  Garris,  and  D.  L.  Dimmick.  Feb  94,  117p, 
NISTIR-5364. 

Keywords:  "Optical  character  recognition,  "Human  fac- 
tors engineering,  "Forms(Paper),  "Taxes,  Errors,  Per- 
formance evaluation,  Data  bases,  NIST(National  Insti- 
tute of  Standards  and  Technology),  IRS(lnternal  Reve- 
nue Service). 

The  National  Institute  of  Standards  and  Technology 
(NIST),  under  the  sponsorship  of  the  Internal  Revenue 
Service,  has  conducted  an  extensive  study  of  three  dif- 
ferent redesigned  tax  forms.  The  NIST  Model  Recogni- 
tion System  was  used  in  conjunction  with  the  NIST 
Scoring  Package  to  generate  performance  measures 
at  the  form,  field,  and  character  levels.  The  analyses 
of  these  measures  conclude  that  factors  introduced 
onto  forms  by  the  writer  are  the  primary  cause  of  seg- 
mentation errors,  which  are  the  major  source  of  errors 
within  the  recognition  system.  Analysis  shows  that 
97%  of  these  segmentation  errors  can  be  attributed  to 
factors  introduced  by  the  writer.  The  paper  cites  three 
ways  in  which  these  types  of  human  factors  can  be 
handled  so  as  to  increase  recognition  performance. 
First,  the  algorithms  and  techniques  deployed  within 
the  system  can  be  improved.  Second,  the  instances 
of  human  factors  leading  to  system  errors  can  be  de- 
tected. Third,  writers  can  be  influenced  by  the  design 
of  the  form  including  the  layout  and  structure  of  the 
fields.  By  applying  a  combination  of  these  three  ap- 
proaches, human  factors  can  be  dealt  with,  and  the  er- 
rors made  by  a  form  processing  system  can  be  effec- 
tively reduced  to  classification  errors. 
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tute of  Standards  and  Technology). 

A  word  recognition  system  has  been  developed  at  the 
National  Institute  of  Standards  and  Technology  (NIST) 
to  read  free-formatted  text  paragraphs  containing 
handprinted  characters.  The  system  has  been  devel- 
oped and  tested  using  samples  of  handprint  from  NIST 
Special  Database  1 .  This  database  of  binary  images 
contains  2,100  different  writers'  printings  of  the  Pre- 
amble to  the  U.S.  Constitution.  Each  writer  was  asked 
to  print  these  sentences  in  an  empty  70mm  by  175mm 
box.  The  Constitution  box  contains  no  guidelines  for 
the  placement  and  spacing  of  the  handprinted  text,  nor 
are  there  guidelines  to  instruct  the  writer  where  to  stop 
printing  one  line  and  to  begin  the  next.  This  paper  dis- 
cusses the  word  recognition  system  in  detail. 
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Final  rept.  1993-94. 

J.  Geist,  R.  A.  Wilkinson,  S.  Janet,  N.  W.  Larsen,  R. 
M.  Klear,  M.  J.  Matsko,  C.  J.  C.  Burges,  R.  Creecy, 
J.  J.  Hull,  T.  P.  Vogl,  C.  L.  Wilson,  P.  J.  Grother,  and 
B.  Hammond.  May  94,  266p,  NISTIR-5452. 
See  also  PB92-238542. 

Keywords:  "Meetings,  "Optical  character  recognition, 
"Handwriting,  Character  recognition,  Image  process- 
ing, Dictionaries,  Scoring,  Voting,  Tests,  US  Bureau  of 
the  Census,  NIST(National  Institute  of  Standards  and 
Technology). 

The  results  of  the  Second  Census  Optical  Character 
Recognition  (OCR)  Systems  Conference  are  de- 
scribed. There  were  two  conference  tests,  one 
scanned  from  microfilm,  the  other  from  paper.  Each 
test  consisted  of  three  thousand  miniforms  with  three 
answer  fields  per  form.  The  answers  consisted  of 
phases  associated  with  the  respondant's  occupation. 


Twenty-five  organizations  participated  in  the  con- 
ference, but  only  ten  submitted  results  for  scoring  by 
the  National  Institute  of  Standards  and  Technology 
(NIST).  The  results  from  one  organization  were  good 
enough  to  suggest  that  OCR  may  now  be  sufficiently 
well  developed  to  be  used  in  a  future  Census. 


01,833 

PB94-199106  Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (NML), 
Gaithersburg,  MD.  Gas  and  Particulate  Science  Div. 
Object  Finder  for  Digital  Images  Based  on  Multiple 
Thresholds,  Connectivity,  and  Internal  Structures. 
Final  rept. 

D.  S.  Bright.  1989,  120p. 

Pub.  in  Jnl.  of  Computer  Assisted  Microscopy  1,  n4 
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Keywords:  "Image  processing,  Transmission  electron 
microscopy,  Ion  microscopy,  Electron  diffraction,  Re- 
prints, "Feature  extraction,  Blob  Splitting  Algorithm, 
Image  segmentation,  Digital  images. 

The  Blob  Splitting  Algorithm  (BSA),  developed  for  seg- 
menting digital  images  (Bright  1987a),  finds  simple  ob- 
jects in  micrographs  that  have  troublesome  back- 
grounds. Locating  objects  can  be  difficult  when  they 
have  a  wide  range  of  sizes  or  shapes,  when  they  have 
fuzzy  edges,  when  they  are  not  clearly  separated,  or 
when  they  do  not  stand  out  well  from  the  background. 
The  algorithm  works  without  any  preprocessing,  filter- 
ing, or  transforming  of  the  images.  It  is  not  sensitive 
to  object  width  or  even  to  object  size  or  shape,  but  rath- 
er to  intensities  relative  to  a  local  surround.  Although 
computationally  expensive,  it  is  robust  and  is  used  rou- 
tinely in  our  laboratory  for  locating  particles  in  TEM  and 
ion  microscope  images,  locating  spots  in  electron  dif- 
fraction patterns,  and  finding  regions  of  interest  in  com- 
plex particles. 
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processing,  Very  large  scale  integration,  Systolic  ar- 
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prints. 

Image  template  matching  and  block  matching  are  rep- 
resentative of  many  window  based  tasks  in  image 
processing.  While  the  existing  architectures  for  tem- 
plate matching  and  block  matching  consist  of  a  systolic 
array  of  processors,  most  of  them  either  ignore  the  I/ 
O  issues  or  employ  schemes  involving  frequent  off- 
chip  memory  accesses.  We  propose  a  systolic  archi- 
tecture consisting  of  a  linear  array  of  processors  which 
handles  the  I/O  bandwidth  problem  efficiently. 
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Keywords:  "Image  processing,  "Robotics,  Algorithms, 
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*CGOB(Certainty  grid  to  object  boundary),  "Certainty 
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An  edge  linking  algorithm  is  modified  for  a  mobile  robot 
map  representation  application.  Certainty  grid  'images' 
are  transformed  to  an  appropriate  set  of  object  bound- 
ary curves.  The  latter  are  expressed  as  oriented 
piecewise  linear  segments.  Image  processing  tech- 
niques, such  as  edge  detection,  thinning,  curve  tracing, 
and  linear  approximation  are  employed  with  various 
modifications.  The  most  significant  modification  is  a 
new  method  for  linear  curve  approximation  that  is  sim- 
ple, accurate,  and  efficient.  The  method  monitors 
chord  and  arc  length,  and  its  excellent  performance  is 
demonstrated  against  similar  algorithms.  The  certainty 
grid  to  object  boundary  algorithm  is  tested  against  sim- 
ulated noisy  certainty  grid  maps. 
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See  also  PB92-133016.  Prepared  in  cooperation  with 
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dimensional  bodies,  Cameras,  Rotation,  Fixation. 

The  paper  deals  with  a  visual-motion  fixation  invariant. 
The  authors  show  that  during  fixation  there  is  a  meas- 
urable nonlinear  function  of  optical  flow  that  produces 
the  same  value  for  all  points  of  a  stationary  environ- 
ment regardless  of  the  3-D  shape  of  the  environment. 
During  fixated  camera  motion  relative  to  a  rigid  object, 
e.g.,  a  stationary  environment,  the  projection  of  the  fix- 
ated point  remains  (by  definition)  at  the  same  location 
in  the  image,  and  all  other  points  located  on  the  3-D 
rigid  object  can  only  rotate  relative  to  the  3-D  fixation 
point.  This  rotation  rate  of  the  points  is  invariant  for  all 
points  that  lie  on  the  particular  environment,  and  it  is 
measurable  from  a  sequence  of  images.  This  new 
invariant  is  obtained  from  a  set  of  monocular  images, 
and  is  expressed  explicitly  as  a  closed  form  solution. 
In  the  paper  the  authors  show  how  to  extract  this 
invariant  analytically  from  a  sequence  of  images  using 
optical  flow  information,  and  they  present  results  ob- 
tained from  real  data  experiments. 
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The  goal  of  the  report  is  to  relate  existing  face  recogni- 
tion technology  to  law  enforcement  applications.  These 
applications  range  from  static  matching  of  controlled 
photographs  as  in  mugshot  matching  to  surveillance 
video  images  and  have  different  constraints  in  terms 
of  complexity  of  processing  requirements  and  thus 
present  a  wide  range  of  different  technical  challenges. 
The  ongoing  research  activities  have  been  given  a  re- 
newed emphasis  over  the  last  five  years.  The  existing 
techniques  and  systems  have  been  tested  on  different 
sets  of  images  of  varying  complexities.  Also,  very  little 
synergism  exists  between  studies  in  psychophysics 
and  the  engineering  literature.  Most  importantly,  there 
exist  no  evaluation  or  benchmarking  studies  using 
large  databases  with  the  image  quality  that  arises  in 
law  enforcement  applications. 
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puter software,  Feature  extraction,  UNIX(Operating 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  has  developed  a  standard  reference  form- 
based  handprint  recognition  system  for  evaluating  opti- 
cal character  recognition.  NIST  is  making  this  recogni- 
tion system  freely  available  to  the  general  public  on 
CD-ROM.  This  is  a  source  code  distribution  written  pri- 
marily in  C  with  two  additional  utilities  having 
FORTRAN  components.  Library  utilities  are  provided 
with  the  recognition  system  for  conducting  form  reg- 


istration, form  removal,  field  isolation,  field  segmenta- 
tion, character  normalization,  feature  extraction,  char- 
acter classification,  and  dictionary-based 
postprocessing.  A  host  of  data  structures  and  low-level 
utilities  are  also  provided.  The  recognition  system  has 
been  successfully  compiled  and  tested  on  a  host  of 
UNIX  workstations.  This  report  documents  the  system 
in  terms  of  its  installation,  organization,  and 
functionality. 
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A  scheme  to  estimate  differential  range  using  optical 
flow  along  a  known  direction  is  described.  The  factors 
affecting  the  accuracy  of  results,  and  various  spatial 
and  temporal  smoothing  algorithms  used  to  increase 
the  accuracy  of  the  method  are  described.  The  effect 
of  using  edge  detectors  and  a  prior  knowledge  of  the 
environment  is  considered  next.  While  the  former  re- 
duces the  noise,  the  latter  improves  the  range 
discriminability  of  the  method.  The  authors  have  imple- 
mented the  method  on  a  real  time,  high  speed, 
Pipelined  Image  Processing  Engine  (PIPE),  which 
processes  sixty  frames  per  second.  For  the  PIPE  im- 
plementation, a  horizontally  moving  camera  is  used, 
which  produces  optical  flow  along  a  scan  line. 
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Two  types  of  Fourier  Transform  based  filters  are  pre- 
sented and  used  to  enhance  fingerprint  images  for  use 
with  a  neural  network  fingerprint  classification  system 
developed  at  the  National  Institute  of  Standards  and 
Technology  (NIST).  With  image  enhancement  the  sys- 
tem is  capable  of  achieving  classification  error  rates 
of  8.65%  with  10%  rejects,  a  2  percentage  point  im- 
provement in  error  rate  versus  using  no  fingerprint  en- 
hancement. Speed  of  the  filters  range  from  2  to  9  sec- 
onds. Classification  tests  were  performed  using  ridge- 
valley  based  feature  extraction,  Karhunen  Loeve  trans- 
form, and  a  Probabilistic  Neural  Network  (PNN)  classi- 
fier. The  testing  method  used  differs  from  past  reports 
because  no  rolling  of  the  same  print  is  allowed  to  ap- 
pear in  both  the  training  and  testing  set  used  by  the 
Neural  Network  classifier. 
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Visual  pursuit  systems  are  reviewed  using  a  general- 
ized form  with  the  principal  delay  in  the  visual  feedback 
pathway.  The  performance  of  several  different  control 


methods  are  compared  through  analysis  of  the  tracking 
error.  A  high-performance  active  vision  system,  called 
TRICLOPS,  is  used  to  obtain  experimental  data  on  the 
tracking  performance  of  the  various  methods,  some  of 
which  had  previously  only  been  tested  through  simula- 
tion. Image  processing  delay  is  shown  to  be  the  pri- 
mary limiting  factor  in  performing  high-speed  tracking. 
Prediction  is  necessary  to  achieve  high  performance 
tracking,  and  the  effectiveness  of  prediction  depends 
on  several  factors,  including  the  coordinate  system 
used  for  motion  modeling  and  the  noise  content  of  the 
target  motion  signal.  It  is  demonstrated  that,  using  rel- 
atively simple  tracking  algorithms  which  incorporate 
prediction  with  an  advanced  robotic  device  like 
TRICLOPS,  it  is  now  possible  to  outperform  humans 
in  the  domain  of  visual  pursuit  of  simple  targets. 
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A  tomographic  reconstruction  algorithm  is  developed 
for  the  nonoverlapping  redundant  array  x-ray  imaging 
system  whereby  the  background  contributions  from 
out-of-focus  planes  can  be  eliminated.  The  algorithm 
makes  use  of  two  constraints  derived  from  the  physical 
characteristics  of  the  nonoverlapping  redundant  array 
system  in  tandem  with  the  correlation  decoding  proc- 
ess. It  is  simple,  direct,  and  noniterative.  Tomographic 
images  of  computer-generated  planar  and  three-di- 
mensional objects  are  provided  to  illustrate  the  effec- 
tiveness of  the  algorithm. 
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A  new  supplementary  a  priori  constraint,  the  slow  evo- 
lution from  the  boundary  constraint,  (SEB)  sharply  re- 
duces noise  contamination  in  a  large  class  of  space- 
invariant  image  deblurring  problems  that  occur  in  medi- 
cal, industrial,  surveillance,  environmental,  and  astro- 
nomical applications.  The  noise  suppressing  prop- 
erties of  SEB  restoration  can  be  proved  mathemati- 
cally, on  the  basis  of  rigorous  error  bounds  for  the  re- 
construction, as  a  function  of  the  noise  level  in  the 
blurred  image  data.  This  analysis  proceeds  by  refor- 
mulating the  image  deblurring  problem  into  an  equiva- 
lent ill-posed  problem  for  a  time-reversed  diffusion 
equation.  The  SEB  constraint  does  not  require  smooth- 
ness of  the  image.  An  effective,  fast,  non-iterative  pro- 
cedure, based  on  FFT  algorithms,  may  be  used  to 
compute  SEB  restorations.  For  a  512  X  512  image,  the 
procedure  requires  about  45  seconds  of  cpu  time  on 
a  Sun/sparc2.  A  documented  deblurring  experiment, 
on  an  image  with  significant  high  frequency  content, 
illustrates  the  computational  significance  of  the  SEB 
constraint  by  comparing  SEB  and  Tikhonov-Miller  re- 
constructions using  optimal  values  of  the  regularization 
parameters. 
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The  paper  examines  spatio-temporal  methods  of 
image  flow  and  shows  how  differential  range  can  be 
estimated  from  time-space  imagery.  We  consider  one 
scan  line  of  the  image  obtained  from  a  camera  moving 
in  the  horizontal  direction.  At  the  next  instant  of  time, 
we  shift  the  previous  line  up  by  one  pixel,  and  obtain 
another  line  from  the  image.  We  continue  the  proce- 
dure to  obtain  a  time-space  image,  where  each  hori- 
zontal line  represents  the  spatial  relationship  of  the 
pixels,  and  each  vertical  line  the  temporal  relationship. 
Each  feature  along  the  horizontal  scan  line  will  gen- 
erate an  edge  in  the  time-space  image,  the  slope  of 
which  depends  upon  the  distance  of  the  feature  from 
the  camera.  We  apply  two  mutually  perpendicular  edge 
operators  to  the  time-space  image,  and  determine  the 
slope  of  each  edge.  We  show  that  this  corresponds  to 
optical  flow.  We  use  the  result  to  obtain  the  differential 
range,  and  show  how  this  can  be  implemented  on  the 
Pipelined  Image  Processing  Engine  (PIPE).  We  dis- 
cuss several  kinds  of  edge  operators,  show  how  using 
the  zero  crossings  reduces  the  noise,  and  demonstrate 
how  better  discrimination  can  be  achieved  by  knowing 
the  range  we  are  interested  in. 
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Two  neural  network  based  methods  are  combined  to 
develop  font  independent  character  recognition  on  a 
distributed  array  processor.  Feature  localization  and 
noise  reduction  are  achieved  using  least  squares  opti- 
mized Gabor  filtering.  The  filtered  images  are  then  pre- 
sented to  an  ART-1  based  learning  algorithm  which 
produces  self-organizing  sets  of  neural  network 
weights  used  for  character  recognition.  Implementation 
of  these  algorithms  on  a  highly  parallel  computer  with 
1 ,024  processors  allows  high  speed  character  recogni- 
tion to  be  achieved  in  8ms/image  with  greater  than 
99%  accuracy  on  machine  print  and  80%  accuracy  on 
unconstrained  hand  printed  characters. 
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Shape  Recovery  is  a  useful  compilation  of  recent  pa- 
ir      pers  in  the  machine  vision  specialty  of  'shape  from 
■  shading'. 
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Traditional  optical  flow  algorithms  assume  local  image 
translational  motion  and  apply  simple  image  filtering. 
Recent  studies  have  taken  two  separate  approaches 
toward  improving  the  accuracy  of  computed  flow:  the 
application  of  spatio-temporal  filtering  schemes  and 
the  use  of  generalized  motion  models  such  as  the 
affine  model.  Each  has  achieved  some  improvement 
over  traditional  algorithms  in  specialized  situations.  In 
this  paper,  we  analyze  the  interdependency  between 
them  and  propose  a  united  approach.  The  general  mo- 
tion model  we  adopt  characterizes  arbitrary  3-D  steady 
motion.  Under  perspective  projection,  we  derive  an 
image  motion  equation  that  describes  the  spatio-tem- 
poral relation  of  gray-scale  intensity  in  an  image  se- 
quence, thus  making  the  utilization  of  3-D  filtering  pos- 
sible. However,  to  accommodate  this  complex  motion, 
we  need  to  extend  the  filter  design  to  derive  additional 
motion  constraint  equations.  Using  Hermite 
polynomials,  we  design  differentiation  filters,  whose 
orthogonality  and  Gaussian  derivative  properties  in- 
sure numerical  stability.  The  resulting  algorithm  pro- 
duces accurate  optical  flow  and  other  useful  motion  pa- 
rameters. It  is  evaluated  quantitatively  using  the 
scheme  established  by  Barron,  et  al.  and  qualitatively 
with  real  images. 
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A  multiple  neural  network  system  for  handprinted  char- 
acter recognition  is  presented.  It  consists  of  a  set  of 
input  networks  which  discriminate  between  all  two 
class  pairs,  and  an  output  network  which  takes  the  sig- 
nals from  the  input  networks  and  yields  a  digit  recogni- 
tion decision.  For  a  ten  digit  classification  problem  this 
requires  forty-five  binary  decision  machines  in  the  input 
network.  The  output  stage  is  typically  a  single  trained 
network.  The  neural  network  paradigms  adopted  in 
these  input  and  output  networks  are  the  multi-layer 
perceptron,  the  radial  basis  function  network,  and  the 
probabilistic  neural  network.  A  simple  majority  vote  rule 
was  also  tested  in  place  of  the  output  network. 
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Motion  boundary  extraction  and  optical  flow  computa- 
tion are  two  subproblems  of  the  motion  recovery  prob- 
lem that  cannot  be  solved  independently  of  each  other. 
They  represent  the  most  common  dilemma  in  motion 
research.  A  popular  approach  uses  an  iterative 
scheme  that  consists  of  motion  boundary  extraction 
and  optical  flow  computation  components  and  refines 
each  result  through  iteration.  This  approach  is  typically 
time-consuming  and  sometimes  does  not  converge. 
We  present  a  local,  noniterative  algorithm  that  extracts 
motion  boundaries  and  computes  optical  flow  simulta- 
neously. This  is  achieved  by  modeling  a  3-D  image  in- 
tensity block  with  a  general  motion  model  that  pre- 


sumes locally  coherent  motion.  Local  motion  coher- 
ence, which  is  measured  by  the  fitness  of  the  motion 
model,  is  the  criterion  we  use  to  determine  whether 
motion  should  be  estimated,  or  otherwise  motion 
boundaries  should  be  located.  The  motion  boundary 
extraction  algorithm  is  evaluated  quantitatively  and 
qualitatively  against  other  existing  algorithms  in  a 
scheme  originally  developed  for  edge  detection.  The 
results  show  that  our  algorithm  is  accurate  in  locating 
boundaries. 
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A  new  technique  for  intelligent  form  removal  has  been 
developed  along  with  a  new  method  for  evaluating  its 
impact  on  optical  character  recognition  (OCR).  The 
form  removal  technique  automatically  detects  the  dom- 
inant lines  in  an  image  and  erases  them  while  preserv- 
ing as  much  of  the  overlapping  character  strokes  as 
possible.  This  method  of  form  removal  relaxes  the  rec- 
ognition systems  dependence  on  rigid  form  design, 
printing,  and  reproduction  by  automatically  detecting 
and  removing  some  of  the  physical  structures  (lines) 
on  the  form.  The  line  detection  and  removal  technique 
operates  on  loosely  defined  zones  in  which  no  image 
deskewing  is  performed.  The  technique  was  tested  on 
a  large  number  of  randomly-ordered  handprinted  low- 
ercase alphabet  fields,  as  these  letters  (especially 
those  with  descenders)  frequently  touch  and  extend 
through  the  line  along  which  they  are  written.  It  is 
shown  that  intelligent  form  removal  can  improve  lower- 
case recognition  by  as  much  as  3%,  but  this  net  in- 
crease in  performance  is  insufficient  to  understand  the 
inpact  on  the  recognition.  There  is  expected  to  be 
trade-offs  with  the  introduction  of  any  new  technique 
into  a  complex  recognition  system.  A  new  statistical 
analysis  was  designed  to  evaluate  the  impact  of  intel- 
ligent line  removal  on  OCR.  The  evaluation  method 
compares  the  statistical  distributions  of  individual  con- 
fusion pairs  between  two  systems  and  automatically 
determines  the  significant  improvements  and  the  sig- 
nificant losses  in  performance.  In  order  for  system  de- 
velopers to  continue  to  reduce  error  rates,  sophisti- 
cated analyses  like  this  become  necessary  to  under- 
stand the  real  impact  a  modification  has  on  recognition 
performance.  The  statistical  analysis  presented  in  the 
paper  was  used  to  evaluate  the  new  line  removal  tech- 
nique, and  the  results  are  reported. 
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The  paper  shows  that  performance  equal  to  or  better 
than  the  Probabilistic  Neural  Network  (PNN)  can  be 
achieved  with  a  single  three-layer  Multilayer 
Perceptron  (MLP)  by  making  fundamental  changes  in 
the  network  optimization  strategy.  These  changes  are: 
(1)  Neuron  activation  functions  are  used  which  reduce 
the  probability  of  singular  Jacobians;  (2)  Successive 
regularization  is  used  to  constrain  volume  of  the  weight 
space  being  minimized;  (3)  Boltzmann  pruning  is  used 
to  constrain  the  dimension  of  the  weight  space;  and 
(4)  Prior  class  probabilities  are  used  to  normalize  all 
error  calculations  so  that  statistically  significant  sam- 
ples of  rare  but  important  classes  can  belncluded  with- 
out distortion  of  the  error  surface.  All  four  of  these 
changes  are  made  in  the  inner  loop  of  a  conjugate  gra- 
dient optimization  iteration  and  are  intended  to  simplify 
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the  training  dynamics  of  the  optimization.  On 
handprinted  digits  and  fingerprint  classification  prob- 
lems these  modifications  improve  error-reject  perform- 
ance by  factors  between  2  and  4  and  reduce  network 
size  by  40%  to  60%. 
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In  this  paper,  analysis  of  a  simple  model  of  recurrent 
network  dynamics  is  used  to  gain  qualitative  insights 
into  the  training  dynamics  of  multilayer  perceptrons 
(MLPs).  These  insights  allow  the  training  methods 
used  by  MLPs  to  be  modified  to  significantly  improve 
network  performance.  We  will  show  that  performance 
equal  to  or  better  than  the  Probabilistic  Neural  Network 
(PNN)  can  be  achieved  with  a  single  three-layer  MPL 
by  making  fundamental  changes  in  the  network  optimi- 
zation strategy.  These  changes  are:  (1)  Neuron  activa- 
tion functions  are  used  which  reduce  the  probability  of 
singular  Jacobians;  (2)  Successive  regularization  is 
used  to  constrain  the  volume  of  the  minimized  weight 
space;  (3)  Boltzmann  pruning  is  used  to  constrain  the 
dimension  of  the  weight  space;  and  (4)  Prior  class 
probabilities  are  used  to  normalize  all  error  calculations 
so  that  statistically  significant  samples  of  rare  but  im- 
portant classes  can  be  included  without  distorting  the 
error  surface.  All  four  of  these  changes  are  made  in 
the  inner  loop  of  a  conjugate  gradient  optimization  iter- 
ation and  are  intended  to  simplify  the  training  dynamics 
of  the  optimization.  On  handprinted  digits  and  finger- 
print classification  problems,  these  modifications  im- 
prove error-reject  performace  by  factors  between  2 
and  4  and  reduce  network  size  by  40%  to  60%. 
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This  report  describes  a  system  we  have  developed  that 
automatically  classifies  images  of  fingerprints  into  six 
pattern-level  classes.  Our  program  takes  gray-level  im- 
ages of  fingerprints  as  input,  and  for  each  fingerprint 
it  produces  a  hypothesized  classification  as  arch,  left 
loop,  right  loop,  scar,  tented  arch,  or  whorl,  as  well  as 
a  number  indicating  how  much  confidence  should  be 
assigned  to  its  classification  decision.  The  system  per- 
forms these  processing  steps:  image  segmentation; 
image  enhancement;  feature  extraction;  registration; 
application  of  a  linear  transform  that  both  applies  a  pat- 
tern of  regional  weights  and  reduces  dimensionality; 
running  of  a  main  classifier,  which  is  a  Probabilistic 
Neural  Net,  and  of  an  auxiliary  whorl-detecting  classi- 
fier that  traces  and  analyzes  pseudoridges  (approxi- 
mate trajectories  through  the  ridge  flow);  and  finally, 
the  combining  of  the  outputs  of  the  main  and  auxiliary 
classifiers  so  as  to  decide  on  a  hypothesized  class  and 
a  confidence  level. 
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The  goal  of  this  paper  is  to  present  a  critical  survey 
of  existing  literature  on  human  and  machine  recogni- 
tion of  faces.  Machine  recognition  of  faces  has  several 
applications,  ranging  from  static  matching  of  controlled 
photographs,  as  in  mug  shots  matching  and  credit  card 
verification  to  surveillance  video  images.  Over  the  last 
20  years  researchers  in  psychophysics,  neural 
sciences  and  engineering,  image  processing,  analysis 
and  computer  vision  have  investigated  a  number  of  is- 
sues related  to  face  recognition  by  humans  and  ma- 
chines. Ongoing  research  activities  hvae  been  given 
a  renewed  emphasis  over  the  last  five  years.  Existing 
techniques  and  systems  have  been  tested  on  different 
sets  of  images  of  varing  complexities. 
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Neural  network  methods  show  great  promise  for  pro- 
viding highly  accurate,  noise  resistant,  parallel  algo- 
rithms, and  data  organization  of  image  recognition. 
One  specific  area  of  image  recognition,  the  conversion 
of  images  of  hand  written  and  machine  print  characters 
to  computer  representation,  has  been  studied  in  detail 
in  the  past.  Both  special  purpose  hardware  and  soft- 
ware approaches  have  been  used  on  the  character 
recognition  problem  with  promising  results.  The 
present  work  addresses  the  problem  of  using  a  specific 
class  of  computer  architecture,  an  array  of  1024  proc- 
essors arranged  in  a  32  x  32  grid  and  operated  in  a 
parallel  mode,  as  a  neural  network  character  recogni- 
tion device. 
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In  this  paper,  the  authors  will  show  that  performance 
equal  to  or  better  than  PNN  can  be  achieved  with  a 
single  three-layer  MLP  by  making  fundamental 
changes  in  the  network  optimization  strategy.  These 
changes  are:  (1)  Neuron  activation  functions  are  used 
which  reduce  the  probability  of  singular  Jacobians;  (2) 
Successive  regularization  is  used  to  constrain  volume 
of  the  weight  space  being  minimized;  (3)  Boltzmann 
pruning  is  used  (4)  to  constrain  the  dimension  of  the 
weight  space;  and  (4)  Prior  class  probabilities  are  used 


to  normalize  all  error  calculations  so  that  statistically 
significant  samples  of  rare  but  important  classes  can 
be  included  without  distortion  of  the  error  surface.  All 
four  of  these  changes  are  made  in  the  inner  loop  of 
a  conjugate  gradient  optimization  iteration  (5)  and  are 
intended  to  simplify  the  training  dynamics  of  the  optimi- 
zation. 
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A  multiple  neural  network  system  for  handprinted  char- 
acter recognition  is  presented.  It  consists  of  a  set  of 
input  networks  which  discriminate  between  all-two- 
class  pairs,  for  example  '1'  from  '7'  and  an  output  net- 
work which  takes  the  signals  from  the  input  networks 
and  yields  a  digit  recognition  decision.  For  a  ten-digit 
classification  problem  this  requires  45  binary  decision 
machines  in  the  input  network.  The  output  stage  is  typi- 
cally a  single  trained  network.  The  neural  network 
paradigms  adopted  in  these  input  and  output  networks 
are  the  multi-layer  perceptron,  the  radial-bias  function 
network  and  the  probabilistic  neural  network.  A  simple 
majority  vote  rule  was  also  tested  in  place  of  the  output 
network.  The  various  resulting  digit  classifiers  were 
trained  on  7480  isolated  images  and  tested  on  a  dis- 
joint set  of  size  32140.  The  Karhunen-Loeve  trans- 
forms of  the  images  of  each  pair  of  two  classes  formed 
the  training  set  for  each  BDM.  Several  different  com- 
binations of  neural  network  input  and  output  structures 
gave  similar  classification  performance.  The  minimum 
error  rate  achieved  was  2.5%  with  no  rejection  ob- 
tained by  comining  a  PNN  input  array  with  an  RBF  out- 
put stage.  This  combined  network  has  an  error  rate  of 
0.7%  with  10%  rejection. 
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A  new  method  for  registering  forms  has  been  devel- 
oped at  the  National  Institute  of  Standards  and  Tech- 
nology. This  method  automatically  estimates  the 
amount  of  rotation  and  translation  in  the  image  without 
any  detailed  knowledge  of  the  form.  This  is  accom- 
plished through  the  automatic  detection  of  dominant 
vertical  and  horizontal  structures  (lines)  commonly 
found  in  forms.  A  general  method  for  rotation  esti- 
mation and  a  robust  method  for  translation  estimation 
are  presented.  Results  demonstrate  that  this  technique 
is  extremely  tolerant  to  spurious  annotations  on  the 
form  and  scanner  noise  in  the  image,  and  the  computa- 
tional requirements  of  the  utility  can  be  tuned  by  op- 
tionally choosing  to  process  and  analyze 
downsampled  versions  of  the  image.  All  3,669  Hand- 
writing Sample  Forms  distributed  with  NIST  Special 
Database  19  were  successfully  registered  with  the  new 
technique,  and  using  the  same  code,  255  uniformly  laid 
out  IRS  tax  forms  and  500  Census  miniforms  were  also 
tested  and  registered.  Every  type  of  form  contained  in 
the  numerous  NIST  (public)  form  databases  can  be 
registered  using  this  technique.  These  results  also 
demonstrate  how  easy  it  is  to  set  up  the  computer  to 
register  new  types  of  forms,  introducing  a  set-up  inter- 
face that  is  much  more  automated  and  less  tedious 
than  what  is  currently  required  to  specify  new  forms 
for  the  NIST  public  domain  Form-Based  Handprint 
Recognition  System. 
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Building  upon  the  utility  of  connected  components, 
NIST  has  designed  a  new  character  segmentor  based 
on  statistically  modeling  the  style  of  a  person's  hand- 
writing. Simple  spatial  features  (the  thickness  of  the 
pen  stroke  and  the  height  of  the  handwriting)  capture 
the  characteristics  of  a  particular  writer's  style  of  hand- 
print, enabling  the  new  method  to  maintain  a  traditional 
character-level  segmentation  philosophy  without  the 
integration  of  recognition  or  the  use  of 
oversegmentation  and  linguistic  postprocessing.  Esti- 
mates for  stroke  width  and  character  height  are  used 
to  compute  aspect  ratio  and  standard  stroke  count  fea- 
tures that  adapt  to  the  writer's  style  at  the  field  level. 
The  new  method  has  been  developed  with  a  predeter- 
mined set  of  fuzzy  rules  making  the  segmentor  much 
less  fragile  and  much  more  adaptive,  and  the  new 
method  successfully  reconstructs  fragmented  char- 
acters as  well  as  splits  touching  characters.  The  new 
segmentor  was  integrated  into  the  NIST  public  domain 
Form-Based  Handprint  Recognition  System  and  then 
tested  on  a  set  of  490  Handwriting  Sample  Forms 
found  in  NIST  Special  Database  19.  When  compared 
to  a  simple  component-based  segmentor,  the  new 
adaptable  method  improved  the  overall  recognition  of 
handprinted  digits  by  3.4%  and  field  level  recognition 
by  6.9%,  while  effectively  reducing  deletion  errors  by 
82%.  The  same  program  code  and  set  of  parameters 
successfully  segments  sequences  of  uppercase  and 
lowercase  characters  without  any  context-based  tun- 
ing. While  not  as  dramatic  as  digits,  the  recognition  of 
uppercase  and  lowercase  characters  improved  by 
1 .7%  and  1 .3%  respectively.  The  segmentor  maintains 
a  relatively  straightforward  and  logical  process  flow 
avoiding  convolutions  of  encoded  exceptions  as  is 
common  in  expert  systems.  As  a  result,  the  new 
segmentor  operates  very  efficiently,  and  throughout  as 
high  as  362  characters  per  second  can  be  achieved. 
Letters  and  numbers  are  constructed  from  a  predeter- 
mined configuration  of  a  relatively  small  number  of 
strokes.  Results  in  the  paper  show  that  capitalizing  on 
this  knowledge  through  the  use  of  simple  adaptable 
features  can  significantly  improve  segmentation, 
whereas  recognition-based  and  oversegmentation 
methods  fail  to  take  advantage  of  these  intrinsic  quality 
of  handprinted  characters. 
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To  facilitate  interoperability  between  existing  ballistic 
imaging  systems,  the  Office  of  National  Drug  Control 
Policy  (ONDCP),  the  Federal  Bureau  of  Investigation 
(FBI),  and  the  Bureau  of  Alcohol,  Tobacco,  and  Fire- 
arms (ATF)  executed  a  Memorandum  of  Understand- 
ing that  recognized,  in  part,  that  it  is  imperative  that 
the  Drugfire  and  IBIS  Ballistic  Imaging  Systems  are 
interoperable.  Further,  the  National  Institute  of  Stand- 
ards and  Technology  (NIST)  was  asked  to  provide 
technical  assistance  in  this  effort.  This  document  is  the 
first  of  a  series  of  planned  documents  that  will  specify 
the  hardware  and  software  requirements  to  permit 
interoperability  between  the  Drugfire  and  IBIS  systems 
as  specified  in  the  MOU.  This  specific  document  pro- 
vides a  complete  specification  of  hardware  require- 
ments for  capture  of  cartridge  image  and  ancillary  data 
for  each  system,  and  the  data  exchange  formats  re- 
quired for  transmitting  and  processing  information  re- 
quests. 
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Motion  cues  are  a  rich  source  of  visual  information.  Ob- 
ject boundaries  due  to  motion  parallax,  perception  of 
collision,  and  transparency  provide  crucial  information 
to  any  mobile  vision  system,  biological  or  robotic.  This 
report  presents  the  formulation,  design,  evaluation  and 
implementation  of  a  motion  algorithm  which  accurately 
and  efficiently  interprets  the  above  motion  cues. 
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The  use  of  gradiometer  antennas  for  detection  of  long 
conductors  in  tunnels  is  analyzed.  For  reception  in  ver- 
tical boreholes,  the  gradiometer  consists  of  two  vertical 
magnetic  dipoles  with  a  vertical  separation.  The  source 
is  a  vertical  magnetic  dipole  located  in  an  adjacent  ver- 
tical borehole.  Both  sum  and  difference  responses  are 
useful,  but  the  difference  response  has  the  potential 
advantage  of  suppressing  the  primary  field  and  making 
the  scattered  field  easier  to  detect.  The  difference  re- 
sponse is  most  effective  in  suppressing  the  primary 
field  for  a  parallel  scan  where  the  transmitting  antenna 
and  receiving  gradiometer  are  always  at  the  same 
height. 
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The  Systeme  International  des  Unites  (SI)  base  unit 
for  photometry,  the  candela,  has  been  realized  by 
using  absolute  detectors  rather  than  absolute  sources. 
This  change  in  method  permits  luminous  intensity  cali- 
brations of  standard  lamps  to  be  carried  out  with  a  rel- 
ative expanded  uncertainty  (coverage  factor  k=2,  and 
thus  a  2  standard  deviation  estimate)  of  0.46%,  almost 
a  factor-of-two  improvement.  A  group  of  eight  ref- 
erence photometers  has  been  constructed  with  silicon 
photodiodes,  matched  with  filters  to  mimic  the  spectral 
luminous  efficiency  function  for  photopic  vision.  The 
wide  dynamic  range  of  the  photometers  aid  in  their  cali- 
bration. The  components  of  the  photometers  were 
carefully  measured  and  selected  to  reduce  the  sources 
of  error  and  to  provide  baseline  data  for  aging  studies. 
Periodic  remeasurement  of  the  photometers  indicate 
that  a  yearly  recalibration  is  required.  The  design,  char- 
acterization, calibration,  evaluation,  and  application  of 
the  photometers  are  discussed. 
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The  authors  describe  how  the  National  Institute  of 
Standards  and  Technology  obtains  a  scale  of  absolute 
spectral  response  from  406  nm  to  920  nm.  This  scale 
of  absolute  spectral  response  is  based  solely  on  detec- 
tor measurements  traceable  to  the  NIST  High  Accu- 
racy Cryogenic  Radiometer  (HACR).  Silicon 
photodiode  light-trapping  detectors  are  used  to  transfer 
optical  power  measurements  from  the  HACR  to  a 
monochromator-based  facility  where  routine  measure- 
ments are  performed.  The  transfer  also  involves  mod- 
eling the  quantum  efficiency  (QE)  of  the  silicon 
photodiode  light-trapping  detectors.  The  authors  de- 
scribe their  planned  quality  system  for  these  measure- 
ments that  follows  ANSI/NCSL  Z540-1-1994.  A  sum- 
mary of  current  NIST  capabilities  based  on  these 
measurements  is  also  given. 
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Spectral  irradiance  calibration  often  require  that  irradi- 
ance standard  lamps  be  oriented  differently  than  the 
normal  calibration  orientation  used  at  the  National  In- 
stitute of  Standards  and  Technology  and  at  other 
standards  laboratories.  For  example,  in  solar  measure- 
ments the  instruments  are  generally  upward  viewing, 
requiring  horizontal  working  standards  for  minimization 
of  irradiance  calibration  uncertainties.  To  develop  a 
working  standard  for  use  in  a  solar  ultraviolet 
intercomparison.  NIST  determined  the  irradiance  of 
quartz-halogen  lamps  operating  in  the  horizontal  posi- 
tion, rather  than  in  the  customary  vertical  position.  An 
experimental  technique  was  developed  which  relied 
upon  equivalent  lamps  with  independent  mounts  for 
each  orientation  and  a  spectroradiometer  with  an  inte- 
grating sphere  whose  entrance  port  could  be  rotated 
90  degrees  to  view  either  lamp  position. 
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Development  of  the  Ion  Exchange-Gravimetric 
Method  for  Sodium  in  Serum  as  a  Definitive  Meth- 
od. 

J.  R.  Moody,  and  T.  W.  Vetter.  1996,  10p. 
Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v101  n2  p1 55-1 64  Mar/ 
Apr  96. 

Keywords:  "Human  serum,  "Gravimetry,  "Definitive 
method,  Accuracy,  Instrumental  determination,  Ion-ex- 
change, Repeatability,  Sodium,  Uncertainty,  Reprints. 

An  ion  exchange-gravimetric  method,  previously  de- 
veloped as  a  National  Committee  for  Clinical  Labora- 
tory Committee  for  Clinical  Laboratory  Standards 
(NCCLS)  reference  method  for  the  determination  of  so- 
dium in  human  serum,  has  been  re-evaluated  and  im- 
proved. Sources  of  analytical  error  in  this  method  have 
been  examined  more  critically  and  the  overall  uncer- 
tainties decreased.  Additionally,  greater  accuracy  and 
repeatability  have  been  achieved  by  the  application  of 
this  definitive  method  to  a  sodium  chloride  reference 
material. 
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Evidence  That  Voltage  Rather  Than  Resistance  is 
Quantized  in  Breakdown  of  the  Quantum  Hall  Ef- 
fect. 

M.  E.  Cage.  1996,  6p. 

Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v101  n2  p1 75-1 80  Mar/ 
Apr  96. 

Keywords:  "Breakdown,  "Quantized  dissipation,  Re- 
sistance states,  Voltage  states,  Hall  effect,  Level  scat- 
tering, Electron  gas,  Reprints. 

Quantized  longitudinal  voltage  drops  are  observed 
along  a  length  of  a  GaAs/AIGaAs  heterostructure 
quantum  Hall  effect  device  at  applied  currents  large 
enough  for  the  device  to  be  in  the  breakdown  regime. 
The  range  of  currents  is  extensive  enough  to  dem- 
onstrate that  it  is  the  longitudinal  voltage  that  is  quan- 
tized, rather  than  the  longitudinal  resistance.  A  black- 
box  and  a  quasi-elastic  inter-Landau  level  scattering 
(QUILLS)  model  are  then  employed  to  calculate  the 
fraction  of  electrons  making  transitions  into  higher  Lan- 
dau levels,  the  transition  rates,  and  the  maximum  elec- 
tric field  across  the  device. 
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Developing  Quality  System  Documentation  Based 
on  ANSI/NCSL  Z540-1-1994:  The  Optical  Tech- 
nology Division's  Effort. 

S.  S.  Bruce,  and  T.  C.  Larason.  Aug  96,  58p, 

NISTIR-5866. 

See  also  PB95-1 03461. 

Keywords:  "Quality  assurance,  "Absolute  spectral  re- 
sponse, "Calibration,  Optical  measuring  instruments, 
Photometers,  Spectroradiometers,  Optical  detectors, 
Optical  properties,  Radiance,  Test  facilities, 
ISO(lnternational  Standards  Organization),  Inter- 
national Standards  Organization  4000,  ANSI/NCSL 
Z540-1-1994. 

The  Optical  Technology  Division,  formerly  known  as 
the  Radiometric  Physics  Division,  at  the  National  Insti- 
tute of  Standards  and  Technology  (NIST)  began  a 
project  in  1993  to  develop  a  quality  system  that  is 
based  on  the  American  National  Standard  for  Calibra- 
tion -  Calibration  Laboratories  and  Measuring  and  Test 
Equipment,  ANSI/NCSL  Z540-1-1994.  This  document 
is  intended  to  complement  the  NCSL  'Handbook  for  the 
Interpretation  and  Application  of  ANSI/NCSL  Z540-1- 
1 994'  and  to  provide  guidance  to  other  calibration  serv- 
ices at  NIST,  particularly  those  starting  to  develop  their 
quality  systems.  The  appendix  of  this  publication  con- 
tains a  reprint  of  a  paper  entitled,  'Building  a  Quality 
System  Based  on  ANSI/NCSL  Z540-1-1994  An  Effort 
by  the  Radiometric  Physics  Division  at  NIST. 
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RangeCAD  and  the  NIST  RCS  Uncertainty  Analy- 
sis. 

R.  L  Lewis,  L.  A.  Muth,  and  R.  C.  Wittmann.  Aug  94, 
18p,  NISTIR-5022. 

Keywords:  "Uncertainty,  "Error  analysis,  "Radar  cross 
sections,  Calibration,  Radar  signals,  Noise(Radar), 
Amplitude,  Estimation,  Mathematical  models,  Range 
CAD  computer  program. 

We  discuss  the  salient  features  of  a  computer  pro- 
gram, RangeCAD,  and  then  translate  the  program's 
output  into  a  catalogue  of  radar  cross  section  (RCS) 
uncertainties.  This  specific  catalogue  was  developed 
by  the  National  Institute  of  Standards  and  Technology 
(NIST)  to  standardize  RCS  uncertainty  computations 
at  the  various  RCS  measurement  sites.  We  check  un- 
certainty estimates  generated  by  RangeCAD  against 
alternative  formulations  that  approximate  equivalent 
uncertainty  specifications.  Based  on  this  comparison, 
we  conclude  that  the  uncertainty  estimates  generated 
by  RangeCAD  provide  realistic  values  for  the  NIST 
RCS  uncertainty  analysis. 
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PB95-203568       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Boulder,  CO.  Electromagnetic  Fields  Div. 
Proposed  Analysis  of  RCS  Measurement  Uncer- 
tainty. 
Final  rept. 

R.  C.  Wittmann,  M.  H.  Francis,  L.  A.  Muth,  and  R.  L. 
Lewis.  1994,  7p. 

Pub.  in  Proceedings  of  the  Antenna  Measurement 
Techniques  Association  Symposium,  Long  Beach, 
CA.,  October  3-7, 1994,  p51-57. 

Keywords:  "Radar  cross  sections,  Measurement,  Un- 
certainty, Errors,  Reprints. 

From  a  study  of  several  radar  cross  section  (RCS) 
measurement  facilities,  we  identify  significant  sources 
of  uncertainty  and  develop  methods  for  estimating  their 
effect.  Our  goal  is  to  provide  a  'reasonable'  and  uni- 
form formalism  for  evaluating  RCS  measurements 
which  can  be  used  on  a  variety  of  test  ranges  to 
produce  comparable  estimates  of  uncertainty. 
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Polarimetric  Calibration  of  Reciprocal-Antenna  Ra- 
dars. 

R.  L.  Lewis,  L.  A.  Muth,  and  R.  C.  Wittmann.  Mar  95, 
24p,  NISTIR-5033. 

Keywords:  "Radar  cross  sections,  Radar  antennas, 
Radar  targets,  Error  analysis,  Depolarization,  Calibra- 
tion, "Radar  polarimetry,  Measurement  uncertainty, 
Reciprocity. 

We  discussed  how  radar  target  depolarization  en- 
hances a  radar's  cross  polarization  contamination,  and 
we  dramatize  the  effect  by  presenting  a  graphical  study 
of  radar  cross  section  (RCS)  measurement  error  due 
to  depolarization  by  an  inclined  dihedral  reflector. 
Since  error  mitigation  requires  full  polarimetric  RCS 
measurements,  we  recommend  upgrading  singly  po- 
larized radars  to  full  polarimetric  capability.  We  present 
a  novel  polarimetric  calibration  technique  that  is  appli- 
cable to  reciprocal  antenna  radars,  saves  calibration 
time  by  requiring  a  single  calibration  target,  uses  sim- 
ple mathematical  expressions,  and  smoothes  meas- 
ured calibration  data  to  reduce  clutter. 
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National  Inst,  of  Standards  and  Technology  (EEEL), 
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Electronics  and  Electrical  Engineering  Laboratory 
1994  Program  Plan:  Supporting  Technology  for 
U.S.  Competitiveness  in  Electronics. 

J.  M.  Surette.  Dec  93,  184p,  NISTIR-5337. 
See  also  PB93-228625  and  PB94-1 61 320. 

Keywords:  "Electrical  measurement,  "Electronics  in- 
dustry, Semiconductor  devices,  Electric  equipment, 
Optoelectronic  devices,  Microwave  equipment,  Optical 
fibers,  Electromagnetic  compatibility, 

Superconductors,  Metrology,  Competitiveness,  US 
NIST. 

The  Electronics  and  Electrical  Engineering  Laboratory 
(EEEL),  working  in  concert  with  other  NIST  Labora- 
tories, is  providing  measurement  and  other  generic 
technology  critical  to  the  competitiveness  of  the  U.S. 
electronics  industry  and  the  U.S.  electrical-equipment 
industry.  This  1994  Program  Plan  describes  the  pro- 
jected metrological  support  that  EEEL  intends  to  pro- 
vide to  U.S.  industry. 
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PB94-161320       PC  A04/MF  A01 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Gaithersburg,  MD. 

Electronics  and  Electrical  Engineering  Laboratory: 
1994  Strategic  Plan.  Supporting  Technology  for 
U.S.  Competitiveness  in  Electronics. 

R.  M.  Powell.  Apr  94,  70p,  NISTIR-5409. 
See  also  PB92-1 23082. 

Keywords:  "Electrical  measurement,  Electronics  indus- 
try, Optical  communication,  Semiconductor  devices, 
Microwave  equipment,  Video  equipment,  Optical  proc- 
essing, Signal  processing,  Optical  storage,  Magnetic 
storage,  Electric  power.  Integrated  optics,  Optical  fi- 
bers, Electromagnetic  compatibility,  Metrology,  Stand- 
ards, Superconductors,  Electronics  and  Electrical  En- 
gineering Laboratory,  Competitiveness,  US  NIST, 
Fiber  optic  sensors. 

The  U.S.  electronics  and  electrical-equipment  indus- 
tries are  outstripping  available  measurement  capability 
with  adverse  effects  on  their  international  competitive- 
ness. Improved  measurement  support  is  an  essential 
part  of  any  successful  strategy  for  improving  their  com- 
petitiveness. Among  U.S.  manufacturing  industries, 
the  electronics  industry  is  the  largest  employer  with  1 .8 
million  employees  and  is  virtually  tied  with  the  chemical 
industry  for  largest  shipments  of  nearly  $300  billion 
(1992).  The  electrical-equipment  industry  is  also  quite 
large,  with  shipments  of  nearly  $50  billion  (1990).  U.S. 
competitiveness  in  many  fields  of  electronic  and  elec- 
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trical  products  has  been  declining.  Improved  competi- 
tiveness will  require  outstanding  performance  from 
manufacturers  in  every  step  required  to  realize  a  com- 
petitive product  in  the  marketplace:  research  and  de- 
velopment, manufacturing,  marketplace  exchange, 
and  after-sales  support.  All  of  these  steps  are  highly 
measurement  intensive.  The  Electronics  and  Electrical 
Engineering  Laboratory  (EEEL),  within  the  National  In- 
stitute of  Standards  and  Technology,  has  identified  the 
principal  needs  for  improved  measurement  capability 
and  other  supporting  technology  in  several  important 
fields:  semiconductors,  magnetics,  superconductors, 
low  frequency,  microwaves,  lightwaves,  power,  video, 
electromagnetic  compatibility,  electronic  data  ex- 
change, and  national  electrical  standards.  The  docu- 
ment describes  EEEL's  strategic  plan  for  a  response 
to  these  needs.  The  plan  was  developed  in  consulta- 
tion with  U.S.  industry  and  other  NIST  Laboratories. 
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Bibliography  of  the  NIST  Electromagnetic  Fields 

Division  Publications. 

R.  M.  Lyons,  and  K.  A.  Gibson.  Aug  92,  108p, 

NISTIR-3993. 

Supersedes  PB94-1 1 2547. 

Keywords:  "Electromagnetic  fields,  "Bibliographies, 
"US  NIST,  Electrical  measurement,  Dielectric  prop- 
erties, Electromagnetic  interference,  Electromagnetic 
noise,  Remote  sensing,  Time  domain,  Radiation,  Im- 
pedance, Attenuation,  Radiation  hazards,  Antennas, 
Near  fields,  Metrology,  Waveforms,  Microwaves, 
Standards,  "Nonionizing  radiation. 

The  bibliography  lists  the  publications  by  the  staff  of 
the  Electromagnetic  Fields  Division  of  the  National  In- 
stitute of  Standards  and  Technology  for  the  period  Jan- 
uary 1970  through  July  1992.  It  supersedes  NISTIR 
3973  which  listed  the  publications  of  the  Electro- 
magnetic Fields  Division  from  January  1970  through 
July  1991.  Selected  earlier  publications  from  the  Divi- 
sion's predecessor  organizations  are  included. 
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National  Inst,  of  Standards  and  Technology  (IMSE), 

Gaithersburg,  MD.  Ceramics  Div. 

Dielectric  Properties  Measurements  and  Data. 

Final  rept. 

J.  A.  Carpenter.  1991,  11  p. 

Pub.  in  Materials  Research  Society  Symposia  Pro- 
ceedings, V189  p477 -487  1991. 

Keywords:  Dielectric  properties,  Minerals,  Polymers, 
Solids,  Ceramics,  Microwave  frequencies,  Reprints, 
"Dielectric  measurements. 

This  paper  reviews  measurement  techniques  and 
sources  of  data  for  the  dielectric  constant  and  loss  fac- 
tor of  solid  materials.  Accurate  values  of  such  prop- 
erties are  basic  to  intelligent  design  of  materials  proc- 
essing schemes  using  electromagnetic  energy.  Em- 
phasis is  on  techniques  and  data  for  these  properties 
in  the  'microwave'  range  of  frequencies  of  roughly 
10(sup  8)  to  10(sup  11)  Hz  and  at  elevated  tempera- 
tures. 
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PB94-1 85410       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Boulder,  CO.  Electromagnetic  Fields  Div. 
Time-Domain    Measurements   of   the  Electro- 
magnetic Backscatter  of  Pyramidal  Absorbers  and 
Metallic  Plates. 
Final  rept. 

R.  T.  Johnk,  A.  Ondrejka,  S.  Tofani,  and  M.  Kanda. 
1993,  5p. 

Pub.  in  Institute  of  Electrical  and  Electronics  Engineers 
Transactions  on  Electromagnetic  Compatibility  35,  n4 
p429-433  Nov  93. 

Keywords:  "Electromagnetic  scattering,  Electro- 
magnetic measurement,  Very  high  frequency,  Ultra- 
high frequency,  MHz  range  01-100,  MHz  range  100- 
1,  000,  Absorbers(Materials),  Time  domain,  Metal 
plates,  Backscattering,  Microwave  scattering, 
Broadband,  Pyramids,  Reprints. 

A  wideband  time-domain  measurement  system  has 
been  developed  for  the  evaluation  of  the  backscatter 
performance  of  dissipative  macrostructures. 
Backscatter  measurements  have  been  performed  in  an 
ordinary  room  environment  on  metal  plates  as  well  as 


samples  of  pyramidal  absorbing  material.  The 
backscattering  performance  of  pyramidal  absorbers  is 
evaluated  in  the  50-  to  1,000  MHz  frequency  range 
with  a  varying  incident  field  angle  of  incidence.  In  the 
case  of  rectangular  metal  plates,  numerically  gen- 
erated results  are  compared  with  measured  data  in 
order  to  gauge  the  accuracy  of  the  system. 
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Approach  to  Setting  Performance  Requirements 

for  Automated  Evaluation  of  the  Parameters  of 

High-Voltage  Impulses. 

Final  rept. 

T.  R.  McComb,  C.  Cherbaucich,  L.  Coffen,  E. 
Hanique,  K.  Lehmann,  J.  McBride,  J.  J.  Ribot,  G. 
Rizzi,  P.  Vaessen,  W.  Zaengl,  M.  F.  Deschamps,  and 
G.  J.  FitzPatrick.  1993,  4p. 

Pub.  in  Proceedings  of  the  International  Symposium  on 
High  Voltage  Engineering  (8th),  Yokohama,  Japan, 
August  23-27,  1993,  p309-312. 

Keywords:  "High  voltage,  "Waveforms,  "Signal  proc- 
essing, Wave  analyzers,  Pulse  analyzers,  Automation, 
Performance  evaluation,  Computer  applications,  Data 
bases,  Reprints. 

This  paper  reports  the  present  status  of  an  ongoing 
study  of  digital  signal  processing  applied  to  various  im- 
pulse waveforms.  In  a  round-robin  study,  twelve  lab- 
oratories are  using  their  own  software  to  evaluate  the 
parameters  of  impulse  waveforms  in  a  data  base  of 
thirty-one  waveforms  with  the  objective  of  establishing 
minimum  performance  requirements.  This  paper  pre- 
sents the  results  obtained  for  smooth  full  impulses  and 
some  examples  of  results  on  more  complex  wave- 
forms. 
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Reproducibility  of  JEDEC  Standard  Current  and 

Voltage  Ramp  Test  Procedures  for  Thin-Dielectric 

Breakdown  Characterization. 

Final  rept. 

J.  S.  Suehle.  1993,  13p. 

Pub.  in  Proceedings  of  the  International  Integrated  Re- 
liability Workshop,  Lake  Tahoe,  CA.,  October  24-27, 
1993,  p22-34. 

Keywords:  "Dielectric  breakdown,  "Electrical  measure- 
ment, Interlaboratory  comparisons,  Integrated  circuits, 
Electric  fields,  Charge  density,  Reproducibility,  Test 
methods,  Reprints,  JEDEC. 

Six  laboratories  and  a  reference  laboratory  participated 
in  an  interlaboratory  experiment  that  was  conducted  to 
determine  the  reproducibility  of  breakdown  electric 
field,  E(BR),  and  breakdown  charge  density,  q(bd), 
measurements  using  the  JEDEC  standard  voltage  and 
current  ramp  dielectric  test  procedures.  The  results  in- 
dicate that  the  measurement  of  E(BR)  is  much  more 
reproducible  than  q(bd).  Much  of  the  variability  in  the 
q(bd)  measurements  was  found  to  be  due  to  an  al- 
lowed range  of  values  that  could  be  chosen  for  a  pa- 
rameter in  the  current  ramp  procedure.  When  this 
source  of  variability  is  accounted  for,  the  results  indi- 
cate that  the  standard  test  procedures  can  be  imple- 
mented to  obtain  critical  dielectric  integrity  parameters 
with  good  reproducibility  for  a  large  variety  of  test 
equipment. 
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Coaxial  Reference  Standard  for  Microwave  Power. 

Technical  note. 

F.  R.  Clague,  and  P.  G.  Voris.  Apr  93,  54p,  NIST/TN- 
1357. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03213-1. 

Keywords:  "Power  measurement,  "Microwaves, 
"Standards,  Coaxial  cables,  Calibration,  Performance, 
Design,  "Reference  standards,  "Bolometer  mounts, 
"Thermistor  mounts. 

Design  and  construction  details  are  given  for  the  bo- 
lometer (thermistor)  mounts  used  by  NIST  as  working 
reference  standards  for  microwave  power  calibrations 
in  coaxial  transmission  line.  The  effective  efficiency  of 
these  reference  standards  can  be  measured  directly 


in  the  NIST  coaxial  microcalorimeters.  The  standards 
are  then  used  to  calibrate  other  microwave  power  sen- 
sors. Two  versions  are  described:  one  with  a  Type  N 
connector  and  one  with  an  APC-7  connector.  The  op- 
erating frequency  range  is  0.05  to  18  GHz  with  either 
connector.  Detailed  drawings  and  performance  meas- 
urements are  included. 
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National  Inst,  of  Standards  and  Technology  (EEEL), 
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Realizing  Suspended  Structures  on  Chips  Fab- 
ricated by  CMOS  Foundry  Processes  Through  the 
MOSIS  Service. 

J.  Marshall,  M.  Gaitan,  M.  Zaghloul,  J.  I.  Pi,  C.  Pina, 
W.  Hansford,  D.  Novotny,  and  V.  Tyree.  Jun  94,  60p, 
NISTIR-5402. 

Prepared  in  cooperation  with  George  Washington 
Univ.,  Washington,  DC.  School  of  Engineering  and  Ap- 
plied Science,  and  University  of  Southern  California, 
Marina  del  Rey.  Information  Sciences  Inst. 

Keywords:  Chips(Electronics),  Etching,  Wafers,  Tiles, 
Design,  Silicon,  CMOS,  Hazards,  "Micromachining, 
Microelectromechanics,  MOSIS. 

Chips  can  be  inexpensively  fabricated  at  Complemen- 
tary Metal-Oxide  Semiconductor  (CMOS)  foundries 
through  the  MOSIS  (MOSIS  is  an  acronym  for  'MOS 
Implementation  System')  Service  at  the  University  of 
Southern  California's  Information  Sciences  Institute. 
MOSIS  now  supports  CMOS-compatible 
micromachining  to  realize  microelectromechanical  sys- 
tems (MEMS)  and  devices  such  as  suspended  cor- 
ners, cantilevers,  and  pixels.  The  MEMS  designs  are 
fabricated  through  MOSIS  on  a  multi-project  wafer, 
and  the  user  performs  a  post-processing  maskless  an- 
isotropic etch.  Two  new  design  tiles  called  'open'  and 
'pstop'  have  been  added  to  support  these  designs. 
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President's  Column  for  Dielectrics  and  Electrical 

Insulation  Society  Newsletter. 

Final  rept. 

A.  H.  Cookson.  1993,  1p. 

Pub.  in  EE  Electrical  Insulation  Magazine  9,  n3  and  5, 
May/Jun  93. 

Keywords:  Planning,  Reprints,  "Dielectrics  and  Elec- 
trical Insulation  Society. 

A  summary  of  plans  for  the  coming  year,  for  the 
Dielectrics  and  Electrical  Insulation  Society,  is  given. 
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This  is  the  fortieth  issue  of  a  quarterly  publication  pro- 
viding information  on  the  technical  work  of  the  National 
Institute  of  Standards  and  Technology  Electronics  and 
Electrical  Engineering  Laboratory  (EEEL).  This  issue 
of  the  EEEL  Technical  Publication  Announcements 
covers  the  first  quarter  of  calendar  year  1994.  This 
issue  contains  citations  and  abstracts  for  Laboratory 
publications  published  in  the  quarter.  Main  topic  areas 
include:  Fundamental  Electrical  Measurements;  Semi- 
conductor Microelectronics;  Signal  Acquisition,  Proc- 
essing, and  Transmission;  Electrical  Systems;  Electro- 
magnetic Interference;  Additional  Information. 
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Sources  of  Uncertainty  in  a  DVM-Based  Measure- 
ment System  for  a  Quantized  Hall  Resistance 
Standard. 

K.  C.  Lee,  M.  E.  Cage,  and  P.  S.  Rowe.  1994,  14p. 
Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v99  n3  p227-240  May/ 
Jun94. 

Keywords:  'Resistors,  "Standards,  'Calibrating, 
Voltmeters,  Electrical  resistance  meters,  Hall  effect, 
Drift(lnstrumentation). 

The  paper  describes  a  simple  automated  measure- 
ment system  that  uses  a  single,  high  accuracy,  com- 
mercially available  digital  voltmeter  (DVM)  to  compare 
the  voltages  developed  across  a  10  kilohm  standard 
resistor  and  a  quantized  Hall  resistor  when  the  same 
current  is  passed  through  the  two  devices.  From  these 
measurements,  the  value  of  the  10  kilohm  standard  re- 
sistor is  determined.  The  sources  of  uncertainty  in  this 
system  are  analyzed  in  detail  and  it  is  shown  that  it 
is  possible  to  perform  calibrations  with  relative  com- 
bined standard  uncertainties  less  than  0.1  ppm. 
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Three-Axis  Coil  Probe  Dimensions  and  Uncertain- 
ties during  Measurement  of  Magnetic  Fields  from 
Appliances. 

M.  Misakian,  and  C.  Fenimore.  1994,  7p. 
Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v99  n3  p247-253  May/ 
Jun94. 

Keywords:  'Electric  appliances,  'Magnetic  fields, 
'Probability  theory,  Coils,  Computation. 

Comparisons  are  made  between  the  average  magnetic 
flux  density  for  a  three-axis  circular  coil  probe  and  the 
flux  density  at  the  center  of  the  probe.  The  results, 
which  are  determined  assuming  a  dipole  magnetic 
field,  provide  information  on  the  uncertainty  associated 
with  measurements  of  magnetic  fields  from  some  elec- 
trical appliances  and  other  electrical  equipment.  The 
present  investigation  extends  an  earlier  treatment  of 
the  problem,  which  did  not  consider  all  orientations  of 
the  probe.  A  more  comprehensive  examination  of  the 
problem  leaves  unchanged  the  conclusions  reached 
previously. 
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Supersedes  PB94-1 65990. 

Keywords:  'Electromagnetic  fields,  'Bibliographies, 
Electrical  measurement,  Dielectric  properties,  Electro- 
magnetic interference,  Electromagnetic  noise,  Radi- 
ation hazards,  Remote  sensing,  Time  domain,  Near 
field,  Microwaves,  Metrology,  Attenuation,  Waveforms, 
Standards,  Impedance,  Antennas,  Nonionizing  radi- 
ation, US  NIST. 

This  bibliography  lists  the  publications  by  the  staff  of 
the  Electromagnetic  Fields  Division  of  the  National  In- 
stitute of  Standards  and  Technology  for  the  period  Jan- 
uary 1970  through  July  1994.  It  supersedes  NISTIR 
5009  which  listed  the  publications  of  the  Electro- 
magnetic Fields  Division  from  January  1970  through 
July  1993.  Selected  earlier  publications  from  the  Divi- 
sion's predecessor  organizations  are  included. 

01,887 

PB95-1 44309       PC  A06/MF  A02 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Gaithersburg,  MD. 

Electronics  and  Electrical  Engineering  Laboratory 
1994  Technical  Accomplishments  Supporting 
Technology  for  U.S.  Competitiveness  in  Elec- 
tronics. 

Special  pub. 

Dec  94,  102p,  NISTIR-5551. 
See  also  PB94-1 36777. 
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urement, Semiconductor  devices,  Technology  transfer, 
Research  projects,  Commercial  development,  Organi- 


zational structure,  US  NIST,  EEEL(Electronics  and 
Electrical  Engineering  Laboratory). 

The  Electronics  and  Electrical  Engineering  Laboratory 
(EEEL),  working  in  concert  with  other  National  Institute 
of  Standards  and  Technology  (NIST)  Laboratories,  is 
providing  measurements  capability  and  other  generic 
technology  critical  to  the  competitiveness  of  the  U.S. 
electronics  industry  and  the  U.S.  electrical-equipment 
industry.  This  report  summarizes  selected  technical 
accomplishments  and  describes  activities  conducted 
by  the  Laboratory  in  Fiscal  Year  1994.  Also  included 
is  a  profile  of  EEEL's  organization,  its  customers,  and 
the  Laboratory's  long-term  goals. 
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Performance  Evaluation  of  a  New  Digital  Partial 

Discharge  Recording  and  Analysis  System. 

Final  rept. 
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Keywords:  'Digital  recording  systems,  'Electrical  insu- 
lation, Epoxy  matrix  composites,  Performance  evalua- 
tion, Personal  computers,  Stochastic  processes,  Real 
time,  Digitizers,  Reprints,  'Partial  discharges. 

We  describe  the  design  and  performance  evaluation 
of  a  new  digital  partial  discharge  (PD)  recording  sys- 
tem capable  of  real-time  recording  of  PD  pulse  trains 
for  later  off-line  computerized  stochastic  analysis.  By 
way  of  illustration,  measurements  were  made  of  the 
time-varying  stochastic  behavior  of  ac-generated  PDs 
in  point-to-dielectric  gaps  in  air  where  the  insulation 
material  was  cast  epoxy  with  aluminum  oxide  filler,  ex- 
tending the  work  reported  previously.  Sample  analysis 
results  are  presented,  demonstrating  that  the  new  sys- 
tem provides  analysis  results  comparable  with  the  re- 
sults achieved  by  the  existing  NIST  analog  PD 
stochastic  analysis  system.  Sample  stochastic  analy- 
sis results  are  presented  demonstrating  the  additional 
insights  possible  with  the  new  system. 
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Electrical  Breakdown  in  Transformer  Oil  in  Large 

Gaps. 
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K.  L.  Stricklett,  D.  M.  Weidenheimer,  N.  R.  Pereira, 
and  D.  C.  Judy.  1992,  7p. 

Sponsored  by  Defense  Nuclear  Agency,  Washington, 
DC.  and  Department  of  Energy,  Washington,  DC. 
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Keywords:  'Electric  discharges,  'Dielectric  breakdown, 
'Pulse  transformers,  'Spark  gaps,  Shadowgraph  pho- 
tography, Electric  fields,  High  speed  photography, 
Pulses,  Switches,  Reprints. 

The  Aurora  accelerator  uses  four  parallel  Blumlein 
pulse-forming  lines  to  provide  an  intense  flash  x-ray 
pulse.  Proper  timing  of  the  pulses  generated  by  each 
Blumlein  is  important  to  the  quality  of  the  radiation.  The 
pulse  on  each  Blumlein,  and  the  synchronization  be- 
tween the  Blumleins  are  affected  by  the  closure  of 
high-voltage  triggered  oil  switches  in  each  line.  The 
triggered  oil  switch  utilizes  a  uniform  field  geometry 
with  a  gap  spacing  between  40  and  50  cm,  a  unique 
environment  for  observation  of  arc  development  in 
transformer  oil.  High-speed  photography  of  switch  clo- 
sure shows  timing  to  be  influenced  by  the  initiation  and 
spatial  development  of  prebreakdown  streamers. 
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Starting  on  January  1,  1990,  new  representations  of 
the  volt  and  ohm  based  on  the  Josephson  and  quan- 
tum Hall  effects,  respectively,  are  to  come  into  effect 
worldwide.  Implementation  of  the  new  representations 
in  the  U.S.  requires  that  on  this  date,  the  value  of  the 
present  national  representation  of  the  volt  maintained 
at  the  National  Institute  of  Standards  and  Technology 
(NIST)  be  increased  by  9.264  parts  per  million  (ppm) 
and  that  the  value  of  the  national  representation  of  the 
ohm  maintained  at  NIST  be  increased  by  1.69  ppm. 
The  resulting  increases  in  the  U.S.  representations  of 
the  ampere  and  watt  will  be  about  7.57  ppm  and  16.84 
ppm,  respectively. 
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A  wide-band  time-domain  reflectometer  has  been  used 
to  evaluate  the  bistatic  performance  of  the  scattering 
coefficient  of  rf/microwave  absorbers.  The  scattering 
coefficient  has  been  measured  inside  an  anechoic 
chamber  in  the  30-1000  MHz  frequency  range  in  the 
case  of  specular  reflection.  The  scattering  coefficient 
increases  with  incidence  angle,  and  the  measurement 
accuracy  is  +  or-2dB. 
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A  technique  for  improving  the  evaluation  of  the 
microcalorimeter  portion  of  a  coaxial  microwave  power 
standard  is  described.  The  evaluation  results  in  a  fac- 
tor that  corrects  for  varying  thermal  paths  and  losses. 
This  technique  allows  major  components  of  the  correc- 
tion factor  to  be  determined  by  direct  measurement, 
rather  than  estimated  indirectly. 
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A  ferrite-loaded  composite  medium  is  modeled  by 
spherical  inclusions  spaced  equally  on  a  cubic  lattice 
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within  a  host  matrix.  Both  the  inclusions  and  host  ma- 
trix may  be  magnetically  permeable  and  possess  di- 
electric and  magnetic  loss.  The  ferrite-loaded  medium 
may  be  considered  to  consist  of  excited  Hertzian  elec- 
tric and  magnetic  dipole  sources.  Effective  medium 
rules  of  a  modified  Maxwell-Garnett  form  can  be  de- 
rived by  analysis  of  plane-wave  propagation  through 
the  composite.  These  rules  do  not  yield  symmetric 
characterization  of  two-phase  media.  They  are  com- 
pared with  other  effective  medium  theories  (Lorentz- 
Lorenz,  Maxwell-Garnett,  and  Bruggeman)  and 
broadband  coaxial  transmission  line  data  measured  on 
ferrite-loaded  titanates  of  known  composition.  The 
modified  Maxwell-Garnett  rules  give  both  lower  and 
upper  bounds  for  the  effective  permittivities  and 
permeabilities  of  the  composite  and  yield  accurate  esti- 
mates of  bulk  electric  and  magnetic  properties  for  low 
volumetric  inclusion  loading.  The  Bruggeman  formal- 
ism yields  the  best  predicitive  permittivity  and  per- 
meability values  when  volumetric  percentages  of  the 
inclusions  and  host  matrix  are  approximately  equal. 
Generally,  maximal  magnetic  loss  factors  occur  at  a 
frequency  where  the  static  initial  permeability  de- 
creases by  a  factor  of  one-half,  and  the  relaxation 
fequency  for  ferrite  composites  increases  with  de- 
creasing static  initial  permeability. 
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The  Electronics  and  Electrical  Engineering  Laboratory 
(EEEL),  working  in  concert  with  other  National  Institute 
of  Standards  and  Technology  (NIST)  laboratories,  is 
providing  measurement  and  other  generic  technology 
critical  to  the  competitiveness  of  the  U.S.  electronics 
industry  and  the  U.S.  electrical-equipment  industry. 
This  1995  Program  Plan  describes  the  projected 
metrological  support  that  EEEL  intends  to  provide  to 
U.S.  industry. 
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This  paper  describes  the  NIST  standards  of  the  ac-dc 
difference  for  current  and  the  results  of  a  study  under- 
way to  extend  the  frequency  range  down  to  10  Hz  and 
up  to  100  kHz. 
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Full  calibration  support  for  multirange  instruments  can 
be  costly  and  time  consuming.  This  paper  presents  a 
case  study  in  which  a  new  empirical-model-based  ap- 
proach was  used  to  substantially  reduce  the  number 


of  tests  required  to  fully  characterize  an  instrument. 
The  Fluke  792A  Thermal  Transfer  Standard  was  the 
subject  instrument  for  the  study.  Test  results  showed 
that  measurements  made  at  50  test  points  were  suffi- 
cient to  allow  accurate  predictions  of  the  instrument's 
performance  at  all  255  test  points  specified  by  the 
manufacturer.  An  accurate  model  relating  ac/dc  dif- 
ference to  voltage  and  frequency  for  the  instrument 
was  formulated  using  complete  test  data  for  many  de- 
vices collected  by  the  manufacturer  over  several  pro- 
duction runs.  An  empirical  test  point  selection  proce- 
dure was  used  to  select  an  optimal  set  of  test  points 
and  subsequently  to  predict  the  ac/dc  differences  of 
other  792As  based  on  the  limited  set  of  measurements 
taken  at  the  selected  test  points. 
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An  approximate  squared-magnitude  function  is  derived 
from  a  given  measured  cw  amplitude  response  to  char- 
acterize an  unknown  linear  system.  Various  possible 
system  transfer  functions  (both  amplitude  and  phase) 
and  the  corresponding  impulse  responses  are  then  de- 
duced. These  transfer  functions  may  or  may  not  be 
minimum  phase.  The  first  impulse  maximum  and  accu- 
mulated energy  content  are  the  greatest  when  the 
transfer  function  is  at  minimum  phase. 
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This  letter  discusses  a  recently-published  paper  which 
presents  an  approach  to  the  problem  of  internal 
resonances  of  the  electric  field  integral  equation.  This 
method,  which  requires  the  determination  of  the  small- 
est singular  value  of  the  associated  integral  operator, 
may  fail  due  to  the  accumulation  of  singular  values  at 
the  origin.  In  contrast,  another  method,  already  in  the 
literature,  applies  the  magnetic  field  integral  equation, 
which  does  not  suffer  from  this  problem. 
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The  IEEE  Electromagnetic  Compatibility  Society's 
Technical  Committee  on  Electromagnetic  Environ- 
ments (TC-3)  has  undertaken  a  long-term  project  to 
compile  an  inventory  or  catalog  of  published  measure- 
ments of  electromagnetic  environments.  The  fre- 
quency spectrum  has  been  divided  into  tractable 
bands  which  will  be  considered  one  at  a  time.  We  have 
now  completed  the  30-300  Hz  band.  We  present  here 
an  abridged  version  of  the  resulting  bibliography,  along 
with  a  brief  summary  of  what  has  been  measured. 
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Proceedings  of  International  Conference  on  Conduc- 
tion and  Breakdown  in  Dielectric  Liquids  (10th),  Greno- 
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Keywords:  'Electric  discharges,  'Dielectric  breakdown, 
'Hexanes,  Shadowgraph  photography,  Photographic 
techniques,  Direct  current,  Liquids,  Reprints,  'Partial 
discharges,  Streamer  initiation,  Point  cathodes. 

Partial  discharges  are  observed  in  n-hexane  by  shad- 
ow photography  under  the  application  of  dc  voltages. 
A  non-uniform  field  geometry  is  employed  and  the 
growth  of  low-density  streamers  at  a  point  cathode  is 
recorded.  Photographs  of  the  partial  discharge  stream- 
ers are  obtained  at  200x  magnification.  The  use  of  an 
image-preserving  optical  delay  allows  a  record  of  the 
conditions  which  exist  in  the  liquid  prior  to  the  initiation 
of  low  density  streamer  to  be  obtained. 
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The  significance  of  memory  propagation  in  controlling 
the  stochastic  behavior  of  partial-discharge  phenom- 
ena is  demonstrated  by  determination  of  various  condi- 
tional amplitude  and  phase-of-occurrence  distributions 
for  both  measured  and  simulated  discharge  pulses.  A 
system  that  can  be  used  to  measure  directly  a  set  of 
both  conditional  and  unconditional  pulse  amplitude  and 
phase  distributions  needed  to  reveal  memory  effects 
and  quantify  the  phase-resolved  stochastic  properties 
of  partial-discharge  pulses,  is  briefly  described.  It  is  ar- 
gued that  not  only  is  an  unraveling  of  memory  effects 
essential  in  any  attempt  to  understand  the  physical 
basis  for  the  observed  stochastic  behavior  of  partial- 
discharge  phenomena,  but  also  that  the  data  on  condi- 
tional distributions  provide  additional  statistical  infor- 
mation that  may  be  needed  to  optimize  the  reliability 
of  partial-discharge  pattern  recognition  schemes  now 
being  considered  for  use  in  insulation  testing. 
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The  statistical  properties  of  pulsating  partial  discharges 
(PD)  generated  by  applying  an  alternating  voltage  to 
a  point-dielectric  gap  were  measured  with  a  stochastic 
analyzer  under  conditions  where  the  PD  induced 
changes  in  the  dielectric  surface  conductivity.  The 
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epoxy  materials  with  and  without  AI203  filler  were  con- 
sidered in  this  investigation.  In  the  case  of  epoxy  with 
filler,  dramatic  changes  in  the  statistical  behavior  of  the 
PD  were  observed  to  be  correlated  with  changes  in 
surface  conductivity.  These  results  illustrate  the  dif- 
ficulties to  be  encountered  in  defining  meaningful  PD 
pulse  patterns  that  can  be  used  for  reliable  defect  site 
identification.  An  analysis  of  the  positive  and  negative 
integrated-charge  distribution  also  reveal  problems  of 
relating  PD  pulse-height  data  to  average  current  meas- 
ured by  standard  techniques. 
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Keywords:  "Electric  discharges,  'Electrical  insulation, 
"Epoxy  resins,  "Aging(Materials),  Time  dependence, 
Alternating  current,  Stochastic  processes,  Monte  Carlo 
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Measurements  were  made  of  the  time  dependences 
of  positive  and  negative  integrated-charge  distributions 
for  ac-generated  pulsating  partial  discharge  (PD)  in 
point-to-dielectric  gaps  where  the  dielectric  material 
was  cast  epoxy  either  with  or  without  an  aluminum 
oxide  filler.  Other  statistical  characteristics  of  the  PD 
were  measured  such  as  pulse-phase  distributions.  The 
dielectric  surface  resistivity  was  measured  before  and 
after  exposure  to  PD.  For  epoxy  with  filler,  the  PD  sta- 
tistical characteristics  changed  significantly  during 
times  when  there  was  a  corresponding  decrease  in 
local  surface  resistivity.  For  example,  the  positive  PD 
pulses  were  observed  to  cease  after  a  time  that  is  in- 
versely proportional  to  the  frequency  of  the  applied 
voltage.  Partial  discharge  from  epoxy  without  filler  ex- 
hibited a  much  more  stationary  behavior.  The  connec- 
tion between  changes  in  surface  resistivity  and 
changes  in  stochastic  behavior  are  explained  using  a 
Monte  Carlo  simulation. 
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A  powerful  new  technique  enables  the  verification  of 
the  measurement  accuracy  of  scattering  parameter 
calibrations.  This  technique  determines  the  relative  ref- 
erence impedance,  the  reference  plane  offset,  and  the 
worst-case  measurement  deviations  of  any  calibration 
in  comparison  to  a  standard  calibration.  Experimental 
results  for  on-wafer  measurements  are  presented. 
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Measurements  of  the  electrical  characteristics  of  radio- 
frequency  (rf)  discharges  can  be  subject  to  large  errors 
due  to  limitations  in  the  measurement  instruments  and 
the  stray  impedance  of  the  discharge  cell.  This  study 
reports  electrical  measurements  of  argon  discharges 
in  the  GEC  Reference  Cell  in  which  special  care  has 
been  taken  to  identify  and  minimize  these  sources  of 
error.  These  techniques  should  improve  the  utility  of 
electrical  measurements  for  gauging  the  reproducibility 
of  plasma  conditions  among  rf  discharge  cells,  for  test- 
ing theoretical  results,  and  for  monitoring  plasma  proc- 
essing. 
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A  high  precision  digital  voltmeter  can  be  used  to  meas- 
ure the  ratio  of  1  V  to  10  V  very  accurately.  Preliminary 
tests  of  calibrating  10-V  Zener  references  from  a  1-V 
Josephson  array  standard  indicate  that  an  accuracy 
with  an  uncertainty  of  several  parts  in  10(exp  8)  is  pos- 
sible. 
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Although  the  30-MHz  Attenuation  Calibration  System 
has  been  in  operation  for  many  years  at  the  National 
Institute  of  Standards  and  Technology,  several  modi- 
fications have  been  made  to  the  system  since  the  last 
published  uncertainty  analysis.  The  linear  displace- 
ment of  the  standard  attenuator's  receiving  coil  is  now 
measured  with  a  laser  interferometer  instead  of  a  steel 
ruled  scale  and  optical  projector,  and  a  new  compari- 
son receiver  has  been  installed  in  the  system.  The  ex- 
panded uncertainty  is  on  the  order  of  +  or  -  0.003  dB 
per  10  dB  step.  Type  A  uncertainties  depend  upon  the 
repeatability  and  resettability  of  the  system  and  the  de- 
vice under  test.  Type  B  uncertainties  are  due  to  the 
standard  waveguide  below-cutoff  (WBCO)  attenuator, 
the  resolution  of  the  comparison  receiver,  the  change 
in  level  of  the  precision  phase  shift  standard,  the  level 
set  attenuator,  rf  leakage,  and  mismatch  uncertainty. 
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A  modal  analysis  and  a  uniform-field  approximation  are 
presented  for  the  fields  in  an  idealized  two-dimen- 
sional, rectangular  cavity  excited  by  an  electric  line 
source.  The  model  is  used  to  evaluate  the  effective- 
ness of  frequency  stirring,  an  alternative  to  mechanical 
stirring  in  reverberation  chamber  immunity  measure- 
ments. Numerical  results  indicate  that  good  field  uni- 


formity (standard  deviation  less  than  1  dB)  can  be  ob- 
tained with  a  bandwidth  of  10  MHz  at  a  center  fre- 
quency of  4  GHz.  The  bandwidth  requirement  is  deter- 
mined primarily  by  the  number  of  modes  excited,  and 
higher  frequencies  can  achieve  the  same  field  uniform- 
ity with  a  smaller  bandwidth  because  of  the  higher 
mode  density.  Cavity  excitation  by  two  single-fre- 
quency sources  is  also  analyzed. 
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For  the  past  several  years,  research  has  been  carried 
out  in  the  Electricity  Division  at  the  National  Institute 
of  Standards  and  Technology  (NIST)  to  reduce  the 
testing  requirements  for  analog  and  mixed-signal  de- 
vices. The  most  significant  testing  technique  to  result 
has  been  a  model-based  approach  to  the  testing  and 
calibration  of  such  devices.  The  model  is  developed 
from  empirical  data,  physical  information,  a  priori  infor- 
mation, or  a  combination  of  the  three.  Algebraic  oper- 
ations are  performed  on  these  data  to  create  a  model. 
The  model  approximately  spans  the  vector  space  with- 
in which  the  device  behavior  can  be  described.  With 
this  model,  the  device  can  be  characterized  using  sig- 
nificantly fewer  measurements  than  is  possible  with 
traditional  methods.  A  brief  description  of  the  tech- 
niques will  be  presented,  along  with  a  summary  of  the 
results  achieved  in  testing  analog  and  mixed-signal  de- 
vices. 
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Results  of  recent  research  on  physical  and  chemical 
processes  in  partial  discharge  (PD)  phenomena  are  re- 
viewed. The  terminology  used  to  specify  different  types 
or  modes  of  PD  are  discussed  in  light  of  a  general  the- 
ory of  electrical  discharges.  The  limitations  and  as- 
sumptions inherent  to  present  theoretical  models  are 
examined.  The  influence  of  memory  propagation  ef- 
fects in  controlling  the  stochastic  behavior  of  PD  is 
shown.  Examples  of  experimental  results  are  pre- 
sented that  demonstrate  the  nonstationary  characteris- 
tics of  PD  which  can  be  related  to  permanent  or  quasi- 
permanent  discharge-induced  modifications  (aging)  of 
the  site  where  the  PD  occur.  Recommendations  for  fu- 
ture research  are  proposed. 
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Numerous  measurement  methods  are  used  for  deter- 
mining the  shielding  performance  of  rf  gaskets,  but  dif- 
ferent methods  give  significantly  different  results  for 
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the  same  gasket.  Various  measurement  methods  and 
the  reasons  for  the  discrepancies  are  reviewed.  Simple 
models  and  theories  are  used  to  explain  the  meaning 
of  transfer  impedance  and  shielding  effectiveness  for 
gaskets  and  to  determine  the  frequency  range  of  valid- 
ity. Transfer  impedance  should  be  a  valid  characteriza- 
tion at  low  frequencies,  and  shielding  effectiveness  is 
more  appropriate  at  high  frequencies.  The  precise  fre- 
quency limitations  of  these  characterizations  and  cur- 
rent measurement  methods  are  not  well  known,  but  a 
time-domain  method  is  proposed  for  determining  gas- 
ket properties  over  a  broad  frequency  range. 
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This  is  the  forty-second  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology,  Elec- 
tronics and  Electrical  Engineering  Laboratory  (EEEL). 
The  issue  of  the  EEEL  Technical  Publication  An- 
nouncements covers  the  third  quarter  of  calendar  year 
1994.  Abstracts  are  provided  by  technical  areas  for  pa- 
pers published.  Main  topic  areas  include:  Fundamental 
Electrical  Measurements;  Semiconductor  Microelec- 
tronics; Signal  Acquisition,  Processing,  and  Trans- 
mission; Electrical  Systems;  Electromagnetic  Inter- 
ference; Product  Data  Systems  (includes  net  informa- 
tion tools);  Video  Technology;  Additional  Information. 
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A  way  is  presented  to  obtain  the  microcalorimeter  cor- 
rection factor  by  direct  measurement  rather  than  by  an 
indirect  estimate  or  modeling.  The  microcalorimeter  is 
used  to  measure  the  effective  efficiency  of  a  reference 
standard  thermistor  mount.  The  correction  factor  ac- 
counts for  the  different  thermal  paths  and  losses  in  the 
microcalorimeter  reference  standard  combination.  The 
uncertainty  in  the  measurement  depends  primarily  on 
an  accurate  determination  of  the  correction  factor.  This 
has  been  an  especially  difficult  problem  in  the  coaxial 
case  because  of  the  center  conductor.  The  method  re- 
quires the  fabrication  of  components  that  duplicate  the 
thermal  and  RF  loss  in  the  microcalorimeter  and  ref- 
erence standard.  Using  the  technique  with  the  new  Na- 
tional Institute  of  Standards  and  Technology  (NIST) 
type  N  coaxial  microcalorimeter  has  substantially  re- 
duced the  systematic  uncertainty.  The  total  uncertainty 
is  about  one-half  the  uncertainty  of  the  prior  NIST 
standard  at  frequencies  above  1  GHz. 
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Some  customers  of  the  NIST  microwave  power  cali- 
bration service  report  that  they  are  using  their  cali- 
brated reference  standard  at  a  power  of  about  1  mW, 
rather  than  10  mW  where  the  NIST  measurement  is 
made.  Since  the  coaxial  reference  standards  accepted 
by  NIST  for  calibration  are  dual-element  thermistor 
mounts,  they  are  subject  to  a  dual-element  substitution 
error  if  not  used  at  the  calibration  power  level.  The 
error  differs  for  each  mount.  The  error  is  not  easily 
measured,  nor  is  it  possible  to  readily  estimate  an  addi- 
tional uncertainty  for  using  the  mount  at  a  different 
power.  Initial  measurements  indicate  the  error  can  be 
up  to  50  percent  of  the  quoted  calibration  uncertainty. 
If  the  calibration  uncertainty  does  not  increase  too 
much,  a  reasonable  solution  is  to  extend  the  NIST  cali- 
bration service  to  powers  under  10  mW.  This  paper 
briefly  describes  the  present  standard  and  the  ap- 
proach being  taken  to  add  the  1  mW  capability.  Prelimi- 
nary uncertainty  estimates  are  included. 
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We  demonstrate  a  method  of  compensation  for  the  ef- 
fect of  substrate  permittivity  on  coplanar  waveguide 
probe-tip  scattering  parameter  calibrations,  modeling 
the  effect  as  a  capacitance  at  the  probe  tip.  Compari- 
son to  on-wafer  multiline  TRL  (through-reflect-line) 
calibration  verifies  its  accuracy.  The  method  allows 
calibration  to  the  probe  tip  using  generic  off-wafer 
standards  with  accuracy  comparable  to  that  of  on- 
wafer  calibration. 
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Contents  includes  research  summaries  on  Fundamen- 
tal Electrical  Measurements;  Semiconductor  Micro- 
electronics; Signal  Acquisition,  Processing  and  Trans- 
mission; Electrical  Systems;  and  Electromagnetic  In- 
terference. 
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Contents  includes  research  summaries  of:  Semi- 
conductor Microelectronics;  Signal  Acquisition,  Proc- 
essing, and  Transmission;  Electrical  Systems;  and 
Electromagnetic  Interference. 
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This  is  the  forty-third  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology,  Elec- 
tronics and  Electrical  Engineering  Laboratory.  This 
issue  of  the  EEEL  Technical  Publication  Announce- 
ments covers  the  fourth  quarter  of  calendar  year  1 994. 
Abstracts  are  provided  by  technical  areas  for  papers 
published. 
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Precise  knowledge  of  the  area  of  apertures  used  in 
high  precision  radiometry  is  extremely  important.  A 
method  is  presented  here  for  the  determination  of  the 
area  of  round  and  irregularly  shaped  apertures  by  com- 
parison to  a  standard  aperture  which  has  been  meas- 
ured by  other  means  to  high  accuracy.  The  method 
presented  here  is  quick  and  has  no  physical  contact 
with  the  fragile  edge  of  the  aperture  opening. 
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The  International  Systems  of  Units,  abbreviated  SI, 
has  been  developed  to  meet  the  need  for  a  uniform 
and  consistent  set  of  units.  One  of  the  most  important 
and  widely  used  of  these  units  is  the  volt.  The  SI  defini- 
tion of  the  volt  is  that  electromotive  force  between  two 
points  on  a  conductor  carrying  a  constant  current  of 
1  A  when  the  power  dissipated  between  the  two  points 
is  1  W.  The  realization  of  the  SI  volt,  therefore  depends 
on  experiment  that  relate  the  primary  electrical  units 
to  mechanical  units  of  length,  force  and  power.  Precise 
modern  instrumentation  requires  voltage  measure- 
ments with  a  reproducibility  exceeding  the  accuracy 
with  which  the  SI  volt  can  be  realized.  To  meet  this 
need,  realizations  of  the  volt  that  are  stable  and  repro- 
ducible at  a  level  near  0.01  ppm  have  been  developed 
even  though  their  value  relative  to  the  SI  volt  is  uncer- 
tain within  about  0.4  ppm. 
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Three  different  techniques  for  attaching  wires  on  quan- 
tized Hall  resistors  with  gold-germanium-nickel  (AuGe/ 
Ni)  alloyed  contacts  were  evaluated.  The  best  quality 
and  most  robust  samples  were  made  by  evaporating 
bonding  pads  that  overlapped  the  alloyed  contacts  and 
the  substrate,  so  that  bonds  could  be  made  over  the 
substrate  rather  than  over  the  heterostructure. 
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Changes  in  the  stochastic  behavior  of  pulsating  partial 
discharge  with  time  have  been  observed  when  an  al- 
ternative voltage  is  applied  to  point-dielectric  gaps  in 
which  the  dielectric  is  a  cast  epoxy  resin  either  with, 
or  without,  A1203  filler.  The  changes  in  discharge  be- 
havior are  shown,  with  the  help  of  a  Monte-Carlo  sim- 
ulation, to  be  consistent  with  discharge  induced  in- 
creases in  the  surface  conductivity  of  the  epoxy.  This 
'ageing'  effect  is  shown  to  be  accelerated  as  the  fre- 
quency of  applied  voltage  is  increased  from  50  to  800 
Hz.  The  implications  of  the  results  on  accelerated 
aging  tests  and  definition  of  partial  discharge  'signa- 
tures' for  possible  pattern  recognition  are  discussed. 
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This  is  the  fifty-first  issue  of  a  quarterly  publication  pro- 
viding information  on  the  technical  work  of  the  National 
Institute  of  Standards  and  Technology,  Electronics  and 
Electrical  Engineering  Laboratory.  This  issue  of  the 
EEEL  Technical  Progress  Bulletin  covers  the  second 
quarter  of  calendar  year  1995.  Abstracts  are  provided 
by  technical  area  for  both  published  papers  and  papers 
approved  by  NIST  for  publication. 
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A  rigorous  radiometer  equation  is  derived  and  used  to 
develop  better  corrections  and  uncertainty  estimates. 


Isolated  and  well  corrected  unisolated  radiometers 
have  similar  accuracies  for  low  reflection  coefficient 
sources.  To  ignore  corrections  for  the  finite  isolation 
of  a  radiometer,  about  38  dB  isolation  is  needed. 
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We  describe  the  design  and  use  of  a  digital  partial  dis- 
charge (PD)  data  recording  system  capable  of  continu- 
ous real-time  recording  of  PD  pulse  trains.  The  record- 
ing system  consists  of  a  custom  two-channel  PD  digit- 
izer coupled  to  a  personal  computer  via  a  16-bit  par- 
allel interface.  The  digitizer  is  under  software  control 
with  the  resulting  data  being  stored  in  binary  files  on 
the  computer's  hard  disk.  The  stored  data  subse- 
quently are  subjected  to  stochastic  analysis  using  ap- 
propriate computer  software.  Because  all  data  are  re- 
tained and  the  computer  provides  the  desired 
stochastic  analysis  of  data  files,  the  new  system  is  well 
suited  to  investigate  non-stationary  PD  behavior  such 
as  encountered  in  aging  studies.  The  results  confirm 
and  extend  previous  measurements  made  with  an  ana- 
log stochastic  analyzer.  With  these  sample  results,  we 
demonstrate  how  the  system  allows  detailed  stochastic 
analyzes  not  possible  with  data  obtained  from  existing 
conventional  PD  measurement  systems. 
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We  report  the  results  of  a  study  of  measurements  of 
radiated  emissions  from  the  NIST  spherical-dipole 
standard  radiator  in  several  screened  rooms.  The 
study  serves  as  a  demonstration  of  possible  applica- 
tions of  the  standard  radiator  as  well  as  an  investiga- 
tion of  radiated-emissions  measurements  in  screened 
rooms.  The  screened-room  measurements  were  per- 
formed in  accordance  with  MIL-STD  462  (1967).  Large 
differences  occurred  in  the  field  intensity  measured  at 
different  days  at  the  same  laboratory.  There  was  a  sys- 
tematic difference  at  low  frequencies  between  the 
screened-room  results  obtain  in  a  transverse  electro- 
magnetic (TEM)  cell,  open-area  test  site  (OATS),  and 
anechoic  chamber. 
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The  U.S.  standardization,  testing,  certification,  and 
quality  system  registration  system  is  an  intricate  one, 
based  on  principles  of  openness  and  transparency. 
Responsibility  for  the  saftey  of  elecctrical  products  is 
shared  between  the  public  and  private  sectors,  with  op- 
portunity for  consumers,  government  agencies  at  all 
levels,  retailers,  manufactors,  and  third  party  testing 
and  inspection  bodies  to  participate  in  the  decisions 
that  affect  them.  This  paper  attempts  to  answer  some 
frequently  raised  questions  on  the  U.S.  system. 
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The  authors  present  an  overview  of  a  proposed  data 
file  format  for  digitized  partial  discharge  (PD)  data.  The 
proposed  format  will  permit  investigators  at  different  in- 
stitutions to  exchange  PD  data  and  collaborate  on  the 
analysis  and  understanding  of  the  PD  phenomenon. 
The  authors  include  an  example  in  which  investigators 
at  all  three  institutions  evaluated  the  same  data  record 
and  report  their  analysis  results. 
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Experimental  techniques  have  been  developed  in  re- 
cent years  that  enable  a  complete  stochastic  charac- 
terization of  pulsating  partial-discharge  (PD)  phenom- 
ena in  terms  of  a  set  of  conditional  and  unconditional 
discharge  pulse  phase  (or  time),  amplitude,  and  inte- 
grated-charge  distributions  and  related  correlation  co- 
efficients. Investigations  using  these  techniques  have 
shown  the  importance  of  pulse-to-pulse  memory  prop- 
agation on  the  statistical  behavior  of  PD.  It  has  been 
shown  that  the  observed  stochastic  behavior  of  PD  can 
be  simulated  using  a  theoretical  model  that  invokes 
surface  Charging  and  considers  the  effect  of  surface 
charge  on  the  probability  of  discharge  pulse  initiation. 
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Some  of  the  more  salient  aspects  of  the  digital  proc- 
essing technology  of  PD  signals  are  examined.  Most 
of  the  efforts  in  this  field  are  concentrated  on  the  appli- 
cation of  digital  analyzers  for  pulse  height  analysis, 
pattern  recognition  and  identification  of  the  physical 
phenomena.  It  is  demonstrated  that  errors  in  the  signal 
processing  unit  can  lead  to  dominant  mistakes  in  the 
interpretation  of  the  test  results. 
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The  Electromagnetic  Properties  of  Materials  program 
at  the  National  Institute  of  Standards  and  Technology 
(NIST)  is  described,  including  an  outline  of  the  current 
goals  of  the  project  and  details  of  measurement  tech- 
niques being  used  at  NIST  for  characterizing  dielectric 
and  magnetic  materials  at  RF  and  microwave  fre- 
quencies. 
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The  NIST  watt-balance  has  been  developed  to  explore 
the  possibility  of  monitoring  the  stability  of  the  mass 
standard  by  means  of  electrical  quantum  standards. 
The  mass  standard  is  the  last  basic  standard  that  is 
kept  as  an  artifact.  The  watt-balance  uses  a  movable 
coil  in  a  radial  magnetic  field  to  compare  the  mechani- 
cal energy  required  to  lift  a  kilogram  mass  in  earth's 
gravity  with  the  electrical  energy  required  to  move  the 
coil  the  same  distance  in  a  magnetic  field.  The  elec- 
trical energy  is  monitored  in  terms  of  quantized  Hall 
resistance  and  Josephson's  junction  voltage  stand- 
ards. The  accuracy  of  this  experiment  depends  on  a 
large  number  of  factors.  Among  them  are  the  ability 
to  align  the  apparatus  so  that  the  movable  coil  and 
magnet  are  coaxial  and  aligned  to  the  local  vertical. 
Misalignment  of  the  coil  and  magnet  results  in  forces 
and  torques  on  the  coil.  The  coil  is  suspended  like  a 
pendulum,  so  responds  easily  to  these  torques  and 
horizontal  forces.  This  paper  describes  a  computer 
program  that  was  written  to  calculate  the  shape  of  the 
magnetic  field  and  the  torques  and  forces  on  the  mov- 
able coil  that  result  from  any  misalignments.  This  infor- 
mation is  being  used  to  develop  an  alignment  proce- 
dures that  minimizes  misalignments  and  the  errors 
they  cause.  This  program  has  enhanced  our  under- 
standing of  the  cause  of  torques  about  the  vertical  axis 
on  the  coil  and  the  dependence  of  this  torques  on  the 
magnetic  field  gradient. 
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Evidence  is  presented  for  a  significant  influence  of 
electrode  surface  material  and  condition  on  the  meas- 
urement of  the  kinetic  energies  of  ions  samples  from 
discharges  through  an  orifice  in  the  electrode.  Signifi- 
cant differences  in  ion  energy  shifts  and/or  discrimina- 
tion of  low-energy  ions  are  found  using  aluminum  and 
stainless-steel  electrodes  in  a  radio-frequency  (rf)  dis- 
charge cell.  It  is  argued  that  the  observed  differences 
in  energy  shifts  may  be  attributable  in  part  to  dif- 
ferences in  charging  of  oxide  layers  on  the  electrode 
surface  around  the  sampling  orifice. 
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Results  of  recent  research  on  physical  and  chemical 
processes  on  partial-discharge  (PD)  phenomena  are 
reviewed.  The  terminology  used  to  specify  different 


types  of  modes  of  PD  are  discussed  in  the  light  of  the 
general  theory  of  discharges.  The  limitations  and  as- 
sumptions inherent  to  present  theoretical  models  of  PD 
are  examined.  The  influence  of  memory  propagation 
effects  in  controlling  the  stochastic  behavior  of  PD  is 
shown.  Examples  of  experimental  results  are  pre- 
sented which  demonstrate  the  nonstationary  charac- 
teristics of  PD  which  can  be  related  to  PD-induced 
aging  of  insulating  materials.  Recommendations  for  fu- 
ture research  are  proposed. 
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Partial  discharge  (PD)  was  generated  with  alternating 
voltage  applied  to  a  point  electrode  touching  the  sur- 
faces of  aluminum  oxide  (AI203)  dielectrics  of  different 
purity  in  air.  The  amplitudes  and  phases  of  all  pulsating 
PD  events  that  occured  during  voltage  application  peri- 
ods up  to  35  minutes  were  recorded  and  the  results 
were  analyzed  to  reveal  details  of  the  characteristics 
of  PD  exhibit  rapid  changes  with  time  that  depend  sig- 
nificantly on  voltage  and  the  purity  of  the  AI203  sam- 
ple. Example  are  shown  of  statistical  data  for  individual 
positive  and  negative  pulses  in  a  voltage  cycle  that  are 
much  more  refined  than  data  that  can  be  obtained  from 
conventional  Pd  measurment  systems.  The  results 
presented  here  illustrate  the  advantages  of  using  con- 
tinuous data  records  in  the  investigation  and  character- 
ization of  pulsating  PD  phenomena. 
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This  bibliography  lists  the  publications  of  the  personnel 
of  the  Electromagnetic  Technology  Division  of  NIST 
during  the  period  from  January  1970  through  the  publi- 
cation of  this  report.  A  few  earlier  references  that  are 
directly  related  to  the  present  work  of  the  Division  are 
also  included.  This  edition  of  the  bibliography  is  the  first 
since  the  Electromagnetic  Technology  Division  split 
into  two  Divisions,  and  it  includes  publications  in 
cryoelectronic  metrology  and  superconductor  and 
magnetic  measurements.  The  optical  electronic  me- 
trology section  found  in  earlier  editions  is  now  being 
produced  seperately  by  the  new  Optoelectronics  Divi- 
sion of  NIST.  That  companion  bibliography  to  this  pub- 
lication isNISTIR5041. 
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Tremendous  progress  has  been  made  in  recent  years 
in  the  development  of  new  sources,  detectors,  anten- 
nas, and  materials  for  the  terahertz  (THz)  spectral  re- 
gion, i.e.,  from  100  GHz  (3  mm  wavelength)  to  10  THz 
(30  micro  m  wavelength).  However,  very  little  attention 
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has  been  paid  to  questions  of  accurate  measurement 
techniques,  calibration,  and  standards  at  THz  fre- 
quencies. In  order  to  discuss  metrology  issues  and  the 
role  NIST  might  play  in  the  rapidly  advancing  field  of 
THz  technology,  the  staff  in  various  divisions  of  NIST's 
Physics  Laboratory,  in  collaboration  with  the  staff  in  the 
Electronics  and  Electrical  Engineering  Laboratory 
(EEEL),  convened  a  Workshop  on  Metrology  Issues  in 
THz  Physics  and  Technology.  The  workshop  was  held 
at  NIST  on  December  13,  1994,  and  was  attended  by 
50  representatives  from  industry,  academia,  and  fed- 
eral agencies. 
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The  open-ended  coaxial  probe  with  lift-off  is  studied 
using  a  full-wave  analysis,  and  an  uncertainty  analysis 
is  presented.  The  field  equations  for  the  following  ter- 
minations are  worked  out:  (1)  the  sample  extends  to 
infinity  in  the  positive  axial  direction,  (2)  the  sample  is 
backed  by  a  well-characterized  material,  and  (3)  the 
sample  is  backed  by  a  short-circuit  termination.  The 
equations  are  valid  for  both  dielectric  and  magnetic 
materials.  The  model  allows  the  study  of  the  open- 
ended  coaxial  probe  as  a  nondestructive  testing  tool. 
The  analysis  allows  a  study  of  the  effects  of  air  gaps 
on  the  probe  measurements.  The  reflection  coefficient 
and  phase  are  studied  as  a  function  of  lift-off,  coaxial 
line  size,  permittivity,  permeability,  and  frequency.  Nu- 
merical results  indicate  the  probe  is  very  sensitive  to 
lift-off.  For  medium  to  high  permittivity  values  and  elec- 
trically small  probes,  gaps  on  the  order  of  fractions  of 
a  millimeter  strongly  influence  the  reflection  coefficient. 


01,941 

PB96-1 371 87       PC  A03/M  F  A01 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Gaithersburg,  MD.  Semiconductor  Electronics  Div. 

Electronics  and  Electrical  Engineering  Laboratory 

Technical  Publication  Announcements  Covering 

Laboratory  Programs,  April  to  June  1 995  with  1 995 

EEEL  Events  Calendar. 

J.  M.  Rohrbaugh.  Dec  95,  23p,  NISTIR-5773. 

See  also  PB95-242277. 

Keywords:  'Electrical  engineering,  'Electronics, 
'Research  management,  'Electrical  measurement, 
Semiconductor  devices,  Metrology,  Signal  processing, 
Electromagnetism,  Fiber  optics,  Abstracts, 
Catalogs(Publications),  Bibliographies, 
Superconductors,  Antennas,  Electric  power,  Lasers, 
'National  Institute  of  Standards  and  Technology. 

This  is  the  forty-fifth  issue  of  quarterly  publication  pro- 
viding information  on  the  technical  work  of  the  National 
Institute  of  Standards  and  Technology,  Electronics  and 
Electrical  Engineering  Laboratory.  This  issue  of  the 
EEEL  Technical  Publication  Announcements  covers 
the  second  quarter  of  calendar  year  1995.  Abstracts 
are  provided  by  technical  areas  for  papers  published. 
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Contents: 
Introduction; 

Fundamental  Electrical  Measurements; 
Semiconductor  Microelectronics; 


Signal  Acquisition,  Processing,  and  Transmission; 
Electrical  Systems; 
Electromagnetic  Interference; 
Additional  Information. 
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The  IEEE  Electromagnetic  Compatibility  Society's 
Technical  Committee  on  Electromagnetic  Environ- 
ments (TC-3)  has  undertaken  a  long-term  project  to 
compile  an  inventory  or  catalogue  of  published  meas- 
urements of  electromagnetic  envionments.  The  au- 
thors have  now  completed  the  30-300  Hz  band.  The 
paper  presents  the  resulting  bibliography,  along  with 
a  brief  overview  of  what  has  been  measured. 
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The  Electromagnetic  Properties  of  Materials  (EPM) 
Program  at  the  National  Institute  of  Standards  and 
Technology  (NIST)  is  described,  including  an  outline 
of  the  current  goals  of  the  project  and  details  of  meas- 
urement techniques  being  used  at  NIST  for  character- 
izing dielectric  and  magnetic  materials  of  importance 
on  wireless  communications  in  the  RF  spectrum  of  in- 
terest. 


01,945 

PB96-1 57854       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Boulder,  CO.  Electromagnetic  Fields  Div. 
Applicability  of  Effective  Medium  Theory  to  Ferro- 
electric/Ferrimagnetic  Composites  with  Composi- 
tion     and      Frequency-Dependent  Complex 
Permittivities  and  Permeabilities. 
Final  rept. 

R.  G.  Geyer,  J.  V.  Mantese,  A.  L.  Micheli,  J. 
Grosvenor,  D.  F.  Dungan,  and  J.  Baker-Jarvis.  1996, 
6p. 

Pub.  in  Jnl.  of  Applied  Physics,  v79  n3  p1655-1660 
Feb  96. 

Keywords:  'Composites,  'Ferrites,  Microwaves,  Per- 
meability, Permittivity,  Reprints,  Effective  medium, 
Mixing  rules. 

High-frequency  (1  MHz-1  GHz)  transmission  line 
measurements  were  used  to  determine  the  composi- 
tion and  frequency-dependent  complex  permitivities 
and  complex  permeabilities  of  ferroelectric/ 
ferrimagnetic  (barium  titanate  and  a  magnesium-cop- 
per-zinc ferrite)  composites.  The  effective  medium 
rules  of  Maxwell-Garnett  give  both  lower  and  upper 
bounds  for  the  effective  permittivities  and 
permeabilities  and  yield  accurate  estimates  of  the  bulk 
electric  and  magnetic  properties  at  low  volume  fill  frac- 
tion of  either  component  provided  the  proper  host  ma- 
trix is  chosen.  Bruggeman  theory  yielded  the  best  pre- 
dictive values  for  the  permittivity  and  permeability  over 
the  entire  composition  range.  In  all  cases  these  com- 
plex quantities  were  shown  to  be  constrained  by 
Bergman-Milton  bounds. 
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The  dielectric  resonator  technique  is  commonly  used 
for  microwave  surface  resistance  measurements  of 
High  Temperature  superconducting  (HTS)  films.  Thick- 
ness of  superconductors  and  its  impact  on  measure- 
ment results  has  not  been  taken  into  consideration  so 
far.  A  theoretical  mode-match  solution  analysis  of  a 
TE01 1  10  GHz  sapphire  resonator  was  performed.  The 
results  of  this  analysis  demonstrate  that  the  thickness 
of  the  films  under  test  can  significantly  affect  the  reso- 
nant frequencies  (Fres)  and  quality  factor  Q  of  the  res- 
onant system,  particularly  when  the  thickness  is  less 
than  three  times  the  penetration  depth  lambda  of  the 
films  at  the  operating  temperature. 
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We  compare  calibrations  for  use  on  three-sampler  vec- 
tor network  analyzers  (VNAs)  which  do  not  allow  the 
direct  application  of  some  advanced  error-correction 
schemes  such  as  TRL  (thru-reflect-line).  Here  we  com- 
pare various  alternatives,  including  an  approximate 
version  of  TRL  that  has  been  introduced  commercially 
and  two-tier  multiline  TRL  using  external  software.  We 
consider  both  coaxial  and  coplanar  open-short-load- 
thru  (OSLT)  calibrations  for  the  first  tier,  showing  that 
the  latter  can  lead  to  inaccuracies.  Finally,  we  inves- 
tigate the  stability  of  the  load  reflection  terms  to  show 
that  the  first  tier  calibration  need  not  be  frequently  re- 
peated. 
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An  international  workshop  was  held  on  April  22-23, 
1995,  at  the  Town  and  Country  Hotel  in  Sand  Diego, 
to  discuss  the  scientific  and  standardization  issues  as- 
sociated with  instrumented  identation,  also  known  as 
dynamic  hardness  testing  or  depth-sensing,  ultra-low- 
load,  or  nano  indentation.  The  workshop  was  spon- 
sored jointly  by  the  NIST  Standard  Reference  Mate- 
rials Program  and  the  Institute  for  Mechanics  and  Ma- 
terials in  San  Diego,  with  additional  support  for  student 
travel  from  Nano  Instruments,  Inc.,  Oak  Ridge,  TN,  and 
Instron  Corporation,  Canton,  MA,  and  was  part  of  the 
program  of  the  1995  International  Conference  on  Met- 
allurgical Coatings  and  Thin  Films  (ICMCTF95). 
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The  recently  developed  222Rn  emanation  standards 
that  are  based  on  polythylene-encapsulated  226Ra  so- 
lutions were  employed  for  a  first  field-measurement  ap- 
plication test  to  demonstrate  their  efficacy  in  calibrating 
passive  integral  radon  monitors.  The  performance  of 
the  capsules  was  evaluated  with  respect  to  the  calibra- 
tion needs  of  electret  ionization  chambers  (E-PERM, 
Rad  Elec  Inc.).  The  encapsulated  standards  emanate 
well-characterized  and  known  quanties  of  222Rn,  and 
were  used  in  two  different-sized,  relatively-small,  accu- 
mulation vessels  (about  3.6  L  and  10  L)  which  also 
contained  the  deployed  electret  monitors  under  test. 
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The  research  concerns  an  electrodeposited  cobalt- 
tungsten  alloy  coating  on  graphite  fibers.  Annealed  and 
unannealed  coated  fibers  were  analyzed  by  scanning 
electron  microscopy/energy  dispersive  x-ray  spectros- 
copy (SEM/EDS),  x-ray  diffraction  (XRD),  and  trans- 
mission electron  microscopy  (TEM).  The  mole  fraction 
of  tungsten  in  the  as-deposited  cobalt-tungsten  coating 
was  found  to  be  (7.10  plus  or  minus  0.82)  %,  and  the 
crystalline  lattice  was  determined  to  be  hexagonal 
closepacked.  Note:  The  uncertainties  reported  here 
are  expanded  uncertainties  (i.e.,  2  standard  deviation 
estimates). 
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A  research  code  has  been  written  to  solve  an  elliptic 
system  if  coupled  nonlinear  partial  differential  equa- 
tions of  conservation  form  on  a  rectangulary  shaped 
three-dimensional  domain.  The  code  uses  the  method 
of  collation  of  Gauss  points  with  tricubic  Hermite 
piecewise  continuous  polynomial  basis  functions.  The 
system  of  equations  is  solved  by  iteration.  The  system 
of  nonlinear  equations  is  linearized,  and  the  sysem  of 
linear  equations  is  solved  by  iterative  methods. 
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Precision  tests  verify  the  dc  equivalent  circuit  used  by 
Ricketts  and  Kemeny  to  describe  a  quantum  Hall  effect 
device  in  terms  of  electrical  circuit  elements.  The  terms 
employ  the  use  of  cryogenic  current  comparators  and 
the  double-series  and  triple-series  connection  tech- 
niques of  Delahaye.  Verification  of  the  dc  equivalent 
circuit  in  double-series  and  triple-series  connections  is 
a  necessary  step  in  developing  the  acquantum  Hall  ef- 
fect as  an  intrinsic  standard  of  resistance. 
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The  spectra  of  osmium  and  iridium  were  photographed 
in  the  300  Angstroms  to  1600  Angstroms  region  on  a 
3  m  normal  incidence  spectrograph  using  a  triggered 
spark  source.  The  (5d2  +  5d6s)-5d6p  transition  arrays 
of  Os  VII  and  Ir  VIII  were  analyzed.  All  levels  of  these 
configurations  in  both  spectra  have  been  established. 
There  are  77  lines  in  Os  VII  and  71  lines  in  Ir  VIII  classi- 
fied. The  parametric  least  squares  fitting  calculations 
are  used  to  interpret  both  spectra.  The  6s2S1/2- 
6p2P1/2,3/2  transitions  in  Ir  IX  have  also  been  identi- 
fied. 
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The  discovery  of  the  quantitative  relationship  among 
electric  current,  time,  and  the  amount  of  chemical 


change  effected  by  the  electric  current  was  the  first  an- 
nounced by  Michael  Faraday  in  the  1830's  (1839  F). 
Because  of  religious  convictions,  Faraday,  himself, 
never  derived  a  mathematical  expression  for  these 
laws  of  nature.  However,  these  laws  may  be  simply  ex- 
pressed in  summary  as:  mole  =  (1/F)fldt,  where  mole 
is  the  amount  of  substance,  I  is  the  current  in  amperes, 
and  t  is  the  time  in  seconds.  The  proportionality  factor 
F  has  been  appropriately  named  the  Faraday  constant 
(or  just  Faraday),  and  has  units  of  coulombs  per  mole 
of  univalent  substance,  C/mol.  (A  mole  of  univalent 
substance  is  synonymous  with  the  term  'equivalent'.) 
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Shallow  electron  and  deep  hole  trapping  in  the  buried 
oxides  of  SIMOX,  ZMR  and  BESOI  material  are  exam- 
ined. By  irradiating  the  oxides  with  x-rays  at  cryogenic 
temperatures,  40  -  50  K,  hole  motion  is  frozen  and 
electrons  are  trapped.  The  oxide  charge  is  determined 
by  C-V  measurements.  Following  the  cryogenic  irradia- 
tion, the  electrons  are  detrapped  by  field  stressing  (tun- 
neling) or  by  annealing  (thermal  excitation).  Hole  trap- 
ping is  examined  by  annealing  after  the  trapped  elec- 
trons are  removed  by  field  stressing.  Substantial  shal- 
low electron  and  deep  hole  trapping  distributed  uni- 
formly through  the  oxide  is  observed  for  all  buried  ox- 
ides that  are  processed  above  about  1 100  degrees  C. 
A  comparison  to  thermal  oxides  grown  at  850  degress 
C  and  annealed  at  1300  degress  C  with  and  without 
a  polysilicon  capping  layer  shows  that  the  top  silicon 
layer  significantly  increases  trap  formation. 
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Silicon-on-insulator  material  fabricated  by  high-dose 
oxygen  implantation  (SIMOX)  has  applications  for  high 
speed,  radiation  hard  and  low  power  devices.  How- 
ever, a  continuing  problem  has  been  crystalline  defects 
in  the  top  silicon  layer.  SIMOX  is  fabricated  by  two  dis- 
tinct methods:  a  single  oxygen  implant  to  a  dose  of 
1.8x10  to  the  18th  power  cm  to  the  minus  2  power  fol- 
lowed by  a  high-temperature  anneal  (equal  to  or  great- 
er than  1300  degress  C,  4-6  hr)  or  by  multiple  lower 
dose  implants  (approx.  6x10  to  the  17th  power  cm  to 
the  minus  2  power)  with  high-temperature  anneals 
after  each  implant.  To  data,  there  has  been  no  system- 
atic comparison  of  the  defect  structures  produced  by 
these  two  fabrication  methods.  Therefore,  we  have 
compared  the  defect  structure  and  densities  on  mul- 
tiple vs.  single  implant  wafers  produced  on  a  high  cur- 
rent implanter.  In  this  paper  we  describe  the  origin  and 
characteristics  of  the  defect  structures  in  contemporary 
SIMOX  and  show  how  their  densities  are  controlled  by 
the  processing  method  and  conditions. 
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A  calibration  service  at  the  National  Institute  of  Stand- 
ards and  Technology  (NIST)  for  coaxial  microwave 
power  reference  standards  is  described.  The  service 
provides  measurements  of  the  reference  standard  ef- 
fective efficiency  from  50  MHz  to  18  GHz  at  a  power 
level  of  10  mW.  In  the  Report  of  Calibration,  the  effec- 
tive efficiency  is  reported  in  percent.  The  NIST  micro- 
wave power  standards  consist  of  both  a 
microcalorimeter  and  an  associated  reference  stand- 
ard. The  reference  standard  is  a  bolometric  type  power 
detector  (a  thermistor  mount).  The  only  thermistor 
mounts  accepted  for  measurement  are  those  con- 
structed to  NIST  specifications  which  are  compatible 
with  the  coaxial  microcalorimeter.  These  thermistor 
mounts  and  the  automated  microcalorimeter  are  de- 
scribed. A  detailed  error  analysis  with  an  estimate  of 
the  calibration  uncertainties  and  their  sources  is  in- 
cluded. 
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The  report  gives  the  results  of  demonstration  tests  con- 
ducted to  (1)  evaluate  the  electromagnetic  environ- 
ment (EME)  produced  by  band-limited,  white  gaussian 
noise  (BLWGN)  excitation  of  a  reverberation  chamber 
and  to  verify  its  applications  to  susceptibility  and 
shielding  effectiveness  (SE)  testing.  Data  were  col- 
lected to  compare  the  EME  produced  in  a  reverbera- 
tion chamber  by  CW  and  swept  frequency  excitation 
using  both  mechanical  stirring  and  BLWGN  to  excite 
the  cavity  mode  structure.  The  feasibility  of  using  the 
BLWGN  technique  for  radiated  susceptibility  testing 
was  evaluated  by  comparison  with  mechanical  stirring 
in  a  reverberation  chamber  and  with  anechoic  chamber 
results.  Within  normal  measurement  uncertainties,  the 
response  of  both  types  of  systems  were  the  same  for 
mechanical  stirring  and  for  BLWGN  excitation  and 
were  consistent  with  the  results  obtained  in  the  an- 
echoic chamber. 
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Beyond  the  Technology  Roadmaps:  An  Assess- 
ment of  Electronic  Materials  Research  and  Devel- 
opment. 

M.  A.  Schen,  T.  J.  Russell,  R.  F.  Leheny,  G.  Borsuk, 
A.  Yang,  H.  Simon,  and  V.  Hess.  Mar  96,  60p, 
NISTIR-5777. 

Prepared  in  cooperation  with  Defense  Advanced  Re- 
search Projects  Agency,  Arlington,  VA.,  Department  of 
Commerce,  Washington,  DC.  Technology  Administra- 
tion., National  Science  Foundation,  Arlington,  VA.  and 
Naval  Research  Lab.,  Washington,  DC. 

Keywords:  'Electronic  equipment,  'Microelectronics, 
'Materials,  Photonics,  Research  management,  Micro- 
waves, Radiofrequency,  Electronic  industry, 
Modules(Electronics),  Mass  storage. 

This  report,  produced  by  the  National  Science  and 
Technology  Council,  Electronic  Materials  Working 
Group,  captures  the  findings  of  the  December  6-7, 
1994  industry-government-university  Workshop  on 
Electronic  Materials  held  in  Dallas,  TX.  It  provides 
summary  of  the  dominant  electronics  materials  issues 
facing  U.S.  industry  and  contains  recommendations 
critical  to  the  advancement  and  competitiveness  of  the 
U.S.  electronics  and  materials  industries.  The  tech- 
nologies encompassed  within  this  report  are  micro- 
electronics, radio  frequency  and  microwave  elec- 
tronics, photonics,  mass  storage,  and  module  inter- 
connection. In  addition,  materials  characterization  and 
materials  research,  two  areas  essential  to  the  under- 
standing, discovery  and  utilization  of  materials,  are  in- 
cluded. 
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The  Electronics  and  Electrical  Engineering  Laboratory 
(EEEL),  working  in  concert  with  other  NIST  Labora- 
tories, is  providing  measurement  capability  and  other 
generic  technology  critical  to  the  competitiveness  of 
the  U.S.  electronics  industry  and  the  U.S.  electrical- 
equipment  industry.  This  1996  Program  Plan  describes 
the  technical  projects  that  EEEL  plans  to  conduct  in 
fiscal  year  1996  to  provide  metrological  support  to  U.S. 
industry. 
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The  electromagnetic  characteristics  of  (001 )  twist  grain 
boundaries  in  Bi2Sr2CaCu208+x  (BSCCO-2212) 
have  been  deduced  from  measurements  of  the  resis- 
tive transitions,  voltage-current  (V-l)  characteristics, 
and  field-dependent  transport  critical  current  densities 
(Jct(H))  of  single-  and  bicrystalline  samples.  The 
bicrystals  were  prepared  by  solid-state  sintering  of 
(001)  faces  of  freshly-cleaved,  bulk-scale  single  crys- 
tals placed  at  a  pre-determined  misorientation  angle, 
O.  A  low-angle  2  degrees  bicrystal  was  strongly  cou- 
pled with  V-l  and  Jct(H)  characteristics  that  were  indis- 
tinguishable from  those  of  the  single  crystals,  indicat- 
ing that  the  sintering  process  itself  does  not  produce 
weak  coupling.  30  degrees  and  36  degrees  (001) 
bicrystals  were  weakly  coupled.  23  degrees  and  88  de- 
grees twist  bicrystals  were  strongly  coupled,  even 


though  their  boundary  Tc  values  were  reduced.  This 
behavior  contrast  starkly  with  that  of  (001)  tilt  bound- 
aries in  YBa2Cu307-,  where  a  reduced  boundary  Tc 
is  always  associated  with  weak  coupling. 
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A  scanning  capacitance  microscope  (SCM)  has  been 
implemented  by  interfacing  a  commercial  contact- 
mode  atomic  force  microscope  with  a  high-sensitivity 
capacitance  sensor.  The  SCM  has  promise  as  a  next- 
generation  dopant-profiling  technique  because  the 
measurement  in  inherently  two  dimensional,  has  a  po- 
tential spatial  resolution  limited  by  tip  diameter  of  at 
least  20  nm,  and  requires  no  current  carrying  metal- 
semiconductor  contact.  Differential  capacitance  im- 
ages have  been  made  with  the  SCM  of  a  variety  of 
bulk-doped  samples  and  in  the  vicinity  of  pn  junctions 
and  homojunctions.  Also,  a  computer  code  has  been 
written  that  can  numerically  solve  Poisson's  equation 
for  a  model  SCM  geometry  by  using  the  method  of  col- 
location of  Gaussian  points.  Measured  data  and  model 
output  for  similar  structures  are  presented.  How  data 
and  model  output  can  be  combined  to  achieve  an  ex- 
perimental determination  of  dopant  profile  is  dis- 
cussed. 
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This  is  the  forty-sixth  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology,  Elec- 
tronics and  Electrical  Engineering  Laboratory.  This 
issue  of  the  EEEL  Technical  Publication  Announce- 
ments covers  the  third  quarter  of  calendar  year  1995. 
Abstracts  are  provided  by  technical  areas  for  papers 
published. 
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This  is  the  fifty-third  issue  of  a  quarterly  publication  pro- 
viding information  on  the  technical  work  of  the  National 
Instititute  of  Standards  and  Technology,  Electronics 
and  Electrical  Engineering  Laboratory.  This  issue  of 
the  EEEL  Technical  Progress  Bulletin  covers  the  fourth 
quarter  of  calendar  year  1995.  Abstracts  are  provided 
by  technical  area  for  both  published  papers  and  papers 
approved  by  NIST  for  publication. 
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This  paper  presents  state-of-the-art  results  on  1  Ghz 
surface  transverse  wave  (STW)  power  oscillators  run- 
ning at  extremely  high  loop  power  levels.  High-Q  sin- 
gle-mode STW  resonators  used  in  these  designs  have 
an  insertion  loss  of  3.6  dB,  an  unloaded  Q  of  8000, 
a  residual  phase  noise  of  -142  dBc/Hz  at  1  Hz  intercept 
and  operate  at  an  incident  power  of  up  to  31  dBm  in 
the  loop.  Other  low-Q  STW  resonators  and  coupled 
resonator  filters  (CRF)  with  an  insertion  loss  in  the  5- 
9  dB  range  can  conveniently  handle  power  level  in 
escess  of  2  W.  These  devices  were  implemented  in 
voltage  controlled  oscillators  (VCO's)  running  from  a 
9.6  V  source  at  an  output  power  of  23  dBm  and  a  RF/ 
dc  efficiency  of  28%.  Their  tuning  range  was  750  kHz 
and  the  noise  floor  -  180  dBc/Hz.  The  oscillators,  sta- 
bilized with  the  high-Q  devices,  use  specially  designed 
AB-class  power  amplifiers,  deliver  an  output  power  of 
29  dBm  and  demonstrate  a  noise  floor  of  -184  dBc/ 
Hz  and  a  1  Hz  intercept  of  -17  dBc/Hz.  The  1  Hz  inter- 
cept was  improved  to  -33  dBc/Hz  using  the  UTO-1023 
as  a  loop  amplifier.  In  this  case  the  output  power  was 
22  dBm.  In  all  cases  the  loop  amplifier  was  the  limiting 
factor  for  the  close-to-carrier  oscillator  phase  noise 
performance. 
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Phenomenological  micromagnetic  and  large-scale 
magnetization-dependent  models  of  resistivity  that 
produce  giant  magnetoresistance  in  granular  multi- 
layer magnetic  thin  films  are  described.  Included  in  the 
models  are  intralayer  and  interlayer  scattering  compo- 
nents formulated  explicitly  in  terms  of  the 
microstructural  properties  and  characteristic  transport 
lengths  of  the  medium.  The  micromagnetic  model  pro- 
vides insight  into  the  influence  of  the  magnetization 
distribution  on  the  giant  magnetoresistance  response 
of  the  medium.  The  large-scale  model  which  is  derived 
from  the  micromagnetic  model,  is  useful  for  obtaining 
media  transport  parameters  from  experimental  data. 
Both  models  are  used  to  study  a  set  of  annealed  NiFe/ 
Ag  multilayer  films. 
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This  is  the  fifty-fourth  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology,  Elec- 
tronics and  Electrical  Engineering  Laboratory.  This 


issue  of  the  EEEL  Technical  Progress  Bulletin  covers 
the  first  quarter  of  calendar  year  1996.  Abstracts  are 
provided  by  technical  area  for  both  published  papers 
and  papers  approved  by  NIST  for  publication. 
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A  recently  developed  technique  for  predicting  the  re- 
sponse of  a  linear  system  to  an  electromagnetic  pulse, 
based  only  on  the  measured  sontinuous-wave  mag- 
nitude, is  applied  to  a  particular  system  as  a  case 
study.  The  measured  magnitude  representing  the  sys- 
tem's transfer  function  is  deduced  first  from  the  meas- 
ured response  to  a  known  cw  source.  The  authors  next 
derive  an  analytic  expression  for  the  magnitude  square 
of  the  transfer  function  to  approximate  the  measured 
data  and  obtain  a  system  transfer  function  in  terms  of 
the  complex  frequency.  Finally,  the  authors  predict  the 
system's  cw  phase  characteristics  and  its  multiple  so- 
lutions due  to  a  given  impulse  source. 
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We  report  second-harmonic  magneto-optic  Kerr  meas- 
urements on  air-exposed,  polycrystalline  Ni81Fe19 
thin  films,  ranging  in  thickness  from  1  nm  to  2  micro 
m,  on  AI203  coated  Si  (001 ).  For  samples  thicker  than 
20  nm,  in  the  tranverse  Kerr  geometry,  we  observe  a 
factor  of  4  change  in  second-harmonic  intensity  upon 
magnetization  reversal.  For  thin  samples,  we  observe 
interference  between  second-harmonic  fields  from  the 
various  interfaces  and  deterioration  of  ferromagnetism 
in  the  1  and  2  nm  films.  Modeling  suggests  that  the 
Ni81Fe19/AI203  interface  has  a  larger  second-order 
susceptibility  than  the  air/Ni81Fe19  surface. 
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The  National  Institute  of  Standards  and  Technology 
has  developed  a  highly  sensitive  30  MHz  comparison 
receiver  for  detecting  low-level  rf  signals  in  the  nanvolt 
region.  The  purpose  of  this  instrument  is  to  detect  a 
null  between  two  signals  that  can  be  adjusted  in  phase 
and  magnitude.  This  paper  contains  a  description  of 
the  receiver,  specifications,  and  theory  of  operation. 
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Designers  require  reliable  values  of  properties  of  the 
materials  in  electronic  packaging  in  order  to  accurately 
predict  the  performance  of  their  products.  This  chapter 
looks  at  techniques  for  measuring  the  important  elec- 
trical, thermal,  mechanical,  and  physical  properties  of 
electronic  packaging,  and  three  other  properties  which 
assess  the  ease,  efficiency,  degree  of  success,  or 
costs  of  processing  the  materials'  manufacturability 
properties. 
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By  definition,  a  self-reciprocal  (SR)  function  is  its  own 
Fourier  or  Hankel  transform.  Areas  of  application  of  SR 
functions,  including  fourier  optics,  are  noted.  Integral 
representations  for  SR  functions  are  obtained  and  are 
illustrated  with  the  exponential  Fourier  transformation 
on  the  half-line.  It  is  pointed  out  that  there  are  a  large 
number  of  classes  of  SR  functions,  and  examples  of 
these  functions  are  given. 
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Sensors  based  on  the  Faraday  effect  can  be  config- 
ured to  measure  either  magnetic  fields  or  electric  cur- 
rents. Such  sensors  can  be  constructed  without  intro- 
ducing conducting  materials  which  are  often  undesir- 
able. Presently,  the  most  sensitive  Faraday  effect  sen- 
sors employ  ferrimagnetic  iron  garnets  as  the  sensing 
elements.  With  these  materials,  we  have  demonstrated 
minimum  detectable  fields  as  low  as  1  pT/Hz1/2  and 
currents  as  low  as  200  nA/Hz1/2.  The  paper  reviews 
these  and  other  recent  research  results  obtained  at 
NIST  and  considers  prospects  for  still  further  improve- 
ments in  sensitivity  and  frequency  response. 
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We  calculate  the  effect  of  stray  capacitance  on  the  per- 
formance of  the  electron  pump  for  a  simplified  and  ex- 
perimentally appropriate  circuit  model.  We  show  that 
to  first  order  the  effect  of  the  stray  capacitances  can 
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be  accounted  for  by  replacing  the  junction  capacitance 
C  with  C  +  A  C(stray),  where  a  equals  1  and  C(stray) 
is  the  average  total  stray  capacitance  of  the  metal  is- 
lands between  the  junctions. 
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The  authors  present  measurements  of  a  novel  power 
detector  which  can  be  used  as  an  ultra-sensitive  detec- 
tor of  millimeter  and  sub-millimeter  radiation.  The  ab- 
sorbing element  consists  of  a  thin  film  resistor  with  sub- 
micrometer  dimensions,  which  is  connected  to 
superconducting  electrodes.  This  device  exploits  the 
Andreev  reflection  of  electrons,  and  the  weak  inter- 
action between  electrons  and  phonons  at  low  tempera- 
tures, in  order  to  produce  a  large  temperature  rise  for 
a  small  input  power  (approximately  10  mK/fW).  The 
temperature  rise  of  the  electrons  is  measured  from  the 
temperature  dependence  of  the  current-voltage  char- 
acteristic of  a  superconductor-insulator-normal  metal 
tunnel  junction,  where  part  of  the  resistor  strip  forms 
the  normal  electrode.  The  authors  have  measured  a 
voltage  responsitivity  approximately  10  to  the  ninth 
power  WW,  and  an  amplifier-limited  electrical  NEP  ap- 
proximately 3x  10  to  the  minus  18th  power  WHz  to  the 
minus  one  half  power  at  an  operating  temperature  of 
100  mK.  If  infrared  radiation  were  coupled  to  the  ab- 
sorbing element  by  using  superconducting  planar 
anntennas,  then  the  sensitivity  of  this  detector  would 
be  at  least  a  factor  of  10  higher  than  the  best  available 
direct  detectors  and  thus  may  become  the  detector  of 
choice  for  important  astrophysics  investigations. 
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This  is  the  forty-seventh  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology,  Elec- 
tronics and  Electrical  Engineering  Laboratory.  This 
issue  of  the  EEEL  Technical  Publication  Announce- 
ments covers  the  fourth  quarter  of  calendar  year  1995. 
Abstracts  are  provided  by  technical  areas  for  papers 
published. 
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96,  39p,  NISTTN-1381. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 
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In  this  paper,  the  authors  present  an  experimental 
technique  for  the  rapid  evaluation  of  mode-stirred  (or 
reverberation)  chambers.  The  measurement  provides 
an  estimate  of  the  average  chamber  quality  factor  (Q) 
by  measuring  the  chamber  impulse  response  and  ob- 
serving the  decay  of  the  spectral  components  of  the 
response.  The  results  show  good  agreement  with 
those  obtained  using  conventional  CW  techniques. 
The  measurement  is  well  suited  for  low-frequency 
analysis  of  a  chamber,  where  costly  and  time  consum- 
ing mode-tuned  approaches  are  generally  employed. 


Since  this  technique  does  not  use  paddle  stirring,  the 
time  savings  can  be  considered. 
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Keywords:  "Electromagnetic  fields,  "Bibliographies, 
Antennas,  Dielectric  properties,  Electrical  measure- 
ment, Electromagnetic  interference,  Microwaves,  Me- 
trology, Electromagnetic  noise,  Remote  sensing,  Time 
domain,  Waveforms,  Attenuation,  Electrical  imped- 
ance, Impedance  measurement,  Near  fields,  Antenna 
radiation  patterns,  Radiation  hazards,  Standards,  "US 
NIST,  Nonionizing  radiation. 

This  bibliography  lists  the  publications  by  the  staff  of 
the  Electromagnetic  Fields  Division  of  the  National  In- 
stitute of  Standards  and  Technology  for  the  period  Jan- 
uary 1970  through  July  1996.  It  supersedes  NISTIR 
5039,  which  listed  the  publications  of  the  Electro- 
magnetic Fields  Division  from  January  1970  through 
July  1995.  Selected  earlier  publications  from  the  divi- 
sion's predecessor  organizations  are  included. 
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This  is  the  forty-eight  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology.  Elec- 
tronics and  Electrical  Engineering  Laboratory.  This 
issue  of  the  EEL  Technical  Publication  Announce- 
ments covers  the  first  quarter  of  calendar  year  1996. 
Abstracts  are  provided  by  technical  areas  for  both  pub- 
lished papers  and  papers  approved  by  NIST  for  publi- 
cation. 
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A  precise  measurement  of  the  ratio  of  two  cryogenic 
capacitors  is  needed  for  a  capacitor  charging  experi- 
ment using  Single  Electron  Tunneling  (SET)  phenom- 
ena. To  support  the  capacitor  charging  metrology  a  fre- 
quency characterization  of  the  capacitors  is  required. 
To  cover  the  frequency  range  from  1  Hz  to  1  kHz,  resis- 
tive and  inductive  voltage  divider  bridges  are  pro- 
posed. Preliminary  tests  suggest  that  the  uncertainty 
with  which  the  capacitor  ratio  can  be  evaluated  is  less 
than  one  part  per  1 0  to  the  sixth  power. 
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Resistive  dividers  have  the  advantages  of  dc  response 
and  stability.  However  unlike  capacitive  dividers,  they 
inevitably  involve  power  dissipation  and  also  generally 
involve  an  appreciable  inductance.  These  aspects  of 
a  resistive  divider  result  in  transient  errors,  i.e.,  errors 
which  are  a  function  of  the  applied  waveform.  The 
paper  discusses  transient  measurement  errors  of  pre- 
cision high  voltage  resistive  dividers  such  as  the  one 
recently  developed  by  NIST. 
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The  frequency  response  of  a  linear  time-invariant  sys- 
tem can  be  estimated  from  the  measurement  of  its  re- 
sponse to  an  ideal  step  input.  However,  an  ideal  step 
is  unrealizable,  and  various  other  error  sources  affect 
the  accuracy  of  such  estimates.  The  paper  investigates 
the  effect  of  using  an  uncertain  (inexactly  known),  step- 
like test  signal.  An  approach  is  developed  here  for  de- 
termining the  systematic  uncertainties  of  the  frequency 
response  estimate  of  a  device  under  test  (DUT),  when 
it  is  estimated  from  the  response,  are  converted  to  the 
frequency  domain  and  processed,  resulting  in  uncer- 
tainties for  the  frequency  response  of  the  DUT.  Also, 
a  mathematical  proof  is  provided  for  the  'envelope- 
modulation'  method  of  calculating  the  systematic  un- 
certainties of  a  frequency  response  estimate  of  a  de- 
vice, as  derived  from  the  uncertain  response  of  the  de- 
vice to  an  ideal  step. 


01,985 

PB97-111918       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Gaithersburg,  MD.  Electricity  Div. 

Optical  and  Mass  Spectrometric  Investigations  of 

Ions  and  Neutral  Species  in  SF6  Radio-Frequency 
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Radio-frequency  (rf)  discharges  at  13.56  MHz  were 
generated  in  pure  SF6  using  a  capacitively  coupled, 
parallel-plate  GEC  reference  cell  for  gas  pressures  in 
the  range  of  4-33.3  Pa  (30-250  mTorr)  and  for  peak- 
to-peak  applied  rf  voltages  in  the  range  of  100-300  V. 
The  following  measurements  were  made  during  oper- 
ation of  the  discharge:  (1)  electrical  characteristics 
which  included  power  dissipation,  voltage-current 
phase  angle,  and  the  dc  self-bias;  (2)  time-averaged 
vertical  and  horizontal  profiles  of  the  optical  emissions 
from  neutral  atomic  fluorine  for  the  2p(4)3p'  2F(0)7/2 
->  2p(4)3s'  2D5/2  and  2p(4)3p(2)p(0)3.2  -> 
2p(4)3s(2)P3/2  transitions;  (3)  spatially  resolved,  laser- 
induced  fluorescence  (LIF)  utilizing  the  2p(4)3s(4)p5/ 
2  metastable  level  of  atomic  fluorine;  (4)  mass  spectra 
of  neutral  species  in  the  plasma;  and  (5)  kinetic-energy 
distributions  and  relative  fluxes  of  mass-selected  posi- 
tive ions  extracted  from  the  plasma  through  a  0.1  mm 
diameter  orifice  in  the  grounded  electrode.  The  de- 
pendence of  the  electrical  characteristics  on  gas  pres- 
sure confirms  previous  observations  and  model  pre- 
dictions which  indicate,  for  example,  that  the  plasma 
becomes  more  resistive  as  pressure  increases. 
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A  new  refractometer  with  a  variable  length  vacuum  cell 
has  been  developed,  where  the  refractive  index  of  air 
is  determined  by  measuring  the  changes  in  the  optical 
path  difference  between  the  air  of  interest  and  a  vacu- 
um as  a  function  of  the  changes  in  the  cell  length.  An 
accuracy  of  4  x  10  to  the  minus  9th  power  has  been 
achieved. 
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The  effects  of  uncertainties  in  the  alignment  of  the 
NIST  watt  balance  with  local  gravity  and  the  magnetic 
field  of  the  balance  have  been  analyzed,  and  tech- 
niques for  measuring  all  misalignment  parameters 
have  been  developed.  The  systematic  uncertainty  in 
the  watt  measurement  due  to  alignment  has  been  re- 
duced to  0.04  micrometers  WA/V. 
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The  authors  have  measured  the  current  noise  of  silver 
thin-film  resistors  as  a  function  of  current  and  tempera- 
ture and  for  resistor  lengths  of  7000,  100,  30  and  1 
micrometers.  As  the  resistor  becomes  shorter  than  the 
electron-phonon  interaction  length,  the  current  noise  of 
large  current  increases  from  a  nearly  current  independ- 
ent value  to  the  interacting  hot-electron  value  (square 
root  3/4)2el.  However,  further  reduction  in  length  below 
the  electron-electron  interaction  length  decreases  the 
noise  to  a  value  approaching  the  independent  hot-elec- 
tron value  (1/3)2el  first  predicted  for  mesoscopic  resis- 
tors. 
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High-current,  thin-film  multijunction  thermal  converters 
(HCFMJTCs)  have  been  fabricated  at  NIST  with  heater 


ranges  from  a  new  milliamperes  to  1  A.  Multi-converter 
modules  containing  HCFMJTCs  have  also  been  con- 
structed to  measure  currents  up  to  several  amperes. 
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A  high  accuracy  sampling  voltmeter,  designed  to  span 
the  frequency  range  of  1 0  Hz  to  200  MHz  is  described. 
The  instrument  operates  autonomously,  at  a  measure- 
ment update  rate  of  at  least  one  per  second.  A  novel 
quasi-equivalent  time  sampling  process  is  sued,  with 
a  custom  strobed  comparator  as  the  sampling  device 
and  decision  element.  The  architecture  and  control  are 
presented,  along  with  the  time-base  design  principles. 
Major  error  sources  associated  with  the  time-base  are 
also  discussed. 
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Random  uncertainty  of  0.08  microWA/V  in  the  NIST 
watt  balance  has  been  achieved  by  inmprovements  in 
a  velocity  measurement  using  three  laser 
interferometers  and  by  the  elimination  of  filter  delays 
and  electrical  noise.  The  latest  results  of  this  experi- 
ment are  presented. 
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A  wideband  wattmeter  for  measuring  active  power  over 
a  frequency  range  of  dc  to  1  MHz  is  described.  The 
wattmeter  is  based  on  the  three  voltmeter  method  in 
which  three  rms  voltage  measurements  are  used  to 
calculate  power. 
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A  new  facility  to  calibrate  magnetometers  in  San  Diego 
has  recently  been  completed  as  a  cooperative  effort 


between  the  Naval  Primary  Standards  Laboratory  and 
the  National  Institute  of  Standards  and  Technology.  All 
measurements  are  NIST  traceable  through  a  nuclear 
magnetic  resonance-based  measurement.  Magnetic 
fields  from  the  0.1  microT  to  1.4  T  can  be  calibrated 
by  comparisons  with  fields  generated  by  a  series  of 
coils  or  an  electromagnet. 
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This  is  the  fifty-fifth  issue  of  a  quarterly  publication  pro- 
viding information  on  the  technical  work  of  the  National 
Institute  of  Standards  and  Technology,  Electronics  and 
Electrical  Engineering  Laboratory.  This  issue  of  the 
EEEL  Technical  Progress  Bulletin  covers  the  second 
quarter  of  calendar  year  1996.  Abstracts  are  provided 
by  technical  area  for  both  published  papers  and  papers 
approved  by  NIST  for  publication. 
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The  effects  of  nitrogen-beam  voltage  on  the  structure, 
stress,  energy  band  gap  and  hardness  of  AIN  thin  films 
deposited  on  Si(111),  Si(100)  and  sapphire  (0001)  by 
ion  beam  assisted  deposition  (IBAD)  are  reported.  As 
the  nitrogen-bean  voltage  was  increased  from  50  to 
200  V,  the  stress  and  disorder  in  the  AIN  films  in- 
creased as  determined  by  X-ray  diffraction,  FTIR  and 
Raman  spectroscopy.  The  preferred  orientation  of  the 
film's  c-axis  changed  from  completely  normal  to  the 
film  at  100  V,  to  a  mixture  of  normal  and  in  the  plane 
of  the  film  at  200  V.  For  AIN  films  deposited  under  the 
same  conditions,  the  films  were  more  highly  oriented 
on  sapphire  (0001)  than  in  Sl(111).  The  hardness  of 
the  films  increased  from  18.2  to  23.7  GPa  with  the  ni- 
trogen-beam voltage,  and  possible  reasons  for  this 
change  in  hardness  are  considered. 
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Thermal  electron  attachment  rate  constants  for 
halocarbons  in  the  gaseous  phase,  (ka)th,  and  thermal 
electron  attachment  rate  constants  for  a  number  of 
molecules  in  liquid  cyclohexane,  (ka)L,  are  summa- 
rized in  an  effort  to  discern  the  dependence  of  the  ther- 
mal electron  attachment  rate  constant  for  molecules 
embedded  in  gases  and  in  liquids  on  the  energy  posi- 
tion, E(NIS),  of  the  electron  attaching  state.  For  these 
molecules  the  (ka)th  varies  only  slightly  with  E(NIS)  as 
long  as  E(NIS)  is  less  than  0.0  eV  (i.e.,  as  long  as  the 
electron  affinity  of  the  molecule  is  positive),  but  it  de- 
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creases  precipitously  with  increasing  E(NIS)  when 
E(NIS)  greater  than  0.0  eV  (i.e.,  when  the  electron  af- 
finity of  the  molecule  becomes  negative).  The  (ka)L  ex- 
hibits a  similar  behavior  except  that  it  remains  virtually 
constant  well  above  0.0  eV,  up  to  E(NIS)  approxi- 
mately 0.9  eV,  and  thereafter  decreases  precipitously. 
This  energy  shift  between  the  gaseous  and  the  liquid 
phase  correlations  is  consistent  with  the  magnitude  of 
the  polarization  energy  of  the  anions  in  liquid 
cyclohexane  and  its  effect  on  E(NIS). 
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An  apparatus  has  been  constructed  which  measures 
both  the  force  on  a  current  loop  in  a  magnetic  field  and 
the  voltage  induced  around  that  loop  when  it  moves 
at  some  velocity  through  that  same  magnetic  field.  By 
comparing  the  force  times  the  velocity  to  the  current 
times  the  voltage,  mechanical  power  is  compared  to 
electrical  power,  and  a  value  for  the  watt  which  is  con- 
sistent in  both  electrical  mechanical  units  can  be  de- 
rived. The  kilogram  is  defined  in  terms  of  a  physical 
artifact,  and  intercomparisons  among  various  kilogram 
masses  suggest  that  the  kilogram  mass  standard 
changes  over  time.  Present  research  on  the  watt  ex- 
periment aims  to  improve  the  precision  of  the  measure- 
ment so  that  a  defined  value  of  the  watt  can  be  used 
to  monitor  the  drift  of  the  kilogram  mass  standard  in 
terms  of  fundamental  natural  constant. 
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This  paper  discusses  one  method  of  characterizing  the 
scan  plane  for  planar  near-field  measurements.  The 
method  uses  a  theodolite  autocollimator,  a  laser  inter- 
ferometer, an  electronic  level  and  an  optical  square. 
The  data  obtained  using  these  techniques  are  first 
used  to  make  alignment  corrections  to  the  scan  plane; 
then  new  data  are  used  to  determine  the  best  fit  for 
the  realigned  scan  plane.  The  normal  to  this  plane  is 
referenced  using  a  permanently  placed  mirror.  In  addi- 
tion, the  final  data  obtained  can  be  used  in  probe  posi- 
tion-correction techniques,  developed  for  planar  near- 
field  measurements. 
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This  tutorial  paper  discusses  various  standard  anten- 
nas for  measuring  radio-frequency  electric  and  mag- 
netic fields.  A  theoretical  analysis  of  each  antenna's 
receiving  characteristics  is  summarized  and  ref- 
erenced. The  standard  probes  described  are  an  elec- 
trically short  dipole,  a  resistively-loaded  dipole,  a  half- 
wave  dipole,  an  electrically  small  loop,  and  a 
resistively-loaded  loop.  A  single-turn  loop  designed  for 
simultaneous  measurement  of  the  electric  and  mag- 
netic components  of  near-fields  and  other  complex 
electromagnetic  environments  is  also  described.  Each 
type  of  antenna  demonstrates  a  different  compromise 
between  broadband  frequency  response  and  sensitiv- 
ity. 
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The  planar  near-field  measurement  technique  is  a 
proven  technology  for  measuring  ordinary  antennas 
operating  in  the  microwave  region.  The  development 
of  very  low-sidelobe  antennas  raises  the  question 
whether  this  technique  can  be  used  to  accurately 
measure  these  antennas.  The  authors  show  that  data 
taken  with  an  open-end  waveguide  probe  and  proc- 
essed with  the  planar  near-field  methodology,  includ- 
ing probe  correction,  can  be  used  to  accurately  meas- 
ure the  sidelobes  of  very  low-side-lobe  antennas  to  lev- 
els of  -55  dB  to  -60  dB  relative  to  the  main  beam  peak. 
A  special  probe  with  a  null  in  the  direction  of  the  main 
beam  was  also  used  for  some  of  these  measurements. 
This  special  probe  reduced  some  of  the  measurement 
uncertainties  but  increased  the  uncertainties  due  to 
probe-antenna  interactions.  The  authors  discuss  the 
major  sources  of  uncertainty  and  show  that  the  probe- 
antenna  interaction  is  one  of  the  limiting  factors  in  mak- 
ing accurate  measurements.  The  test  antenna  for  this 
study  was  a  slotted-waveguide  array  whose  low 
sidelobes  were  known. 
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In  calibrating  monopole  antennas,  the  length  of  the  an- 
tenna can  be  comparable  to  the  separation  distance. 
In  that  case,  there  is  a  significant  variation  in  both  the 
magnitude  and  the  phase  of  the  incident  field  along  the 
length  of  the  antenna  under  test.  This  paper  presents 
an  expression  for  a  correction  factor  to  account  for  this 
effect.  We  evaluate  the  correction  factor  for  some  rep- 
resentative cases  and  present  some  guidelines  for 
when  this  factor  should  be  taken  into  account.  The  ef- 
fect can  exceed  1  dB  in  some  practical  cases. 
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A  set  of  time-domain  characterizations  that  can  effi- 
ciently describe  wide  bank  antennas  is  proposed  in  this 
paper.  The  experimentally  measured  responses  of 
transverse  electromagnetic  horn  antennas  are  used  to 
evaluate  the  utility  of  these  characterizations.  Compari- 
sons are  made  between  the  antennas'  frequency-do- 
main response  and  their  time-domain  characteriza- 
tions. The  comparisons  show  that  the  time-domain 
characterizations  can  provide  significant  insight  into  an 
antenna's  behavior  as  well  as  providing  a  means  to  ac- 
curately compare  two  or  more  different  antennas. 
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A  new  multi-purpose  antenna  measurement  facility 
was  put  into  operation  at  the  National  Institute  of 
Standards  and  Technology  (NIST)  in  1993.  This  facility 
is  currently  used  to  perform  gain,  pattern,  and  polariza- 
tion measurements  on  probes  and  standard  gain 
horns.  The  facility  can  also  provide  spherical  and  cylin- 
drical near-field  measurements.  The  frequency  range 
is  typically  from  1  to  75  GHz.  This  paper  discusses  the 
capabilities  of  this  new  facility  in  detail. 
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This  paper  presents  the  experimental  results  of  an  an- 
tenna system  for  determining  the  radiation  characteris- 
tics of  an  electrically  small  source.  Three  orthogonal 
loop  antennas,  each  terminated  at  diametrically  oppo- 
site points  with  identical  loads,  encircle  the  source  and 
characterize  its  equivalent  electric  and  magnetic  dipole 
moments.  The  total  radiated  power  can  be  determined 
from  this  near-field  measurement  of  the  device  under 
test.  The  test  system  operates  from  3  kHz  to  over  100 
MHz  with  up  to  90  dB  of  dynamic  range. 
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Accurate  multiwavelength  radiometric  remote  sensing 
of  the  ocean  and  the  atmosphere  from  an  aircraft  re- 
quires antennas  with  the  same  beamwidth  at  the  var- 
ious frequencies  of  operation.  An  offset  antenna  was 
designed  with  a  pressure-compensating  corrugated 
feed  horn  to  meet  this  criterion.  A  specially  designed 
fairing  was  incorporated  into  the  antenna  to  optimize 
the  aerodynamics  and  minimize  the  liquid  build  up  on 
the  antenna  surfaces.  The  antenna  has  two  positions, 
the  zenith  (up)  position  and  the  nadir  (down)  position. 
The  far-field  pattern  results  show  that  the  antenna 
beamwidths  at  23.87  and  31.65  GHz  agree  well  with 
design  criterion.  This  antenna  was  recently  used  in  an 
ocean  remote-sensing  experiment  and  performed  ac- 
cording to  expectations. 
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This  tutorial  paper  discusses  various  standard  anten- 
nas for  measuring  radio-frequency  electric  and  mag- 
netic fields.  A  theoretical  analysis  of  each  antenna's 
receiving  characteristics  is  summarized  and  ref- 
erenced. The  antennas  described  are  an  electrically 
short  dipole,  a  resistively  loaded  short  dipole  and  halt- 
wave  dipole,  an  electrically  small  loop,  a  resistively 
loaded  loop,  photonic  probes,  and  a  single-turn  loop 
designed  for  simultaneous  measurement  of  the  electric 
and  magnetic  components  of  near-fields  and  other 
complex  electromagnetic  (EM)  environments.  Each 
type  demonstrates  a  different  compromise  between 
broadband  responses  and  sensitivity.  This  paper  also 
discusses  the  calibration  techniques  for  these  probes 
using  standard  EM  fields  established  in  transmission 
electron  microscopy  (TEM)  cells,  waveguide  cells,  an- 
echoic  chambers,  and  open-field  sites. 
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Expressions  are  presented  for  describing  incoming 
and  outgoing  fields  about  an  antenna  in  terms  of  a  se- 
ries of  exciting  and  emergent  vector  spherical-wave 
functions.  The  exciting  and  emergent  fields  around  the 
antenna's  exterior  are  related  to  the  field  in  the  antenna 
feed  via  a  source-scattering  matrix  representation.  A 
series  of  so  called  spherical-wave  source-scattering 
matrix  coefficients  are  then  related  to  more  conven- 
tional parameters  such  as  antenna  gain  and  receiving 
cross  section.  An  overview  of  rotation  and  translation 
theorems  for  transforming  vector  spherical-wave  func- 
tions between  two  distinct  coordinate  systems  is  given, 
followed  by  a  general  solution  to  the  problem  of  ex- 
pressing the  coupling  between  two  coupled  antennas 
in  terms  of  each  antenna's  spherical-wave  source- 
scattering  matrix  representation.  The  authors  go  on  to 
consider  special  results  to  substantiate  their  formula- 
tion, such  as  showing  equivalence  between  the  cou- 
pling equations  for  transmission  in  opposite  directions 
when  the  antennas  are  reciprocal,  showing  uniform 
convergence  of  some  series  representations  for  an- 
tenna coupling  and  simultaneously  obtaining  a  coordi- 
nate-system translation  theorem  for  the  dyadic  Green's 
function,  and  lastly  showing  that  the  authors'  two-an- 
tenna coupling  equations  reduce  to  expressions  for  the 
incident  and  emergent  fields  about  a  single  antenna 
when  the  other  antenna  is  an  elementary  dipole.  Effi- 
cient probe-corrected  spherical  and  hemispherical 
scanning  algorithms  are  then  developed  for  processing 
measured  near-field  data  to  obtain  antenna's  far-field 
pattern.  Finally,  the  authors  describe  a  number  of  self- 
consistency  tests  and  theoretical-data  simulations  that 
were  developed  to  validate  their  spherical-scanning  al- 
gorithm, and  they  describe  an  independent  experi- 
mental verification. 
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Accurate  multiwavelength  radiometric  remote  sensing 
of  the  ocean  and  the  atmosphere  from  an  aircraft  re- 
quires antennas  with  the  same  beamwidth  at  the  var- 
ious frequencies  of  operation.  Scientists  at  the  National 
Oceanic  and  Atmospheric  Administration  designed  an 
offset  antenna  with  a  pressure-compensating  cor- 
rugated feed  horn  to  meet  this  criterion.  A  specially  de- 
signed fairing  was  incorporated  into  the  antenna  to  op- 
timize the  aerodynamics  and  minimize  the  liquid  build- 
up on  the  antenna  surfaces.  The  antenna  has  two  posi- 
tions: the  zenith  (up)  position  and  the  nadir  (down)  po- 
sition. The  planar  near-field  facility  at  the  National  Insti- 
tute of  Standards  and  Technology  was  used  to  deter- 
mine the  far-field  pattern  of  the  antenna.  The  results 
show  that  the  antenna  beamwidths  at  23.87  and  31 .65 
Ghz  are  nearly  the  same  as  expected  from  the  design 
criterion.  This  antenna  was  recently  used  in  an  ocean 
remote-sensing  experiment  and  performed  according 
to  expectations. 
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The  presentation  defines  and  discusses  the  capabili- 
ties of  near-field  antenna  test  techniques,  specifically 
for  the  requirements  associated  with  the  development 
and  verification  testing  of  reconfigurable,  multibeam 
frequency  reuse,  commercial  satellite  antennas.  This 
discussion  focuses  on  the  planar  near-field  measure- 
ment method  and  covers  the  determination  of  sampling 
criteria  and  scan  limits,  development  of  diagnostic  and 
design  assist  methods,  development  of  beam  align- 
ment technqiues,  and  specification  of  hardware  re- 
quirements for  the  measurement  system. 
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The  scattering  of  a  plane  wave  broadside  incident  to 
a  dipole  antenna  with  a  symmetrically  placed,  open- 
circuited  gap  is  treated.  The  induced  currents  on  the 
antenna  are  found  by  solving  the  electric-field  integral 
equation  by  means  of  a  Galerkin  moment  method.  The 
resulting  current  distribution  is  then  used  to  compute 
line  integrals  of  the  scattered  electric  field  along  appro- 
priate paths.  The  line  integral  is  first  evaluated  directly 
across  the  dipole  gap  in  order  to  compute  the  effective 
length,  but  severe  convergence  problems  are  encoun- 
tered. This  problem  is  due  to  the  presence  of  charge 
singularities  at  the  gap  edges.  Instead  of  incorporating 
the  singular  charge  behavior  into  the  basis  functions, 
a  line  integral  is  evaluated  along  a  path  that  alleviates 
the  convergence  difficulties.  This  remedy  is  developed 
first  for  an  electrostatic  case  and  then  for  the  dynamic 
scattering  problem. 
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The  authors  investigated  two  methods  of  probe-posi- 
tion error  correction  to  determine  how  well  the  cor- 
rected results  compare  to  the  uncorrupted  far  field:  the 
k-correction  method  and  the  Taylor-series  method.  For 
this  investigation,  the  authors  measured  a  1.2  m  dish 
at  4  GHz  and  a  1.2  m  by  0.9  m  phased  array  at  2.2 
GHz.  Measurements  were  made  first  without  position 
errors  and  then  with  deliberate  z-position  errors.  The 
authors  performed  probe-position  error  correction 
using  both  methods  and  compared  the  results  to  the 
error-free  far  field. 
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In  this  report  the  authors  will  examine  the  use  of  a  well 
characterized  standard  source  of  electromagnetic  radi- 
ation as  a  means  to  calibrate  the  effects  of  the  shielded 
room  on  a  receiving  antenna  used  for  MILSTD  461/ 
462  RE102  emissions  measurement.  The  goal  was  to 
compensate  for  the  shielded  room  environment  so  that 
radiated  emissions  measurements  can  be  more  accu- 
rately compared  from  one  room  to  another.  This  was 
accomplished  by  using  a  characterized  spherical 
dipole  source  to  calibrate  an  antenna's  response  in  the 
location  that  it  was  used.  An  interlaboratory  compari- 
son was  made  of  the  detected  emissions  from  a  simu- 
lated equipment-under-test  at  three  sites  to  see  how 
this  in-situ  calibration  of  the  receive  antenna  helped  the 
shielded  room  test  repeatability. 
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Establishing  standards  for  electromagnetic  (EM)  field 
measurements  is  a  multifacted  endeavor  which  re- 
quires measurements  made  (1)  in  anechoic  chambers, 
(2)  at  open  sites,  and  (3)  within  guided-wave  structures 
and  the  means  of  transferring  these  measurements 
from  one  situation  to  another.  The  underlying  principles 
of  these  standard  measurements  and  transfer  stand- 
ards fall  into  one  of  two  categories:  measurements  and 
theoretical  modeling.  That  is,  either  a  parameter  or  a 
set  of  parameters  is  measured,  or  a  parameter  is  cal- 
culated by  established  physical  and  mathematical  prin- 
ciples. In  the  following,  the  three  measurement  topics 
and  field  transfer  standards  will  be  discussed,  with  the 
guided-wave  structures  restricted  to  the  transverse 
electromagnetic  (TEM)  cell  and  the  waveguide  cham- 
ber. Throughout  the  discussion  the  interplay  between 
measured  quantitites  and  predicted  (modeled)  quan- 
tities will  be  seen.  The  frequencies  considered  here 
range  from  10  kHz  to  40  Ghz  (and  upward)  and  are 
determined  by  our  ability  to  made  an  actual  measure- 
ment and  the  restrictions  imposed  by  rigorous  theoreti- 
cal analysis  of  a  given  model. 
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The  development  of  very-low-sidelobe  antennas  raises 
the  question  of  whether  or  not  the  planar-near-field 
method  can  be  used  to  accurately  measure  these  an- 
tennas. Recently,  scientists  at  several  organizations 
showed  that  data  taken  and  processed  with  the  planar- 
near-field  methodology,  including  probe  correction, 
can  be  used  to  accurately  measure  the  sidelobes  of 
ver-low-sidelobe  antennas.  This  can  be  done  to  levels 
of  -55  dB  to  -60  dB,  relative  to  the  mainbeam  peak  (1). 
This  paper  highlights  these  results,  including  a  com- 
parison of  the  far  field,  from  the  planar-near-field  meth- 


od, with  the  far  field,  found  on  a  far-field  range.  The 
test  antenna  for  this  study  was  slotted-waveguide 
array,  the  low  sidelobes  for  which  were  known.  The 
near-field  measurements  were  conducted  on  the  NIST 
planar-near-field  facility. 
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We  discuss  how  RCS  targer  depolarization  enhances 
cross-polarization  contamination,  and  we  present  a 
graphical  study  of  measurement  error  due  to  depolar- 
ization by  an  inclined  dihedral  reflector.  Error  correc- 
tion requires  complete  polarimetric  RCS  measure- 
ments. We  present  a  simple  polarimetric  calibration 
scheme  that  is  applicable  to  reciprocal  antenna  radars. 
This  method  uses  a  dihedral  calibration  target  mounted 
on  a  rotator.  Because  the  calibration  standard  can  be 
rotated,  there  is  no  need  to  mount  and  align  multiple 
separate  standards,  and  clutter  and  noise  may  be  re- 
jected by  averaging  over  rotation  angle. 
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Some  components  of  the  electromagnetic  field  near 
the  edge  of  a  dielectric  wedge  diverge.  The  computa- 
tion of  the  fields  scattered  by  the  wedge  can  be  done 
by  solving  a  singular  integral  equation  (SIE)  or  a 
hypersingular  integral  equation  (HIE)  (2)  -  (4).  The  un- 
known boundary  function  diverges  near  the  edge  for 
the  SIE  and  tends  to  a  constant  for  the  HIE.  Thus,  the 
method  using  the  HIE  does  not  require  the  computa- 
tion of  the  boundary  function  closer  to  the  edge  that 
the  closest  field  point,  since  this  function  can  be  ap- 
proximated by  a  constant  and  the  remainder  of  the  in- 
tegral can  be  evaluated  numerically.  Nevertheless,  the 
integrand  varies  rapidly,  like  I/R2,  over  the  patch  and 
a  number  of  special  precautions  have  to  be  taken.  The 
authors  need  to  verify  the  expected  behavior  of  fields 
near  sharp  edges  because  the  theory  is  not  rigorous. 
If  the  unknown  function  is  constant  near  the  edge  of 
the  wedge,  the  behavior  of  the  fields  is  determined  by 
the  remainder  of  the  integrand.  The  neighboring-patch 
contributions  were  previously  examined  under  the  as- 
sumption taht  the  small-argument  approximation  of  the 
Hankel  functions  could  be  used.  Here  the  authors  relax 
this  assumption.  Similar  corrections  are  required  in  the 
computation  of  the  field  components  when  the  distance 
between  the  field  point  and  the  patch  is  small  com- 
pared to  the  wavelength.  Although  the  field  integrals 
are  finite,  the  behavior  of  the  integrand  is  the  same  as 
that  for  the  neighboring-patch  contributions. 
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The  design  and  operation  of  an  automated  measure- 
ment system  designed  to  measure  power  accurately 
at  the  level  of  1  mW  and  at  the  frequency  of  1  GHz 
are  described.  The  system  consists  of  commercial 
IEEE  Std-488  bus-controlled  instruments,  a  computer 
controller,  and  software.  The  results  of  a  series  of 
measurements  are  output  to  the  computer  display  and, 
optionally,  to  a  printer.  The  results  are  the  mean  of  the 
measurement  series  and  an  estimate  of  the  Type  A 
(here  random)  and  Type  B  (here  systematic)  uncer- 
tainty. The  estimated  total  expanded  uncertainty  for  the 
average  of  six  consecutive  measurements  of  a  nominal 
1  mW,  1  GHz  source  is  typically  less  than  1  percent. 
The  system  can  measure  any  power  for  0.1  to  10  mW 
at  any  microwave  frequency  by  making  appropriate 
changes  to  the  software  and,  possibly,  the  hardware. 
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There  has  been  a  recent  interest  in  and  demand  for 
a  calibration  service  at  NIST  to  support  rf  attenuators 
and  voltage  doublers  that  operate  specifically  at  30 
MHz.  The  first  step  required  to  offer  such  a  service  is 
to  develop  a  reference  standard.  For  the  best  possible 
accuracy,  a  tuned  single-element  thermistor  mount 
was  chosen.  A  linear  measurement  system  was  de- 
signed and  constructed  at  NIST  to  calibrate  the 
nonlinearity  of  this  mount.  The  paper  contains  a  de- 
scription of  the  LMS,  an  explanation  of  the  measure- 
ment scheme,  calibration  results,  and  an  uncertainty 
analysis. 
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Null-Balanced  Total-Power  Radiometer  System 
NCS1. 
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A  recently  developed  radiometer  system  NCS1  is  used 
to  calibrate  thermal  noise  temperature  at  any  fre- 
quency between  1.0  GHz  and  12.0  GHz.  Any  cryo- 
genic noise  source  can  be  measured;  the  upper  limit 
of  noise  temperatures  measured  without  a  loss  of  ac- 
curacy is  estimated  to  be  about  100,000  K.  For  a  typi- 
cal hot  noise  source  with  the  noise  temperature  of 
8400  K  and  a  reflection  coefficient  magnitude  of  0.1, 
the  expanded  uncertainty  is  about  1.8%,  and  the  sys- 
tem sensitivity  about  2  K.  Implemented  in  Type  N  con- 
nector, it  can  be  easily  modified  to  calibrate  noise 
sources  with  other  coaxial  connectors  or  waveguide 
flanges. 
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A  system  equation  of  a  recently  developed  null-bal- 
anced, total-power  radiometer  system  is  rigorously  de- 
rived. Delivered  noise  power  and  temperature  is  relat- 
ed to  available  power  (temperature)  through  an  exten- 
sion of  the  mismatch  factor  to  broadband  systems.  The 
available  power  ratio,  the  available  gain,  and  the  deliv- 
ered power  ratio  (efficiency)  are  defined.  Properties  of 
idealized,  but  in  principal  realizable  components  such 
as  an  infinitely  directive  isolator  and  a  lossless 
matched  waveguide-below-cutoff  attenuator  are  used. 
A  cascading  technique  is  repeatedly  applied  to  the  fun- 
damental noise  equation.  Mathematically  modeling  the 
experimental  procedure  of  sequentially  attaching  the 
two  noise  standards  and  the  unknown  source  to  the 
system  input,  the  authors  obtain  the  system  of  three 
equations  that  can  be  solved  for  the  noise  temperature 
of  the  unknown  noise  source. 
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Standard  uncertainties  are  evaluated  for  the  null-bal- 
anced, total-power,  heterodyned  radiometer  system 
with  a  switched  input  that  was  recently  developed  at 
NIST  to  calibrate  thermal  noise  sources.  Eight  signifi- 
cant sources  of  uncertainty  due  to  systematic  effects 
are  identified,  two,  attributable  to  the  two  noise  stand- 
ards, and  one  each  to  connectors,  the  input  mismatch, 
the  input  switch  asymmetry,  the  isolator,  the 
broadband  mismatch  and  the  attenuator.  The  com- 
bined standard  uncertainty  of  a  typical  coaxial  noise 
source  calibration  at  the  representative  frequency  of  2 
GHz  is  about  1%.  A  strategy  for  reducing  uncertainties 
is  discussed. 
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Several  tests  have  been  developed  to  locate  leakage 
currents  in  cryogenic  current  comparator  (CCC)  resist- 
ance ratio  bridges  used  at  NIST  to  measure  ratios  of 
1,000  ohms/100  ohms,  6,453.2  ohms/100  ohms,  and 
10  k(ohms)/100  ohms.  The  major  advantage  of  the 
tests  is  that  they  can  be  performed  in  situ  using  the 
sensitivity  of  the  CCC  bridge.  These  test  procedures 
have  been  used  to  reduce  the  leakage  error  uncer- 
tainty of  CCC  ratio  measurements  linking  working 
standards  to  the  quantized  Hall  resistance  (QHR)  and 
to  the  NIST  calculable  capacitor  experiment.  CCC 
bridges  require  that  the  current  which  passes  through 
a  standard  resistor  must  equal  the  current  through  the 
appropriate  CCC  winding  to  very  high  precision.  This 
can  be  difficult  to  verify  at  or  below  1  pA  because  a 
large  number  of  possible  leakage  paths  exist.  Errors 
due  to  six  important  leakage  current  paths  are  given. 
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Kerr-cell  measuring  systems  can  be  used  for  high-volt- 
age measurements  from  direct  voltage  up  to  impulses 
with  a  few  nanoseconds  risetime.  In  principle,  this  al- 
lows a  measuring  system  for  impulses  to  be  calibrated 
at  high-voltage  using  direct  or  alternating  voltage  which 
can  be  measured  with  a  smaller  uncertainty  than  is 
needed  for  impulse  measurements.  Unfortunately,  the 
liquid  normally  used  in  such  systems,  nitrobenzene, 
degrades  with  time.  This  paper  reports  on  an  investiga- 
tion into  methods  of  calibrating  an  aged  Kerr-cell  so 
that  a  measuring  system  based  on  a  Kerr-cell  could 
be  used  as  a  Reference  Measuring  System.  The 
repeatability  of  measurements  using  a  fixed  geometry 
to  determine  the  voltage  scale  factor  was  also  inves- 
tigated. 
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Coaxial,  thermal  voltage  converters  were  hand-carried 
among  NIST,  NPL,  PTB,  and  VSL  for  intercomparison 
of  ac-dc  difference  from  100  kHz  to  1  MHz.  This  paper 
briefly  describes  the  highly  varied  methods  and  under- 
lying principles  on  which  ac-dc  difference  determina- 
tions are  based  in  each  laboratory,  the  transport  stand- 
ards used,  and  the  results  of  the  intercomparisons.  The 
ac-dc  differences  reported  by  the  participating  labora- 
tories are  in  very  good  agreement.  It  has  been  con- 
cluded that  representative  values  of  ac-dc  difference 
in  the  100  kHz  to  1  MHz  frequency  range  have  been 
established  with  2(Sigma)  uncertainties  of  4-8  ppm. 
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Coaxial  thermal  voltage  converters  have  been 
intercompared  among  NIM,  NIST,  PTB,  SIRI,  and  VSL 
in  the  frequency  range  from  10  MHz  to  100  MHz.  The 
intercomparisons  were  made  from  1988  through  1990. 
This  paper  briefly  describes  the  highly  varied  methods 
and  underlying  principles  on  which  RF-dc  difference 
determinations  are  based  in  each  laboratory,  the  trans- 
port standards  used,  and  the  results  of  the 
intercomparisons.  The  results  from  the  participating 
laboratories  are  in  very  good  agreement;  therefore,  we 
believe  that  the  determinations  of  RF-dc  difference  in 
this  frequency  range  are  very  well  established. 
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Recent  proposals  in  committee  drafts  of  IEC  TC42 
have  placed  greater  emphasis  on  the  use  of  compara- 
tive measurements  as  a  method  of  qualifying  impulse 
measuring  systems.  This  paper  describes  some  further 
investigations  of  comparative  measurements  where  a 
Kerr-cell  system  is  compared  against  a  system  based 
on  a  resistor  divider.  The  paper  describes  the  experi- 
mental techniques  used  to  make  comparative  meas- 
urements, and  the  results  of  tests  on  the  linearity  of 
the  systems  are  presented.  Finally,  recommendations 
are  made  for  the  use  of  comparative  measurements 
in  qualifying  impulse  measuring  systems. 
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X-ray  laminography,  a  tomographic  technique  that  can 
examine  individual  planes  of  focus  within  a  three-di- 
mensional structure,  promises  to  be  an  excellent  meth- 
od of  inspecting  complicated  circuit  boards.  The  sys- 
tem has  accuracy  and  reproducibility  that  are  appro- 
priate for  circuit  board  inspection,  however  its  applica- 
tion has  been  limited  by  a  lack  of  physical  standards 
to  verify  machine  performance.  The  report  describes 
the  development  of  devices  to  measure  the  resolution 
of  a  laminography  system  and  reports  the  system  reso- 
lution measured  with  these  devices.  The  system  which 
the  authors  evaluated  uses  a  scanned  beam  technique 
to  select  a  plane  of  focus  (slice)  within  a  three-dimen- 
sional structure.  The  scanned  beam  technique  pro- 
vides very  good  z-dimension  resolution.  It  is  able  to 
minimize  the  contribution  from  out-of-plane  objects  to 
the  image.  However,  the  authors  noted  one  example 
of  an  incorrect  height  (measurement  artifact  due  to  ge- 
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ometry),  when  used  with  a  hollow  sphere  image  quality 
indicator  design  (not  representative  of  solder  joint 
shapes). 
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Series  arrays  typically  including  1 ,500  Josephson  junc- 
tions driven  at  90  GHz  have  been  used  to  generate 
quantized  reference  voltages  in  excess  of  10  V.  Such 
standards  simplify  the  procedure  and  reduce  the 
measurement  uncertainties  in  the  calibration  of  electro- 
chemical cells. 
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The  purpose  of  the  research  is  to  arrive  at  tractable 
(non-burdensome)  guidelines,  standards,  and  pre- 
cautions for  test  methods  used  in  determining  the  de- 
pendence of  the  output  frequency  of  precision  oscilla- 
tors on  temperature,  humidity,  and  pressure.  Over 
specification,  under  specification,  or  the  lack  of  proper 
specification  will  miscommunicate.  We  offer  a  perspec- 
tive for  the  manufacturer  and  the  designer,  as  well  as 
the  user  so  that  clear  understanding  and  communica- 
tion can  occur.  The  guidelines,  standards  and  pre- 
cautions encourage  consistency  and  repeatability  for 
measurement  and  specification  of  environmental  sen- 
sitivities. We  believe  very  large  cost  savings  will  be  ap- 
preciated if  these  guidelines,  standards  and  pre- 
cautions are  followed. 


02.032 

PB94-198413       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Gaithersburg,  MD.  Electricity  Div. 
Automatic  Inductive  Voltage  Divider  Bridge  Oper- 
ates from  1 0  Hz  to  1 00  kHz. 
Final  rept. 

S.  Avramov,  N.  M.  Oldham,  D.  G.  Jarrett,  and  B.  C. 
Waltrip.  1993,  5p. 

Pub.  in  Institute  of  Electrical  and  Electronics  Engineers 
Transactions  on  Instrumentation  and  Measurement  42, 
n2  p1 31  -1 35  Apr  93.  See  also  PB93-1 35572. 

Keywords:  "Voltage  dividers,  "Impedance  bridges, 
Calibrating,  Instrument  compensation,  Automation, 
Computer  applications,  Alternating  current,  Induct- 
ance, Reprints,  IVD(lnductive  voltage  dividers). 

A  bridge  to  calibrate  programmable  and  manual  induc- 
tive voltage  dividers  is  described.  The  bridge  is  based 
on  a  programmable  30  b  binary  inductive  voltage  di- 
vider with  terminal  linearity  of  +  or  -  0.1  ppm  in  phase 
and  +  or  -  2  ppm  quadrature  at  400  Hz.  Measurements 
of  programmable  test  dividers  can  be  automated  using 
software  developed  to  align  the  bridge  components 
and  perform  an  automatic  balance. 
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A  Josephson  array  voltage  standard  that  operates  at 
24  GHz  has  been  designed  and  fabricated.  Optimum 
selection  of  junction  parameters  makes  possible  step 
stability  times  of  20  minutes,  which  is  more  than  ade- 
quate for  calibrations  at  the  1-V  level.  Designs  using 
both  probe  and  finline  microwave  couplers  were  test- 
ed. The  probe  coupler  was  about  3  dB  more  efficient 
and  allowed  a  smaller  chip  and  a  less  expensive 
mount.  The  reduced  operating  frequency  allows  sub- 
stantial advantages  in  cost  and  reliability  over  more 
conventional  devices  that  operate  at  70-100  GHz. 
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The  accuracy  of  conventional  microwave  power  me- 
ters is  limited  by  the  fact  that  some  of  the  power  dis- 
sipated in  the  meter  is  not  sensed  by  the  bolometric 
detector.  In  a  proposed  power  meter,  superconducting 
materials  are  used  to  virtually  eliminate  this  source  of 
error.  Our  goal  is  to  measure  a  power  of  10mW  at  fre- 
quencies in  the  WR-22  band  (33  to  50  GHz)  with  an 
accuracy  of  0.02%. 
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A  panel  session  on  digital  techniques  in  high  voltage 
(HV)  tests  was  held  at  the  IEEE  PES  Summer  Meeting 
in  Long  Beach,  CA  (July  1989).  This  panel  addressed 
the  question  of  how  signal  processing  can  be  used  to 
enhance  HV  tests  and  extract  more  information  from 
them.  Part  1  dealt  with  the  evaluation  of  digitizers  and 
records,  and  Part  2  dealt  with  the  application  of 
digitizers  to  industrial  testing.  This  paper  presents  an 
outline  of  the  Panel  Session  and  lists  pertinent  ref- 
erence material. 
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An  active  inductive  shunt  with  high  accuracy  and  wide 
frequency  range  is  introduced  in  this  paper.  The  new 
shunt  can  be  used  in  the  audio  frequency  band.  It  has 
a  wide  current  ratio  (0.01  - 1)  and  good  loading  capac- 
ity. If  the  external  burden  of  the  inductive  shunt  is  an 
ac  standard  resistor,  it  will  become  an  ac  current  to 
voltage  transducer  that  can  be  used  in  many  electro- 
magnetic measurements.  The  relative  uncertainty  in 
the  current  ratio  of  the  new  shunt  is  (1+j1)  ppm  to 
(8+j8)  ppm  over  the  frequency  range  from  40  Hz  to  10 
kHz. 
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Techniques  are  presented  for  developing  linear  error 
models  for  analog  and  mixed-signal  devices.  A  simula- 
tion program  developed  to  understand  the  modeling 
process  is  described  and  results  of  simulations  are  pre- 
sented. Methods  for  optimizing  the  size  of  empirical 
error  models  based  on  simulated  error  analyses  are 
included.  Once  established,  the  models  can  be  used 
in  a  comprehensive  approach  for  optimizing  the  testing 
of  the  subject  devices.  Models  are  developed  using 
data  from  a  group  of  13-bit  A/D  converters  and  com- 
pared with  the  simulation  results. 
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An  approach  to  the  analysis  of  large  circuits  based  on 
the  use  of  the  large  change  sensitivity  technique  ap- 
plied to  decomposed  networks  is  presented.  As  a  re- 
sult of  this  approach,  a  simple,  compact  notation  for 
the  solution  vector  is  derived.  The  method  is  applicable 
to  nonlinear  analogue  networks  with  hierarchical  de- 
composition simulated  by  inserted  ideal  switches.  A 
simple  illustrative  example  is  given. 
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The  quantization  of  flux  in  a  closed  superconducting 
circuit  is  used  to  provide  a  stable  reference  current.  A 
10  mA  current  source  is  coupled  through  a  toroidal 
transformer  to  a  dc  SQUID  input,  and  the  resulting  sig- 
nal is  fed  back  as  an  error  current.  The  result  is  a  net 
flux  linkage  that  exhibits  short-term  stability  of  1  part 
in  10(exp  9)/h.  The  net  current  is  quantized  with  a  step 
size  of  59.4  nA,  and  it  will  exhibit  the  same  stability 
as  the  flux  provided  the  mutual  inductance  of  the  trans- 
former remains  constant.  This  current  is  passed 
through  a  precise  100  ohm  resistor  and  compared 
against  Zener  diode  references.  The  observed  tem- 
perature coefficient  for  the  flux  transformer  is  28.5  + 
or  -  3  ppm/K  at  4.2  K.  Possible  sources  for  the  tem- 
perature dependence  are  discussed. 
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The  electronic  charge  can  be  determined  by  placing 
a  known  number  of  electrons  on  a  calibrated  capacitor 
and  measuring  the  resulting  voltage.  Single  electron 
tunneling  (SET)  electrometers  with  sufficient  sensitivity 
for  this  application  have  been  fabricated.  We  report  on 
the  design  and  preliminary  results  of  a  capacitance 
bridge  experiment  using  an  SET  electrometer  to  meas- 
ure two  capacitors  in  a  dilution  refrigerator.  This  in- 
cludes discussion  of  issues  such  as  the  leakage  rate 
of  a  capacitor  at  cryogenic  temperatures  and  the  opti- 
mum coupling  of  the  electrometer  to  the  bridge  circuit. 
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Two  inductive  voltage  dividers  (IVDs)  used  for  tem- 
perature measurements  in  NASA's  Zeno  experiment 
were  tested.  In  order  to  obtain  the  required  resolution 
of  10  parts-per-billion,  a  30-bit  binary  inductive  voltage 
divider  developed  at  the  National  Institute  of  Standards 
and  Technology  was  used  to  measure  the  differential 
linearity  of  the  Zeno  IVDs.  Automatic  measurements 
were  performed  on  the  dividers  in  the  Zeno  engineer- 
ing model  at  frequencies  of  266  and  351  Hz  over  a 
ratio  range  of  0.55-0.56.  The  measured  differential  lin- 
earity limits  of  temperature  resolution  of  5  microK. 

02,042 

PB95-152856       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Gaithersburg,  MD.  Electricity  Div. 

Inductive  Voltage  Divider  Calibration  for  the  NASA 

Flight  Experiment. 

Final  rept. 

S.  Avramov,  N.  M.  Oldham,  and  R.  W.  Gammon. 
1993,  8p. 

Contract  NASA-NAS-3-25370 

Sponsored  by  National  Aeronautics  and  Space  Admin- 
istration, Washington,  DC. 

Pub.  in  Proceedings  of  National  Computer  Systems 
Laboratory  Workshop  and  Symposium,  Albuquerque, 
NM.,  July  25-29,  1993,  p225-232. 

Keywords:  'Voltage  dividers,  'Calibration,  Tempera- 
ture control,  Thermostats,  Automation,  Impedance 
bridges,  Hz  range,  Linearity,  Tests,  Reprints,  Inductive 
voltage  dividers,  Zeno  experiment. 

The  inductive  voltage  dividers  (IVDs)  used  in  the  ther- 
mostat of  NASA's  Zeno  experiment  were  tested  using 
an  automatic  IVD  bridge  developed  at  the  National  In- 
stitute of  Standards  and  Technology  (NIST).  To 
achieve  +  or  -10  microK  temperature  control,  the  ther- 
mostat must  be  able  to  measure  resistance  ratios  with 
a  differential  linearity  of  +  or  -0.1  parts-per-million 
(ppm).  The  test  results  show  that  within  a  ratio  range 
of  0.5  to  0.6  at  frequencies  between  200  Hz  and  400 
Hz,  the  thermostat  IVDs  were  linear  to  +  or  -0.07  ppm. 
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An  alternative  treatment  of  amplifier  noise  which,  in 
contrast  to  some  of  the  earlier  treatments,  is  'terminal 
invariant'  at  the  output  as  well  as  input  terminals  is  pre- 
sented. As  a  practical  consequence,  the  model  pro- 
vides a  reduced  sensitivity  to  connector  imperfections, 
and  the  problems  in  defining  characteristic  impedance. 
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Microwave  noise  measurement  systems  of  a  double- 
sideband  heterodyne  design,  with  a  wide  bandwidth 
and  an  electrically  long  transmission  line  at  the  input, 
may  suffer  from  a  large  error;  systems  with  a  high  IF 
are  especially  vulnerable.  An  IF  filter  may  be  employed 
to  reduce  the  error  to  a  negligible  level. 
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We  have  developed  a  X-band  frequency  source  that 
has  very  high  spectral  purity  and  is  suitable  for  fre- 
quency synthesis  and  many  kinds  of  high-resolution 
spectroscopy.  A  commercial  dielectric  resonator  oscil- 
lator (DRO)  is  frequency  locked  to  a  high-Q  cavity  used 
as  a  frequency  discriminator.  Many  systems  have  been 
developed  in  the  past  for  locking  a  source  to  a  ref- 
erence cavity.  The  distinguishing  features  of  our  ap- 
proach are  given.  We  describe  the  design  of  the  dis- 
criminator cavity,  the  phase  compensated  frequency- 
locked  loop,  and  the  phase  and  amplitude  noise  per- 
formance. We  also  discuss  vibration  sensitivity,  tech- 
niques for  automatically  locking  to  the  low  frequency 
reference,  and  the  reduction  of  60  Hz  sidebands. 
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We  have  fabricated  series  arrays  of  100  dc  SQUIDs 
using  a  Nb-AIO(x)-Nb  trilayer  junction  process.  The 
SQUIDs  are  modulated  with  a  common  flux  bias  line, 
and  produce  an  output  voltage  swing  of  several 
millivolts  across  the  array.  The  large  output  voltage  al- 
lows direct  connection  to  room  temperature  electronics 
without  the  transformer  coupling  and  resulting  fre- 
quency limitations  commonly  associated  with  dc 
SQUID  amplifiers.  We  have  measured  a  bandwidth  of 
dcto  at  least  175  MHz  for  a  100-SQUID  array. 
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Five  Josephson-array  voltage  standard  systems  were 
compared  using  several  different  methods.  All  of  the 
tests  were  performed  on  site  at  a  1.018-V  level,  either 
by  direct  connection  or  through  successive  measure- 
ments of  independent  voltage  sources.  The  resulting 
agreement  between  different  systems  measuring  the 
same  source  were  generally  better  than  10.0  parts  in 
1 0(exp  -9),  limited  by  source  noise  and  detector  resolu- 
tion. Direct  array-to-array  comparisons  for  independent 
systems  achieved  agreement  to  within  random  uncer- 
tainties of  0.2  parts  in  10(exp  -9). 
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We  have  fabricated  and  characterized  electrically  tun- 
able high  temperature  superconductor  microstrip  reso- 
nators incorporating  YBa2Cu30(7-x)  superconductor 
and  SrTi03  ferroelectric  films.  Early  versions  of  these 
and  similar  devices  were  described  previously.  The 
resonators  consist  of  two  co-linear  microstrip  line-sec- 
tions separated  by  a  5  micrometer  gap.  The  capaci- 
tance of  the  gap  influences  the  frequencies  of  the  odd- 
order  coupled  resonances.  Inductively  choked  dc  bias 
lines  are  attached  to  each  line  section  so  that  a  bias 
voltage  can  be  applied  to  the  gap.  When  the  gap  is 
filled  with  a  ferroelectric  material,  the  odd  resonances 
can  be  tuned.  Frequency  shifts  of  300  MHz  have  been 
observed  with  a  bias  voltage  of  50  V  for  resonances 
at  5.6  GHz  and  1 1 .6  GHz.  The  tunability  is  independent 
of  temperature  from  4  K  to  80  K. 
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In  a  companion  paper,  the  proposed  use  of  a  'stable 
solid  programmable  impedance  generator'  as  a  cali- 
bration transfer  and  verification  standard  for  vector  net- 
work analyzers  (VNA)  has  been  suggested.  An  obvi- 
ous requirement  is  that  the  multistate  device  provide 
a  high  degree  of  stability  and  repeatability.  This  paper 
describes  a  series  of  preliminary  tests,  using  the  NIST 
six-port  systems,  to  evaluate  the  parameters  of  inter- 
est. The  application  of  this  device  in  connector  evalua- 
tion is  also  reported. 
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Spatially  resolved  images  of  the  dynamic  states  of  cur- 
rent-biased two-dimensional  arrays  of  Nb/AIO(x)/Nb 
Josephson  junctions  were  obtained  using  low-tem- 
perature scanning  electron  microscopy.  The  arrays 
were  square  or  rectangular  and  the  maximum  size  was 
20  junctions  X  20  junctions.  In  overdamped  arrays,  our 
images  at  zero  or  small  applied  perpendicular  mag- 
netic field,  together  with  model  calculations,  confirm 
the  nucleation  of  a  vortex  at  one  sample  edge  (or  an 
antivortex  at  the  opposite  edge)  and  its  subsequent 
motion  into  the  array  interior.  Vortex  annihilation  due 
to  vortex-antivortex  collision  was  observed  to  take 
place  in  the  middle  of  the  array  or  at  the  edge  opposite 
to  the  nucleation  edge.  These  dynamics  and  the  under- 
lying model  considerations  are  similar  to  that  for 
Abrikosov  vortices  in  the  current-induced  resistive 
state  of  thin  film  type-ll  superconductors.  The  phe- 
nomenon of  'row  switching'  is  directly  confirmed  in  im- 
ages of  underdamped  arrays.  The  specific  rows  experi- 
encing this  process  change  randomly  when  the  same 
bias  point  on  the  current-voltage  characteristic  is  es- 
tablished many  times,  starting  each  time  from  zero  cur- 
rent. 
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A  commercial  microwave  electron  cyclotron  resonance 
(ECR)  reactor  has  been  optimized  for  plasma  en- 
hanced chemical  vapor  deposition  of  silicon  dioxide 
films  at  deposition  temperatures  lower  than  150  C.  A 
spool  piece  was  added  to  the  system  resulting  in  im- 
proved deposition  uniformity  and  lower  deposition  tem- 
peratures. Response  surface  methodology  was  used 
in  the  ECR  system  optimization  before  and  after  the 
modification.  The  response  variables  were  deposition 
rate,  uniformity,  index  of  refraction,  film  stress,  and 
wet-etch  rate.  As  a  result  of  the  studies,  several  oxide 
deposition  processes  have  been  developed  at  ambient 
temperatures.  These  processes  are  presently  being 
used  in  the  superconducting-integrated-circuit  fabrica- 
tion facility  at  NIST.  The  optimization  process  and  re- 
sults are  discussed. 
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An  overview  of  phase  locking  in  two-dimensional  (2D) 
arrays  of  identical  Josephson  junctions  is  presented. 
General  design  criteria  are  discussed  for  optimization 
of  power  and  linewidth.  A  harmonic  balance  technique 
is  used  to  derive  an  analytic  expression  for  the  fun- 
damental power  as  a  function  of  bias  voltage  for  a  sin- 


gle shunted  tunnel  junction  with  an  external  shunt  re- 
sistor having  parasitic  inductance.  A  linear  stability 
analysis  is  performed  on  the  in-phase  state  of  2D  ar- 
rays in  the  absence  of  any  external  load.  Most  exci- 
tation modes  in  the  2D  array  are  damped,  leading  to 
stable  phase  locking  between  parallel  junctions  within 
each  row;  however,  within  the  theoretical  model,  no 
mechanisms  intrinsic  to  the  array  were  found  to  induce 
phase  locking  between  rows  of  junctions.  The  results 
of  these  calculations  and  their  impact  on  and  relevance 
to  the  design  of  phase-locked  Josephson  oscillators 
are  discussed. 
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We  have  optimized  the  design  and  calculated  the  mar- 
gins for  a  number  of  single  flux  quantum  (SFQ)  logic 
elements  including  AND,  OR,  XOR,  Splitter,  DC-to- 
SFQ  converter,  and  SFQ-to-DC  converter.  These  are 
the  fundamental  building  blocks  necessary  to  construct 
more  complex  logic  functions  such  as  the  half  adder, 
and  full  adder.  Experimental  tests  of  the  primary  gates, 
the  AND,  OR,  XOR,  and  splitter,  were  made  by 
imbedding  each  test  gate  between  DC-to-SFQ  con- 
verters at  the  inputs  and  SFQ-to-DC  converters  at  the 
outputs.  Automated  testing  of  each  circuit  was  used  to 
determine  functionality,  optimum  bias  levels,  and  mar- 
gins. The  experimental  bias  current  margins  for  each 
gate  are  consistent  with  the  simulations.  This  is  the  first 
experimental  functional  confirmation  of  these  SFQ 
logic  gates. 
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We  present  experimental  results  on  the  emission  from 
phase-locked  two-dimensional  arrays  of  Josephson 
junctions.  We  have  coupled  the  emission  from  10  x  10 
arrays  to  a  room-temperature  mixer  through  a  fin-line 
antenna  and  WR-12  waveguide.  A  single  voltage-tun- 
able peak  was  detected  up  to  230  GHz.  A  stripline  res- 
onance in  the  antenna  reduced  the  array's  dynamic  re- 
sistance and  thereby  the  emission  linewidth  to  as  low 
as  10  kHz.  We  extract  an  effective  noise  temperature 
of  14  K  from  the  linewidth  data.  When  the  array's  emis- 
sion was  coupled  to  an  on-chip  detector  junction 
through  a  dc  blocking  capacitor,  we  detected  voltage- 
tunable  emission  from  75  GHz  up  to  300  GHz,  and  in 
some  circuits  emission  above  400  GHz.  The  coherent 
power  spectrum  depends  primarily  on  internal 
resonances. 
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We  have  coupled  emission  from  10X10  arrays  of  Jo- 
sephson junctions  at  4  K  to  a  room-temperature  mixer 
through  a  fin-line  antenna  and  a  WR-12  waveguide.  A 
single  voltage-tunable  peak  was  detected  in  the  fre- 
quency range  from  53  to  230  GHz.  A  stripline  reso- 
nance in  the  antenna  reduced  the  array's  dynamic  re- 
sistance and  thereby  the  emission  linewidth  to  as  low 
as  10  kHz.  We  extract  an  effective  noise  temperature 
of  14  K  from  the  linewidth  data. 
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Coherent  emission  from  two-dimensional  arrays  of  Jo- 
sephson junctions,  coupled  to  a  detector  junction 
through  a  dc  blocking  stripline  capacitor,  was  detected 
over  a  frequency  range  from  50  to  210  GHz.  A  power 
of  0.26  (mlcro)W  which  is  larger  than  the  0.1  (micro)W 
expected  from  the  RSJ  model  was  detected  in  a  range 
from  140  to  150  GHz.  Frequencies  where  no  emission 
was  detected  correspond  to  standing  waves  in  the  ca- 
pacitor when  multiples  of  the  half-wavelength  match 
the  capacitor  length.  Low  temperature  scanning  elec- 
tron microscopy  confirmed  the  presence  of  standing 
waves  at  these  frequencies,  but  also  revealed  standing 
waves  at  other  frequencies  indicating  an  impedance 
mismatch  and  a  possible  extension  of  the  standing 
waves  into  the  array. 
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We  have  developed  an  automated  test  system  for 
complex  superconductive  integrated  circuits.  Its  low 
speed  capability  consists  of  96  identical  I/O  channels 
which  are  controlled  by  a  PC-486  computer.  Each 
channel  is  capable  of  driving  currents  and  reading 
voltages  at  frequencies  up  to  40  kHz.  Integrating  this 
low  speed  I/O  capability  with  high  speed  test  equip- 
ment controlled  over  the  IEEE  488  bus  allows  meas- 
urements at  frequencies  up  to  the  limits  of  the  test 
equipment.  The  system  can  automatically  set  biases, 
display  l-V  curves,  measure  parameter  margins,  plot 
threshold  curves,  extract  experimental  circuit  values, 
and  collect  statistical  data  on  parameter  spreads  and 
error  rates.  Issues  of  noise  suppression,  ground  loop 
handling,  and  auto-calibration  are  discussed. 
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A  Josephson  single-flux-quantum  voltage/frequency 
multiplier  circuit  is  proposed  as  the  basic  building  block 
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for  a  new  generation  of  voltage  standards.  The  circuit 
uses  magnetic  coupling  to  synchronize  a  series  array 
of  independent  junction  oscillators  to  the  flux  flow  in 
a  Josephson  transmission  line.  A  cascade  of  these  cir- 
cuits can  multiply  an  arbitrarily  low  input  frequency  up 
to  the  frequency  limit  of  the  circuit  (approx.  250  GHz) 
and  then  add  the  voltages  across  approximately 
30,000  oscillators  to  generate  precise  voltages  up  to 
10  V.  Because  the  oscillators  can  be  switched  on  and 
off  with  a  bias  current,  the  output  voltage  is  rapidly  pro- 
grammable. A  complete  design  for  a  voltage  standard 
programmable  in  1.2  (micro)V  increments  to  a  maxi- 
mum of  10  V  is  proposed.  Using  existing  fabrication 
technology,  the  circuit  would  cover  a  substrate  area  of 
about  1  sq  cm  and  use  67,210  junctions. 
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We  describe  an  improved  interconnect  technology  for 
the  fabrication  of  multiturn  flux  transformers  from 
YBa2Cu30(7-x)-SrTi03-YBa2Cu30(7-x)  multilayers. 
The  essential  improvements  are  reductions  in  the 
thicknesses  of  the  trilayer  films,  typically  to  100  nm, 
250  nm,  and  250  nm  respectively,  and  in  the  deposition 
rate,  to  0.07  nm/laser  pulse.  This  process  yields  cross- 
overs in  which  the  critical  current  density  in  the  upper 
YBa2Cu30(7-x)  film  at  77  K  is  (2-3)  x  10(sup  6)  A/sq 
cm.  In  situ  trilayers  exhibited  1/f  flux  noise  levels  at  1 
Hz  below  the  measurement  sensitivity  of  15 
(mu)(Phi)(sub  0)  Hz(sup  -1/2),  where  Phi(sub  0)  is  the 
flux  quantum.  However,  the  flux  noise  of  trilayers  in 
which  each  layer  had  been  patterned  was  significantly 
higher.  The  best  flip-chip  magnetometer  had  a  white 
noise  of  40  fT  Hz(sup  -1/2),  increasing  to  340  fT 
Hz(sup  -1/2)  at  1  Hz;  the  corresponding  flux  noise  lev- 
els were  9  (mu)(Phi)(sub  0)  Hz(sup  -1/2)  and  75 
(mu)(Phi)(sub  0)  Hz(sup  -1/2). 
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Mutual  phase  locking  between  two  high-temperature 
step-edge  superconducting-normal  metal- 
superconducting  junctions  has  been  investigated  using 
a  two-junction  circuit  with  a  nonsuperconducting  feed- 
back path.  The  strength  of  the  phase-locked  state  has 
been  characterized  as  a  function  of  locking  frequency 
and  temperature.  Results  are  presented  for  a  planar 
circuit  as  well  as  for  a  multilayer  circuit  incorporating 
a  superconducting  ground  plane.  The  observed  behav- 
ior was  significantly  enhanced  for  the  circuit  over  a 
ground  plane.  Characterization  of  the  phase  locked 
state  at  4  K  yielded  locking  strengths  as  large  as  (abso- 
lute value  of  l(sub  L))/(l  bar)(sub  c)  =  9%,  and  maxi- 
mum locking  frequencies  to  1.06  THz.  The  magnitude 
of  the  locking  strength  decreased  rapidly  with  increas- 
ing temperature  with  complete  loss  of  coherence  oc- 
curring at  temperatures  greater  than  35  K. 
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We  have  fabricated  a  2-stage  integrated  dc  SQUID 
amplifier  which  uses  a  compact  series  array  of  100  dc 
SQUIDs  as  the  readout  device  for  a  low-noise  single 
SQUID.  The  results  suggest  the  general  utility  of  series 
SQUID  arrays  as  readout  devices  for  SQUIDs. 
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In  this  paper  we  report  on  measurements  of  phase 
modulation  (PM)  and  amplitude  modulation  (AM)  noise 
in  a  variety  of  amplifiers,  dielectric  resonator  oscillator 
(DRO)  sources  and  mixers  at  10.6  GHz.  There  is  little 
information  on  AM  noise  and  only  limited  information 
on  PM  noise  in  microwave  devices.  Two  channel 
measurement  systems  and  cross-correlation  analysis 
were  used  in  these  noise  measurements.  In  amplifiers 
there  are  at  least  two  random  noise  processes  that 
generate  equal  levels  of  PM  and  AM  noise  when  the 
amplifier  is  in  the  linear  operating  range.  The  noise 
processes  correspond  to  a  flicker  noise  process  and 
a  white  noise  process.  In  the  DRO  sources  we  show 
that  these  noise  mechanisms  are  present  in  the  active 
components  and  determine  the  AM  and  PM  character- 
istics of  the  oscillator.  We  report  on  noise  residuals  in 
mixers  from  three  different  companies. 
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A  calibration  method  for  a  10  kV  dc  ratio  divider  was 
developed.  The  method  uses  a  high-precision  digital 
voltmeter,  at  the  10  V  level,  to  establish  a  10:1  voltage 
ratio  for  each  decade  of  the  resistive  divider  and  com- 
bines these  results  to  obtain  an  overall  voltage  ratio 
of  1 0,000: 1 .  The  linearity  of  the  voltmeter  was  checked 
using  a  Josephson-array  voltage  standard.  The  overall 
ratio  agreed  with  measurements  made  at  10  kV  using 
a  Park-type  divider  to  within  the  uncertainty  limits. 
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This  paper  examines  the  importance  of  measurement 
repeatability  in  time  domain  network  analysis  and  in- 
cludes an  analysis  of  the  limitations  imposed  on  theo- 
retical accuracy  by  measurement  noise.  A  closed-loop 
correction  algorithm  implemented  in  a  fast,  equivalent- 
time  sampling,  time  domain  reflectometer  improves 
source  timing  accuracy,  the  dominant  cause  of 
nonrepeatability.  An  example  measurement  of  attenu- 
ation in  a  3.5  mm  coaxial  air-line  demonstrates  per- 
formance approaching  this  theoretical  noise  limit  and 
the  limits  imposed  by  connector  repeatability. 
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We  apply  the  multiline  TRL  (through-reflect-line)  meth- 
od to  the  calibration  of  a  time  domain  network  analyzer 
(TDNA).  The  calibration  removes  the  effects  of  cables 
and  connectors,  nonideal  source  and  sampler  re- 
sponses, source  and  sampler  mismatch,  and  fre- 
quency-dependent characteristic  impedance  of  the 
transmission  lines.  Multiline  TRL  is  especially  well  suit- 
ed to  TDNA  and  provides  not  only  a  complete  calibra- 
tion but  also  a  full  characterization  of  the  transmission 
lines,  information  useful  in  the  study  of  interconnec- 
tions. 
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The  authors  present  experimental  results  on  the  emis- 
sion from  phase-locked  two-dimensional  arrays  of  Jo- 
sephson junctions.  The  authors  have  coupled  the 
emission  from  10x10  arrays  to  a  room-temperature 
mixer  through  a  fin-line  antenna  and  WR-12 
waveguide.  A  single  voltage-tunable  peak  was  de- 
tected up  to  230  GHz.  A  stripline  resonance  in  the  an- 
tenna reduced  the  array's  dynamic  resistance  and 
thereby  the  emission  linewidth  to  as  low  as  10  kHz. 
The  authors  extract  an  effective  noise  temperature  of 
14  K  from  the  linewidth  data. 
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Spatially  resolved  images  of  the  dynamic  states  of  cur- 
rent-biased overdamped  two-dimensional  arrays  of 
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Nb/AIOx/Nb  Josephson  junctions  were  obtained  using 
low-temperature  scanning  electron  microscopy.  The 
authors  present  two-dimensional  imaging  results  de- 
scribing various  vortex  dynamic  regimes  in  zero  ap- 
plied magnetic  field.  The  nucleation  of  current-induced 
vortices  at  the  array  boundaries  and  their  subsequent 
motion  into  the  array  interior  are  observed  for  bias  cur- 
rents slightly  above  the  array  critical  current.  With  in- 
creasing bias  current,  vortex-vortex  interaction  be- 
comes important.  Discussions  on  the  coherent  micro- 
wave radiation  emission  are  presented. 
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A  high-current,  wide-band  transconductance  amplifier 
is  described  that  provides  an  unprecedented  level  of 
output  current  at  high  frequencies  with  exceptional  sta- 
bility. It  is  capable  of  converting  a  signal  voltage  ap- 
plied to  its  input  into  a  ground-referenced  output  cur- 
rent up  to  100  amperes  rms  over  a  frequency  range 
from  dc  to  100  kHz  with  a  useable  frequency  extending 
to  1  MHz.  The  amplifier  has  a  1 000  watt  output  capabil- 
ity, +  or  -  10  volts  of  compliance,  and  can  deliver  up 
to  400  amperes  peak-to-peak  of  pulsed  current.  The 
amplifier  design  is  based  on  the  principle  of  paralleling 
a  number  of  precision  bipolar  voltage-to-current  con- 
verters. The  design  incorporates  a  unique  ranging  sys- 
tem controlled  by  opto-isolated  switches,  which  permit 
a  full-scale  range  from  5  to  100  amperes.  The  design 
considerations  for  maintaining  wide  bandwidth,  high 
output  impedance,  and  unconditional  stability  for  all 
loads  are  discussed. 
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A  recently  published  paper  presents  formulas  for  con- 
verting between  various  network  parameters.  How- 
ever, these  parameters  are  defined  using  an  uncon- 
ventional definition  of  the  waves  and  therefore  yield  un- 
expected results. 
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Uncertainties  of  the  NIST  broadband  coaxial  calibra- 
tion system  are  analyzed.  The  expanded  relative  un- 
certainty for  a  source  with  the  ENR  of  approximately 
1 5  dB  is  typically  1.6%. 
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An  automatic  Inductive  Voltage  Divider  (IVD)  charac- 
terization method  that  can  measure  linearity  by  com- 
paring IVD's  with  different  structures  is  suggested. 
Structural  models  are  employed  to  decompose  an 
error  vector  into  components  that  represent  each  di- 
vider. Initial  tests  at  400  Hz  show  that  it  is  possible  to 
assign  independent  errors  due  to  the  binary  and  dec- 
ade structures  with  a  2-sigma  uncertainty  of  0.05  parts 
per  million  (ppm)  at  the  measured  ratio  values. 
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The  value  of  the  electronic  charge  can  be  determined 
by  placing  a  known  number  of  electrons  on  a  calibrated 
capacitor  and  measuring  the  resulting  voltage,  which 
can  lead  to  a  measure  of  the  fine  structure  constant, 
alpha.  Single  electron  tunneling  (SET)  electrometers 
with  sufficient  sensitivity  for  this  application  have  been 
fabricated.  We  report  on  the  design  and  preliminary  re- 
sults of  a  capacitance  bridge  experiment  using  an  SET 
electrometer  as  a  detector  to  measure  two  capacitors 
in  a  dilution  refrigerator.  AC  measurements  of  the  ca- 
pacitance ratio  have  a  precision  of  one  part  in  10  to 
the  4th  power  and  DC  measurements  provide  informa- 
tion on  the  leakage  rate  of  the  standard  capacitors. 
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Small  angle  neutron  scattering  has  been  used  to  inves- 
tigate the  vortex  scattering  in  a  single  of  crystal  nio- 
bium. Below  the  irreversibility  line  resolution-limited 
Bragg  peaks  are  observed,  indicating  that  a  crystalline 
vortex  lattice  with  long  range  order  exists.  Above  the 
irreversibility  line  intrinsic  transverse  widths  develop, 
while  close  to  Hc2  intrinsic  radial  widths  also  develop. 
Nevertheless  the  basic  six-fold  dymmetry  of  scattering 
is  observed  throughout  the  vortex  phase,  indicating 
that  a  correlated  flux  fluid  exists  in  the  reversible  re- 
gime. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  is  developing  a  cryogenic  current  comparator 
(CCC)  to  operate  at  77K,  using  high-temperature 
superconductor  (HTS)  ceramic  shielding  material  and 
an  HTS-based  superconducting  quantum  interference 
device  (SQUID)  detector.  The  shielding  properties  of 
at  least  two  polycrystalline  oxide  HTS  materials  appear 
sufficient  for  use  in  a  high-accuracy  CCC.  A  measure- 
ment of  current-linkage  error,  a  figure  of  merit  for  CCC 
devices,  is  made  for  one  type  of  HTS  CCC.  The  design 
of  a  second  HTS  CCC  which  uses  improved  magnetic 
shielding  is  described. 
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This  paper  shows  that  a  new  measurement  technique 
based  on  the  two-oscillator  technique  and  the  addition 
of  a  noise  source  in  series  with  the  reference  oscillator 
can  significantly  reduce  calibration  time  for  accurate 
PM  measurements  in  oscillators  and  other  compo- 
nents as  compared  to  the  traditional  two-oscillator 
technique.  This  technique  also  significantly  reduces 
the  measurement  time  and  improves  the  accuracy  of 
3-corner-hat  measurements.  Measurement  complexity 
is  greatly  reduced.  The  noise  source  is  used  to  gen- 
erate a  known  level  of  PM  noise  (PMCAL)  for  calibrat- 
ing the  product  of  mixer  sensitivity  and  amplifier  gain 
with  Fourier  frequency.  This  can  be  used  to  correct  for 
PLL  effects  whem  PMCAL  is  larger  than  the  residual 
phase  noise  in  the  oscillator  under  test.  PMCAL  is  typi- 
cally constant  to  equal  to  or  greater  than  0.1  dB  for 
Fourier  frequencies  from  0  to  5%  of  the  carrier  (maxi- 
mum width  typically  less  than  500  MHz).  When  the 
PMCAL  is  off,  the  noise  added  to  the  reference  signal 
is  typically  less  than -1 50  dBc/Hz  at  1  Hzand-190dBc/ 
Hz  at  10  kHz  for  carrier  frequencies  of  5  to  100  MHz. 
A  similar  system  also  works  in  the  microwave  range. 


02,076 

PB96-1 22502       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Boulder,  CO.  Electromagnetic  Technology  Div. 
Optical  Sampling  Using  Nondegenerate  Four-Wave 
Mixing  in  a  Semiconductor  Laser  Amplifier. 
Final  rept. 

M.  Jinno,  J.  B.  Schlager,  and  D.  L.  Franzen.  1994, 

3p. 

Pub.  in  Tech.  Digest,  OSA,  Optical  Amplifers  and  Their 
Applications,  Topical  Meeting,  Breckenridge,  CO.,  Au- 
gust 3-5,  1 994,  v4  p1 47-1 49  1 994. 

Keywords:  'Laser  amplifiers,  'Optical  sampling,  Semi- 
conductors, Reprints,  Four  wave  mixing,  Fiber  laser. 

Picosecond  optical  sampling  using  nondegenerate 
four-wave  mixing  in  a  semiconductor  amplifier  (SLA) 
is  demonstrated  for  the  first  time.  High-peak-power 
probe  pulses  and  electrical  gating  of  the  SLA  produce 
an  optical  sampling  signal  with  high  signal-to-noise 
ratio. 
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This  paper  reviews  basic  methodology  for  the  micro- 
wave characterization  of  printed  circuit  transmission 
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lines  in  terms  of  scattering  parameters,  impedances, 
and  frequency-dependent  transmission  lines  param- 
eters. The  focus  is  on  a  suite  of  methods  developed 
at  the  National  Institute  of  Standards  and  Technology 
for  the  characterization  of  high-performance  electronic 
packaging  and  interconnections  as  well  as  monolithic 
microwave  integrated  circuits. 
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The  results  of  the  full-wave  model  theory  for  the  open- 
ended  coaxial  probe  with  lift-off  are  presented  and  are 
applied  to  mesurements  of  thin  materials.  The  model 
allows  the  study  of  the  open-ended  coaxial  prode  as 
a  nondestructive  testing  tool.  The  equations  presented 
are  valid  for  both  dielectric  and  magnetic  materials. 
The  analysis  yields  insight  into  the  effects  of  air  gaps 
on  probe  measurements.  Numerical  results  indicate 
that  the  probe  is  very  sensitive  to  lift-off  at  low  fre- 
quencies. This  sensitivity  decreases  somewhat  as  fre- 
quency increases. 
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Several  classes  of  'soft  substrates'  can  be  difficult  to 
wire  bond.  These  include  MCM-Ds,  MCM-Ls,  flex  sub- 
strates, some  complex  IC  chips  with  multilevel  poly- 
mer-insulated metallization,  and  microwave  hybrids 
made  on  PTFE  substrates.  The  bonding  solutions  in- 
clude: increasing  the  bond-pad  metal  thickness  and 
area  and  applying  a  hard  metal  under-layer,  a  hard 
metal  top-layer,  or  some  combination  of  these, 
-capped  with  a  highly-bondable  metal.  A  summary  is 
given  of  the  bond-pad  metallurgy  and  bonding  machine 
parameters  that  have  produced  successful  wire  bond- 
ing to  a  wide  variety  of  MCMs  and  other  'soft  sub- 
strates.' Wire-bonding  yield  is  also  generally  correlated 
to  the  elastic  modulus  and  Tg  of  the  polymer  or  lami- 
nate, and  to  the  yield  strength  of  the  metal  pads.  Thus, 
the  choice  of  material  properties  for  the  substrate  and 
bond  pads  is  at  least  as  important  as  the  actual  bond- 
ing machine  setup  in  achieving  high-yield  wire  bond- 
ing. Other  considerations,  such  as  the  possible  use  of 
high-frequency  ultrasonic  bonding  and  high-clock-rate 
skin-effect  losses  on  the  multilayer  bond  pads,  are  dis- 
cussed. 
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The  authors  present  a  basic  description  of  Josephson 
junctions  and  discuss  their  use  as  GHz  and  THz  oscil- 
lators. The  resistively  shunted  junction  model  is  used 
to  calculate  the  available  power,  linewidth  and  operat- 


ing frequency  of  the  oscillators.  The  authors  discuss 
how  phase-locked  arrays  of  junctions  are  used  to 
achieve  higher  power  and  narrower  linewidth.  Two  ex- 
perimental examples  of  phase-locked  emission  are 
shown:  one  from  on-chip  detection  circuits  at  150  GHz 
and  one  detected  off-chip  showing  a  13  kHz  linewidth 
at  88.8  GHz. 
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The  authors  have  developed  a  technique  to  modulate 
the  input  to  a  superconducting  quantum  interference 
device  (SQUID)  using  a  very  low  noise  double-pole, 
double-throw  switching  .letwork.  This  network  is  com- 
posed of  four  niobium  microbridges  that  are  driven  nor- 
mal in  pairs  by  pulses  of  laser  light.  An  input  signal 
is  modulated  at  a  frequency  above  the  1 /frequency 
noise  regime,  amplified  by  the  SQUID,  and  subse- 
quently demodulated  to  obtain  an  output  in  which  the 
excess  low-frequency  SQUID  noise  has  been  re- 
moved. With  this  technique,  the  authors  have  reduced 
the  low-frequency  noise  by  an  order  of  magnitude  in 
energy  over  measurements  made  without  this  tech- 
nique. 
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Several  classes  of  'soft  substrates'  can  be  difficult  to 
wire  bond.  These  include  MCM-Ds,  MCM-Ls,  flex  sub- 
strates, some  complex  IC  chips  with  multilevel  poly- 
mer-insulated metallization,  and  microwave  hybrids 
made  on  PTFE  substrates.  The  bonding  solutions  in- 
clude: increasing  the  bond-pad  metal  thickness  and 
area  and  applying  a  hard  metal  under-layer,  a  hard 
metal  top-layer,  or  some  combination  of  these,  capped 
with  a  highly-bondable  metal.  A  summary  is  given  of 
the  bond-pad  metallurgy  and  bonding  machine  param- 
eters that  have  produced  successful  wire  bonding  to 
a  wide  variety  of  MCMs  and  other  'soft  substrates.' 
Wire-bonding  yield  is  also  generally  correlated  to  the 
elastic  modulus  and  Tg  of  the  polymer  or  laminate,  and 
to  the  yield  strength  of  the  metal  pads.  Thus,  the  choice 
of  material  properties  for  the  substrate  and  bond  pads 
is  at  least  as  important  as  the  actual  bonding  machine 
setup  in  achieving  high-yield  wire  bonding.  Other  con- 
siderations, such  as  the  possible  use  of  high-frequency 
ultrasonic  bonding  and  high-clock-rate  skin-effect 
losses  on  the  multilayer  bond  pads,  are  discussed. 
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This  paper  describes  a  study  of  high-voltage  thermal 
converters  (HVTC's)  at  voltages  above  100  V  at  fre- 
quencies up  to  100  kHz.  Techniques  for  the  construc- 
tion of  HVTC's  are  described,  and  the  effects  of  aging 
and  dielectric  loss  on  the  resistor,  changes  in  the  tim- 
ing sequence  of  ac-dc  difference  tests,  relay  dead- 
times,  warmup  times,  and  voltage  level  dependence 
are  given. 
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New  multilayer,  thin-film  multijunction  thermal  convert- 
ers (MJTC's)  suitable  as  high  performance  ac-dc  trans- 
fer standards  have  been  fabricated  and  studied  at  Na- 
tional Institute  of  Standards  and  Technology  (NIST). 
This  paper  describes  their  thermal  and  physical  fea- 
tures and  the  materials  chosen  to  improve  perform- 
ance. Performance  data  are  given  over  a  wide  range 
of  frequencies  and  conditions. 
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In  this  work,  we  demonstrate  how  changes  in  sample 
density,  time-window  size,  and  waveform  averaging  af- 
fect the  accuracy  and  acquisition  time  of  calibrated 
time-domain  network  analysis.  One  of  the  key  results 
from  this  study  is  that  accuracy  can  be  enhanced  by 
eliminating  the  incident  step-edge  signal  from  the  time- 
domain  reflection  waveform  before  maximizing  the  in- 
strument's vertical  scale.  This  study  identifies  the  trade 
offs  between  accuracy  and  measurement  speed  and 
examines  other  trands  to  provide  general  guidance  in 
establishing  reliable  and  efficient  time-domain  network 
analysis  measurements  for  a  variety  of  rf  and  micro- 
wave applications. 
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This  report  describes  a  basic,  but  potentially  accurate, 
transfer  technique  for  comparing  microwave  power 
sensors.  The  technique  is  not  new,  but  the  specific  ap- 
plications are.  This  report  is  written  to  supplement  the 
existing  literature.  The  method  transfer  the  effective  ef- 
ficiency of  a  standard  power  sensor  to  an  unknown 
(uncalibrated)  power  sensor.  The  power  sensors  may 
be  bolometric  (thermistor  mounts),  thermoelectric,  or 
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diode  types,  and  each  type  will  have  inherent  limita- 
tions. The  technique  can  be  implemented  with  a  variety 
of  commercial  coaxial  and  rectangular  waveguide 
components.  Measurement  uncertainty  is  discussed  in 
this  report  so  that  a  potential  user  can  quantify  transfer 
uncertainties. 
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Three-dimensional  natural  convection  flow  and  heat 
transfer  were  numerically  studied  for  a  3  by  3  array  of 
discretely  heated  electronic  packages  mounted  on  a 
horizontal  circuit  board  in  an  air-filled,  narrow  aspect 
ratio  rectangular  enclosure  with  length,  width,  and 
height  ration  of  6:6:1 .  It  was  found  that  conduction-only 
analysis  under-predicts  heat  transfer  from  the  top  sur- 
faces of  the  electronic  packages  by  a  factor  of  1.5  to 
4.4,  with  a  resultant  over-prediction  of  the  maximum 
chip  to  ambient  temperature  difference  of  up  to  235%. 
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The  single-port  adaptor  efficiency  evaluation'  (SPAEE) 
technique  uses  swept-frequency  measurements  to 
evaluate  broadband  efficiency  of  low-loss,  reciprocal  2- 
ports,  including  noninsertable  devices  such  as  adap- 
tors. The  2-port  is  terminated  in  two  reflective  termi- 
nations, a  shielded  open  and  a  short.  The  frequency 
range  is  limited  only  by  the  availability  of  the  two  reflec- 
tive terminations.  The  major  advantages  of  the  SPAEE 
technique  are  its  simplicity,  speed,  and  accuracy. 
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The  current  amplitudes  of  Shapiro  steps  are  studied 
in  large-area  metallic-barrier  Josephson  junctions  by 
simulation  and  experiment.  In  the  absence  of  a  ground 
plane,  simulations  show  tht  junctions  larger  than  about 
4  times  the  Josephson  penetration  depth  are  of  limited 
utility  because  the  microwave  power  required  to  induce 
Shapiro  steps  increases  rapidly  with  junction  size.  Ex- 
perimentally, step  amplitudes  as  large  as  7  mA  are  ob- 
served in  Nb-PdAu-Nb  sandwich  junctions. 
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The  current  amplitudes  of  Shapiro  steps  in  large-area 
metallic-barrier  Josephson  junctions,  both  with  and 
without  a  ground  plane,  are  investigated  with  the  goal 
of  optimizing  junction  parameters  for  programmable 
voltage  standards.  Using  the  resistively  shunted  junc- 
tion model  without  capacitance,  the  authors  calculate 
maximum  step  amplitudes  as  a  function  of  reduced  fre- 
quency and  junction  dimension  for  both  one-  and  two- 
dimensional  junctions.  For  junctions  without  a  ground 
plane,  the  authors  conclude  that  step  amplitudes  of 
order  1 0  mA  are  practical,  but  significantly  larger  ampli- 
tudes require  excessive  microwave  power. 
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The  authors  present  spatially  resolved  studies  of  vor- 
tex dynamics  in  two-dimensional  Josephson-junction 
arrays.  For  bias  currents  smaller  than  the  array  critical 
current,  a  small  local  thermal  perturbation  at  the  array 
boundaries  lowers  the  vortex  entry  barrier  and  the 
array  switches  to  the  resistive  state.  For  bias  currents 
slightly  above  the  array  critical  current  vortices  and 
antivortices  are  nucleated  at  opposite  edges  of  the 
array.  An  alternating  crossing  vortex  motion  (ACVM) 
is  observed  experimentally. 
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Series  arrays  of  Nb-PdAu-Nb  Josephson  junctions 
have  been  fabricated  with  characteristics  ideally  suited 
for  application  in  programmable  voltage  standards  and 
digital/analog  convenors.  Large  arrays  of  junction  with 
applied  microwave  power  showed  constant  voltage 
steps  with  current  amplitudes  as  large  as  7  mA.  A 
novel  coplanar  waveguide  design  has  enabled  uniform 
microwave  power  coupling  to  a  5-segment  array  of 
8192  total  junctions  so  that  each  array  segment  has 
constant  voltage  steps  over  the  same  bias  current 
range.  The  8192-junction  device  generated  1.1  mA 
steps  at  186  mV  with  11  GHz  power  and  a  maximum 
constant  voltage  step  of  260  mV  at  1 5.34  GHz. 
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converters,  Optical  circuits,  Voltage  standards,  Re- 
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Series  arrays  of  Nb-PdAu-Nb  Josephson  junctions 
were  fabricated  with  characteristics  ideally  suited  for 
application  in  programmable  voltage  standards  and  D/ 
A  converters  with  fundamental  accuracy.  Large  arrays 
of  junctions  with  applied  microwave  power  showed 
constant  voltage  steps  with  current  amplitudes  as  large 
as  7  mA.  A  novel  coplanar  waveguide  design  enabled 
uniform  microwave  power  coupling  to  a  five-segment 
array  of  81 92  junctions,  so  each  segment  had  constant 
voltage  steps  over  the  same  bias  range.  The  8192- 
junction  device  generated  1 . 1  mA  steps  at  1 86  mV  with 
11  GHz  power  and  a  maximum  constant  voltage  step 
of  260  mV  at  15.34  GHz. 
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The  authors  analyze  the  limitations  imposed  by  junc- 
tion capacitance  and  the  parasitic  inductance  associ- 
ated with  shunt  resistors  on  the  performance  of  Nb/AI- 
AlOx/Nb-junction-array  oscillators.  The  authors  use 
wide  junctions  that  are  in  situ  deposited  on  top  of  PdAu 
resistor  films  (to  minimize  inductance)  and  are  situated 
about  Nb  ground  planes  to  ensure  uniform  current  in- 
jection. From  the  measured  parasitics,  the  authors 
infer  that  maximum  power  and  frequency  that  can  be 
obtained  for  critical-current  densities  Jc  less  than  or 
equal  to  100  kA/cm  squared.  The  authors  illustrate 
these  findings  with  experimental  results  of  a  1.968 
junction  array  have  Jc=10  Ka/cm  squarted  that  was 
found  to  couple  0.1  -  0.8  mW  to  a  56-ohm  load  in  the 
range  100-300  GHz. 
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The  authors  present  experimental  results  showing 
emission  that  is  coupled  from  distributed  series  arrays 
of  wide,  resistively  shunted  tunnel  junctions  to  on-chip 
50  ohm  loads.  The  authors  have  detected  poweer  out- 
put of  0.85  mW  at  240  GHz  and  power  greater  than 
100  microW  at  most  frequencies  in  the  range  of  100- 
300  GHz. 
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In  the  paper,  the  authors  report  the  results  of  extensive 
research  on  phase  modulation  (PM)  and  amplitude 
modulation  (AM)  noise  in  linear  bipolar  junction  transis- 
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tor  (BJT)  amplifiers.  BJT  amplifiers  exhibit  1/f  PM  and 
AM  noise  about  a  carrier  signal  that  is  much  larger  than 
the  amplifier's  thermal  noise  at  those  frequencies  in  the 
absence  of  the  carrier  signal.  The  authors  work  whows 
that  the  1/f  PM  noise  of  a  BJT  based  amplifier  is  ac- 
companied by  1/f  AM  nose  which  can  be  higher,  lower, 
or  nearly  equal  depending  on  the  circuit  implementa- 
tion. The  1/fAM  and  PM  noise  in  BJT's  is  primarily  the 
result  of  the  1/f  fluctuations  in  transistor,  current,  tran- 
sistor capacitance,  circuit  supply  voltages,  circuit 
impedances,  and  circuit  configuration.  The  author  dis- 
cuss the  theory  and  present  experimental  data  in  ref- 
erence to  common  emitter  emplifiers,  but  the  analysis 
can  be  applied  to  other  configurations  as  well.  The 
study  provides  the  functional  dependence  of  1/f  AM 
and  PM  noise  on  transistor  parameters,  circuit  param- 
eters, and  signal  frequency,  thereby  laying  the  ground- 
work for  a  comprehensive  theory  of  1/f  AM  and  PM 
noise  in  BJT  amplifiers.  The  authors  show  that  in  many 
cases  the  1/f  PM  and  AM  noise  can  be  reduced  below 
the  thermal  noise  of  the  amplifier. 
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The  paper  attempts  to  trace  the  highlights  in  the  devel- 
opment of  precision  oscillators  from  a  historical  point 
of  view  and  speculates  on  further  improvements  in 
their  1/f  performance.  Using  Leeson's  model  the 
closed  loop  phase  modulation  (PM)  noise  and  fre- 
quency stability  can  be  estimated  from  the  stability  of 
the  quartz  resonator,  the  resonator  quality  factor,  and 
the  noise  of  the  sustaining  amplifier  coupled  with  the 
stability  of  the  oven  and  various  environmental  param- 
eters. The  inherent  frequency  stability  of  the  oscillator 
is  primarily  limited  by  the  1/f  PM  noise  of  the  BAW 
quartz  resonator  and  the  sustaining  amplifier.  The 
paper,  therefore,  focuses  on  describing  the  quest  to 
characterize,  understand,  and  reduce  the  1/f  PM  noise 
of  amplifiers  and  BAW  resonators. 
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A  high-current,  wide-band  transconductance  amplifier 
is  described  that  provides  an  unprecedented  level  of 
output  current  at  high  frequencies  with  exceptional  sta- 
bility. It  is  capable  of  converting  a  signal  voltage  ap- 
plied to  its  input  into  a  ground-referenced  output  rms 
current  up  to  100  A  over  a  frequency  range  from  dc 
to  100  kHz  with  a  useable  frquency  extending  to  1 
MHz.  The  amplifier  has  a  1000-W  output  capability 
plus  or  minus  10  V  of  compliance,  and  can  deliver  up 
to  400  A  of  pulsed  peak-to-peak  current.  The  amplifier 
design  is  based  on  the  principle  of  paralleling  a  number 
of  precision  bipolar  voltage-to-current  converters.  The 
design  incorporates  a  unique  ranging  system  con- 
trolled by  optoisolated  switches,  which  permit  a  full- 
scale  range  from  5  A  to  100  A.  The  design  consider- 
ations for  maintaining  wide  bandwidth,  high  output 
inpedance,  and  unconditional  stability  for  all  loads  are 
discussed. 
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The  authors  have  experimentally  coupled  emission 
from  a  distributed  series  array  of  1968  wide  Josephson 
junctions  to  an  on-chip  10.8  omega  load  and  detected 
0.16  mW  at  240  HGz.  The  result  is  achieved  by  reduc- 
ing the  parasitic  inductance  associated  with  shunt  re- 
sistors so  that  functions  with  critical  currents  of  23  mA 
are  effectively  shunted  at  the  operating  frequency.  The 
power  is  less  than  the  1.3  mW  expected  from  theory 
due  to  the  presence  of  a  large  impedance  mismatch. 
Optimization  of  the  load  design  will  allow  the  detection 
of  mW  power. 
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A  step  down  procedure  is  described  for  establishing 
voltage  standards  in  the  1  mV  to  100  mV  range  at  fre- 
quencies between  10  Hz  and  1  MHz.  The  step  down 
employs  low-voltage  thermal  voltage  converters  and 
micropotentiometers.  Techniques  are  given  for  meas- 
uring input  inpedance  and  calculating  loading  errors. 
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The  paper  investigates  the  systematic  timing  errors 
due  to  variations  in  temperature  and  signal  amplitude 
in  distribution  amplifiers,  cables,  mixers,  frequency  di- 
viders and  multipliers.  The  effect  of  harmonic  distortion 
in  the  reference  signals  on  timing  errors  in  phase  de- 
tectors is  also  considered.  The  authors  outline  the 
basic  configurations  necessary  to  synthesize  and  dis- 
tribute the  reference  frequencies  and  measure  the  per- 
formance of  potential  new  clocks  having  a  frequency 
stability  of  approximately  3  x  10  to  the  -15th  power 
tau(sup  1/2)  and  10  to  the  -17th  power  in  the  long  term. 
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The  authors  report  on  a  fundamental  breakthrough  in 
understanding  how  l/f  PM  and  amplitude  modulation 
(AM)  noise  is  generated.  They  show  how  one  can  ana- 
lyze the  transfer  function  of  a  two  port  device  to  cal- 
culate the  dependence  of  added  AM  and  PM  noise  on 
circuit  and  active  element  parameters.  Using  this  new 
approach,  the  authors  have  developed  sample  silicon 
BJT  amplifiers  with  exceptionally  low  l/f  AM  and  PM 
noise. 
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A  new  4-terminal-pair  bridge,  capable  of  a  relative  un- 
certainty of  1  in  10  to  the  9th  power,  has  been  con- 
structed at  NIST  by  converting  a  2-terminal  pair  bridge. 
The  conversion  requirees  only  addition  of  components 
which  are  easily  removed  if  2-pair  measurements  are 
to  be  made.  The  design  and  testing  of  this  bridge  will 
be  described. 
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A  voltage  divider  has  been  designed  which  consists  of 
a  group  of  solid  dielectric  capacitors  maintained  in  a 
temperature-controlled  environment,  an  external  com- 
pressed-gas capacitor,  and  special  electronic  circuitry. 
The  prototype  divider  has  been  constructed  and  pre- 
liminary results  obtained  to  validate  the  operating  prin- 
ciple and  accuracy  target.  The  principal  innovative  part 
is  a  feedback  amplifier,  complemented  with  an  'open- 
loop'  voltage  source  controlled  from  the  high  voltage. 
This  enables  achievement  of  a  voltage  ratio  that  is 
equal  to  the  reciprocal  of  the  capacitance  ratio  to  well 
within  one  ppm  without  encountering  dynamic  instabil- 
ity problems. 
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We  present  two  test  structures  for  establishing  design 
rules  for  minimum  spacing  of  a  new  class  of 
microelectromechanical-based  sensors  and  actuators 
fabricated  through  commercial  complementary  metal- 
oxide-semiconductor  (CMOS)  foundries.  The 
microelectromechanical  devices  are  suspended  mem- 
branes of  passivation  glass  that  encapsulates 
polysilicon  and  aluminum  layers  in  the  CMOS  process. 
The  membranes  are  suspended  by  anisotropically 
etching  the  silicon  substrate  through  openings  in  the 
passivation  glass.  These  test  structures  measure  the 
lateral  undercutting  and  the  rotational  misalignment  of 
openings  in  passivation  oxide  that  are  used  to  make 
the  microelectromechanical  devices,  and  give  informa- 
tion for  the  layout,  and  proximity  to  circuits  of  the 
microelectromechanical  devices.  Two  test  structures 
are  discussed,  one  optical  and  one  electrical,  and  re- 
sults for  a  2  micrometer  n-  and  p-well  CMOS  process 
run  are  presented. 
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NIST's  laboratory-based  metrology  programs  are 
planned  and  implemented  in  cooperation  with  industry 
and  focus  on  measurements,  standards,  evaluated 
data,  and  test  methods.  It  is  as  part  of  this  program 
that  NIST  is  developing  microelectromechanical  sys- 
tems (MEMS).  The  NIST  program  has  three  primary 
thrusts:  the  development  of  MEMS-based  devices  for 
metrology  applications;  materials  characterization,  and 
standards. 
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NIST  Handbook  150-10  presents  the  technical  require- 
ments of  the  National  Voluntary  Laboratory  Accredita- 
tion Program  (NVLAP)  for  the  Efficiency  of  Electric  Mo- 
tors (EEM)  field  of  accreditation.  The  same  document 
is  published  for  use  by  the  Standards  Council  of  Can- 
ada (SCC);  selected  differences  may  be  specified  for 
implementation  in  both  countries.  This  handbook  is  in- 
tended for  information  and  use  by  staff  of  accredited 
laboratories,  those  laboratories  seeking  accreditation, 
other  laboratory  accreditation  systems,  users  of  lab- 
oratory services,  and  others  needing  information  on 
the  requirements  for  accreditation  under  the  EEM  pro- 
gram. 
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A  programmable  guarded  connector  panel  using  co- 
axial connectors  has  been  specifically  designed  for  an 
automated  measurement  system  for  the  comparison  of 


four-terminal  resistors.  A  computer  controlled  XYZ  po- 
sitioning system  is  used  to  move  a  4-connector  Z  arm 
over  a  panel  of  72  coaxial  connectors  mounted  in  the 
XY  plane.  This  provides  for  30  four-terminal  channels. 
The  outer  shields  of  the  connectors  are  electrically  iso- 
lated from  one  another  to  allow  the  shields  to  be  driven 
at  guard  voltages  to  supress  errors  caused  by  leakage 
currents.  The  resistance  repeatability  of  the  plug-sock- 
et connections  including  resistance  variations  of  12  m 
of  AWG  12  connecting  cable  is  typically  10  microohms. 
Variations  of  thermoelectric  voltages  over  a  10-minute 
measurement  period  of  the  plug-socket  connections 
are  typically  less  than  10  nV.  This  automatic  switching 
system  may  be  useful  for  other  types  of  precision 
measurements  where  guarding,  contact  resistances, 
and  thermoelectric  voltages  are  critical  factors. 
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Integrated  micropotentiometers,  new  devices  fab- 
ricated with  thin-film  technology  and  the 
micromachining  of  silicon,  have  been  developed  for  the 
accurate  determination  of  ac  voltage  from  1  to  100  mV 
at  frequencies  from  audio  to  1  MHz  and  with  the  poten- 
tial for  higher  frequencies. 
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Comparisons  are  made  between  the  average  magnetic 
flux  density  as  would  be  measured  with  a  three-axis 
coil  probe  and  the  flux  density  at  the  center  of  the 
probe.  Probability  distributions  of  the  differences  be- 
tween the  two  quantities  are  calculated  assuming  a 
dipole  magnetic  field  and  are  found  to  be  asymmetric. 
The  distributions  allow  estimates  of  uncertainty  for  re- 
sultant magnetic  field  measurements  made  near  some 
electrical  appliances  and  other  electrical  equipment. 


Electron  Tubes 


02,111 

AD-A285  495/8       PC  A06/MF  A02 

National  Bureau  of  Standards,  Gaithersburg,  MD. 

Tabulation  of  Data  on  Receiving  Tubes.  Handbook 

68. 

1960,  111p. 

Keywords:  "Tabulation  processes,  "Data  acquisition, 
Transmit  receive  tubes,  Electrodes,  Handbooks, 
"Receiving  tubes. 

A  tabulation  of  Receiving-Type  Electron  Tubes  with 
some  characteristics  of  each  type  has  been  prepared 
in  the  form  of  two  major  listings,  a  Numerical  Listing 
in  which  the  tubes  are  arranged  by  type  number,  and 
a  Characteristic  Listing  in  which  the  tubes  are  arranged 
by  tube  type  and  further  ordered  on  the  basis  of  one 
or  two  important  parameters.  The  tabulation  is  accom- 


panied by  a  listing  of  similar  tube  types  and  basing  dia- 
grams for  the  listed  tubes. 
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Keywords:  "Electron  beams,  "Field  emission,  "Planar 
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Experimental  data  is  analyzed  for  a  method  of  collimat- 
ing  and  focusing  electron  beams  emitted  from  field- 
emitter  arrays  (FEAs)  where  the  focusing  electrode  is 
co-planar  of  nearly  co-planar  or  nearly  co-planar  with 
the  gate  electrode.  The  focusing  mechanism  is  pro- 
vided by  the  fringe  field  formed  along  the  edge  of  the 
gate  electrode  due  to  the  potential  difference  between 
grid  and  the  substrate  or  the  gate  and  another  lens 
electrode.  The  concept  is  verified  by  EGUN2  simula- 
tions. Experiments  performed  to  verify  the  theory  and 
focusing  of  electron  beams  emitted  from  FEAs  were 
observed.  Elongated  emission  patterns  were  consist- 
ently observed,  indicative  of  one-dimensional  focusing. 
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Keywords:  "Microelectronics,  "Metrology,  Electrical 
measurement,  Semiconductors,  Bipolar  transistors, 
Signal  processing,  High  temperature  superconductors, 
Laser  radiation,  Optical  waveguides,  Microwaves,  Sili- 
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report,  Abstracts,  Fiber  optic  sensors,  Erbium  lasers. 

This  is  the  thirty-fourth  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology,  Elec- 
tronics and  Electrical  Engineering  Laboratory.  This 
issue  of  the  EEEL  Technical  Progress  Bulletin  covers 
the  first  quarter  of  calendar  year  1991.  Abstracts  are 
provided  by  technical  area  for  both  published  papers 
and  papers  approved  by  NIST  for  publication.  Topics 
covered  include  the  following:  Fundamental  Electrical 
Measurements;  Semiconductor  Microelectronics;  Sig- 
nal Acquisition,  Processing,  and  Transmission;  Elec- 
trical Systems;  Electromagnetic  Interference. 
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Keywords:  "Optoelectronic  devices,  "Phonetics, 
"Meetings,  Light  emitting  diodes,  Semiconductor  la- 
sers, Silicon  solar  cells,  Infrared  detectors,  Display  de- 
vices, Optical  disks,  Holography,  Lithium  niobates,  Alu- 
minum gallium  arsenides,  Optical  fibers,  Optical  stor- 
age, Packaging,  Flat  panel  displays. 

This  is  a  report  on  the  results  of  a  workshop  held  Au- 
gust 26-27,  1992,  on  the  title  subject.  Sponsored  by 
NIST  and  the  Optoelectronics  Industry  Development 
Association  (OIDA),  the  major  objectives  were  to  iden- 
tify and  set  priorities  on  R&D  needed  to  advance 
photonic  materials  in  commercial  products  appearing 
in  the  market  place  in  the  next  3-15  years.  Working 
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group  sessions  were  held  in  six  areas:  sources  and  de- 
tectors, display,  storage,  active  devices  (other  than  the 
four  previously  listed),  packaging,  and  passive  devices 
(other  than  packaging). 
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Electronics  and  Electrical  Engineering  Laboratory 
Technical  Progress  Bulletin  Covering  Programs, 
October  to  December  1993,  with  1994/1995  EEEL 
Events  Calendar. 

J.  M.  Rohrbaugh.  Feb  94,  37p,  NISTIR-5357. 
See  also  PB93-1 20723. 

Keywords:  'Optoelectronic  devices,  "Microelectronics, 
'Metrology,  Integrated  circuits,  Dimensional  measure- 
ment, Electromagnetic  interference,  Signal  processing, 
Optical  fibers,  Magnetic  materials,  Millimeter  waves, 
Photodetectors,  Microwave  equipment,  Integrated  op- 
tics, High  temperature  superconductors,  Semiconduc- 
tors, Progress  report,  Abstracts,  Fiber  optic  sensors. 

This  is  the  forty-fifth  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology,  Elec- 
tronics and  Electrical  Engineering  Laboratory.  This 
issue  of  EEEL  Technical  Progress  Bulletin  covers  the 
fourth  quarter  of  calendar  year  1 993.  Abstracts  are  pro- 
vided by  technical  area  for  both  published  papers  and 
papers  approved  by  NIST  for  publication.  Major  subject 
headings  include  the  following:  Fundamental  Electrical 
Measurements;  Semiconductor  Microelectronics;  Sig- 
nal Acquisition,  Processing,  and  Transmission;  Elec- 
trical Systems;  Electromagnetic  Interference;  Law  En- 
forcement Standards;  Video  Technology. 

02, 1 16 

P  B94-1 59761        PC  A04/M  F  A0 1 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Boulder,  CO.  Electromagnetic  Technology  Div. 
Metrology  for  Electromagnetic  Technology:  A  Bib- 
liography of  NIST  Publications. 
M.  E.  DeWeese,  and  S.  Moynihan.  Sep  92,  73p, 
NISTIR-3994. 

Keywords:  'Metrology,  'Bibliographies,  Optical  com- 
munication, Optical  fibers,  Fiber  optics,  Optoelectronic 
devices,  Solid  state  lasers,  Superconducting  devices, 
High  temperature  superconductors,  Josephson  junc- 
tions, Electrooptics,  Magnetic  measurement,  Cryo- 
genics, 'Electromagnetic  metrology,  Cryoelectronics, 
SQUID  devices,  US  NIST. 

This  bibliography  lists  the  publications  of  the  personnel 
of  the  Electromagnetic  Technology  Division  of  NIST 
during  the  period  from  January  1970  through  publica- 
tion of  this  report.  A  few  earlier  references  that  are  di- 
rectly related  to  the  present  work  of  the  Division  are 
also  included. 
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R.  U.  Datla,  M.  C.  Croarkin,  and  A.  C.  Parr.  1994, 
43p. 

Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v99  n1  p77-119  Jan/ 
Feb  94. 

Keywords:  'Blackbody  radiation,  'Calibration,  Inter- 
mediate infrared  radiation,  Near  infrared  radiation,  In- 
frared radiometers,  Cryogenic  equipment,  Light 
sources,  Measurement,  Uncertainty,  Sensors,  Re- 
prints, Low  Background  Infrared  Calibration  Facility, 
LBIR  facility,  US  NIST. 

The  Low  Background  Infrared  Calibration  Facility 
(LBIR)  at  the  National  Institute  of  Standards  and  Tech- 
nology has  been  in  operation  for  calibration  measure- 
ments of  the  radiant  power  emitted  from  infrared  radi- 
ation (IR)  sources,  such  as  cryogenic  blackbodies,  for 
more  than  2  years.  The  IR  sources  are  sent  to  NIST 
i  by  customers  from  industry,  government,  and  univer- 
:  sity  laboratories.  An  absolute  cryogenic  radiometer  is 
used  as  the  standard  detector  to  measure  the  total  ra- 
diant power  at  its  aperture.  The  low  background  is  pro- 
vided by  a  closed  cycle  helium  refrigeration  system 
that  maintains  the  inner  parts  of  the  calibration  cham- 
ber at  20  K.  The  radiance  temperature  of  the  blackbody 


is  deduced  from  the  measured  power  and  compared 
with  the  blackbody  temperature  sensor  data.  The  cali- 
bration procedures  and  data  analysis  are  illustrated 
using  the  measurements  of  a  typical  blackbody. 
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Near-E(sub  0)  Spectroscopic  Behavior  of  Short-Pe- 
riod AlAs/GaAs  Superlattices. 
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D.  Chandler-Horowitz,  J.  G.  Pellegrino,  N.  V. 
Nguyen,  and  S.  B.  Qadri.  1994,  5p. 
Pub.  in  Materials  Research  Society  Symposium  Pro- 
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Keywords:  'Superlattices,  Aluminum  gallium 
arsenides,  Aluminum  arsenides,  Optical  properties, 
Perturbations,  Ellipsometry,  Reprints,  'Interface  rough- 
ness, Photoreflectance. 

The  perturbations  on  the  optical  properties  introduced 
by  increased  interface  roughness  in  3x3  short-period 
AlAs/GaAs  superlattices  (SLs)  were  investigated 
through  an  examination  of  the  position  and  line  shape 
of  the  E(o)  (direct  gap)  feature  in  photoreflectance  (PR) 
and  spectroscopic  ellipsometry  (SE).  The  degree  of 
interface  roughness  in  the  SLs  was  controlled  by  a 
choice  of  the  growth  conditions  and  the  buffer  layer 
thickness.  The  structural  behavior  was  characterized 
by  X-ray  diffraction.  The  measured  spectra  from  PR 
and  SE  were  compared  to  those  from  an  AI(x)Ga(1- 
x)As  (x=0.5)  alloy  reference  specimen  grown  under 
nearly  identical  conditions. 
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100%  internal  quantum  efficiency  silicon  photodiodes 
with  4  to  8  nm  passivating  silicon  dioxide  have  been 
fabricated  by  rapid  thermal  nitridation  in  nitrous  oxide 
and  ammonia  ambients  with  the  aim  of  increasing  their 
radiation  hardness.  The  fabricated  diodes  were  ex- 
posed to  10.2  eV  photons  using  a  hydrogen  plasma 
light  source  and  a  normal  incidence  monochromator. 
The  measured  quantum  efficiency  degradation  indi- 
cates that  the  interface  trap  area  density  increases 
sublinearly  with  dose  up  to  a  measured  dose  of  one 
Gigarad.  No  noticeable  change  in  quantum  efficiency 
over  the  range  of  50  to  250  nm  was  observed  after 
exposure  to  100%  relative  humidity.  This  suggests  that 
the  nitrided  SiSi02  interface  is  practically  insensitive 
to  moisture. 
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Tunneling  Problems  in  Optical  Waveguides  and 
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Final  rept. 
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We  present  a  simple  method  for  the  analysis  of  tunnel- 
ing through  an  arbitrary  one-dimensional  potential  bar- 
rier, based  on  the  modified  Airy  function  approach.  We 
have  considered  truncated  step-linear,  step-expo- 
nential, parabolic,  and  quartic  potential  barriers.  The 
results  have  been  compared  with  those  obtained  by 
the  conventional  WKBJ,  modified  WKBJ,  and  the  ma- 
trix method.  The  effect  of  the  truncation  level  on  the 
tunneling  coefficient  has  also  been  investigated.  The 


tunneling  coefficient  is  sensitive  to  the  truncation  level. 
For  the  step-linear  potential,  the  tunneling  coefficient 
is  a  monotonically  decreasing  function  of  the  truncation 
level,  while  for  the  parabolic  potential,  it  oscillates  be- 
fore saturating  to  a  constant  value. 
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Optical  current  transducers  (OCTs)  are  well-suited  for 
current  measurements  in  high  voltage  applications  be- 
cause they  offer  advantages  over  conventional  oil-filled 
current  transformers  such  as  greater  immunity  from 
electromagnetic  interference  (EMI),  intrinsic  safety, 
and  wide  dynamic  range.  This  paper  describes  an  OCT 
designed  and  built  at  the  National  Institute  of  Stand- 
ards and  Technology  (NIST)  for  in  the  development  of 
calibration  methods  for  OCTs  for  power  system  appli- 
cations. The  design  and  operating  characteristics  of 
the  NIST  OCT  are  described,  and  the  results  of  tests 
for  sensitivity,  linearity,  and  dynamic  range  are  re- 
ported. Some  of  the  sources  of  measurement  error  are 
discussed. 
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croscopy, Test  structures. 

An  extensive  study  was  carried  out  to  improve  the 
characterization  and  evaluation  methods  used  for 
HgCdTe  (mercury  cadmium  telluride)  photoconductive 
infrared  detectors  used  in  GOES  and  TIROS  satellites. 
High-field  magnetotransport  techniques  were  used  to 
determine  the  electrical  properties  of  the  detector  ac- 
cumulation layers,  which  partially  control  their 
detectivities.  Assessments  were  made  of  the  quality  of 
the  bonding  and  packaging  used  in  detector  fabrica- 
tion, and  a  list  of  recommended  practices  was  pro- 
duced. The  applicability  of  scanning  capacitance  mi- 
croscopy and  test  structures  to  detector-array  evalua- 
tion is  discussed,  and  finally  recommendations  are 
made  for  standardized  detector  calibration.  The  results 
of  this  work  have  provided  new  and  more  refined 
measurement  methods  that  can  be  adapted  by  the  de- 
tector manufacturers  to  improve  performance  and 
yield. 
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A  method  has  been  developed  primarily  to  quantify  the 
characteristics  of  hydroelastic  instability  waves  on  an 
elastic  surface  but  which  may  also  be  applied  to  vibra- 
tion measurements  in  general.  The  instability  waves  to 
be  investigated  result  from  the  reaction  of  a  compliant 
coating  to  the  hydrodynamic  forces  of  the  boundary 
layer  flowing  over  it.  The  present  displacement  sensor 
comprises  a  gallium  arsenide  infrared  emitting  diode 
in  conjunction  with  a  spectrally  matched  silicon 
phototransistor.  It  was  found  that  this  conbination  could 
be  designed  to  give  an  analog  linear  response  in  the 
region  4.5mm  <  d  <  6.5mm,  where  is  the  distance  from 
the  reflecting  surface  to  the  phototransistor.  Variation 
in  voltage  to  change  in  d  was  found  to  be  approxi- 
mately 1 .5mV/m  when  using  polished  aluminum  as  the 
reflecting  surface  and  0.5mV/(mu)m  when  using  silicon 
gel  impregnated  with  calcium  carbonate. 
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Silicon  photodiode  detectors  are  now  being  routinely 
fabricated  with  almost  no  internal  loss  mechanisms. 
Such  detectors  have  also  been  optimized  in  a 
windowless  configuration  for  use  in  the  extreme  ultra- 
violet/soft X-ray  region.  These  photodiodes  have  sta- 
ble efficiencies  (electrons  per  incident  photon)  which 
are  essentially  linear  with  photon  energy  (in  this  re- 
gion), and  which  exceed  1  electron  per  incident  photon 
for  photon  energies  of  about  10eV  and  beyond.  In  addi- 
tion to  reporting  the  most  recent  performance  param- 
eters of  devices  with  active  areas  of  1  sq  cm  and  3 
sq  cm,  the  temporal  stability  of  devices  with  measure- 
ments spanning  more  than  a  year  will  be  shown  to  be 
quite  acceptable  for  photon  energies  >  25eV.  Silicon 
photodiodes  of  this  type  have  numerous  applications 
in  the  extreme  ultraviolet  and  soft  X-ray  regions  where 
their  relative  ease  of  use,  low  cost,  stability,  extremely 
high  efficiency,  and  ability  to  operate  in  the  presence 
of  gases  can  be  profitably  exploited.  Although  silicon 
detectors  are  by  nature  very  wide  band  detectors,  nar- 
row bandpass  characteristics  may  be  easily  developed 
by  directly  overcoating  the  silicon  dioxide  outer  surface 
of  the  basic  photodiode  with  one  or  more  thin  films  of 
appropriate  materials.  Examples  of  photodiodes 
whose  responses  have  been  thus  tailored  for  use  in 
the  extreme  ultraviolet  are  presented. 
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The  Letter  demonstrates  that  the  sensitivity  of  mag- 
neto-optic magnetic  field  sensors  employing  iron  gar- 
nets can  be  increased  by  approximately  two  orders  of 
magnitude  by  applying  flux  concentration.  A  minimum 
detectable  field  of  1 .4pT/(Hz)(sup  1/2)  was  measured 
when  a  cylindrical  gallium-substituted  yttrium  iron  gar- 
net crystal  was  combined  with  two  conically  tapered 
nickel-zinc  ferrite  cylinders. 
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Several  analytical  tools  are  applied  to  characterize  ver- 
tical-cavity surface-emitting  laser  structures  grown  on 
GaAs  wafers.  These  epitaxial  structures  are  amenable 
to  x-ray,  electron-beam,  and  optical  metrologies. 
Cross-sectional  scanning  electron  microscopy  and 
transmission  electron  microscopy  were  used  to  meas- 
ure layer  thicknesses  and  uniformity. 
Photoluminescence  wafer  mapping  was  used  to  deter- 
mine alloy  composition  uniformity  across  the  wafer. 
Photoreflectance  was  also  used  to  determine  alloy 
composition.  Cross-sectional  microphotoluminescence 
was  used  to  measure  average  alloy  compositions  in 
the  top  and  bottom  mirrors.  Reflectance  spectroscopy 
was  used  to  characterize  the  cavity  resonances  and 
mirror  layers.  Double-crystal  x-ray  diffractometry 
(DCXRD)  was  used  to  characterize  mirror  layer  dimen- 
sions, uniformity,  and  average  alloy  composition.  Ex- 
cellent agreement  was  found  among  these  measure- 
ment techniques  and  between  simulations  and  meas- 
urements. The  results  demonstrate  the  accuracy  of  the 
device  simulation  tools  and  the  applicability  of  DCXRD 
in  analyzing  these  structures. 
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This  paper  contains  a  review  of  Faraday  effect  current 
sensors,  including  both  those  based  on  bulk  materials 
and  on  single  mode  optical  fiber.  Among  the  topics  dis- 
cussed are  new  materials  for  bulkbased  sensors  lead- 
ing to  the  best  reported  sensitivities,  methods  of  deal- 
ing with  fiber  birefringence,  temperature  stability, 
speed  limitations,  and  new  configurations,  including 
the  Sagnac  Interferometer. 
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The  last  few  years  have  seen  dramatic  progress  in  the 
development  of  Faraday  effect  sensors  for  measuring 
both  magnetic  fields  and  electric  current.  In  the  case 
of  magnetic  field  sensors,  the  most  significant  ad- 
vances have  resulted  from  an  investigation  of  new  ma- 
terials, especially  the  ferrimagnetic  iron  garnets.  Mini- 
mum detectable  magnetic  fields  have  been  reduced  by 
several  orders  of  magnitude  to  about  100  pT/Hz(sup 
1/2)  at  500  Hz  and  bandwidths  of  hundreds  of  mega- 
hertz have  been  obtained.  In  the  case  of  electric  cur- 
rent sensors,  new  methods  of  avoiding  the  effects  of 
linear  birefringence  in  optical  fiber  have  resulted  in 
much  smaller  and  more  stable  sensors.  One  of  those 
approaches,   annealing   of   the   fiber   to  reduce 


birefringence,  has  yielded  sensors  with  temperature 
stabilities  near  that  of  the  material  limit,  <  10(sup  -4)/ 
K.  These  topics  and  other  developments  that  have  oc- 
curred since  a  previous  summary  (Proc.  SPIE  985  1 38- 
1 50  ( 1 988))  are  discussed  in  the  review. 
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Synchrotron  X-ray  topography  studies  have  been  con- 
ducted at  the  National  Synchrotron  Light  Source 
(NSLS)  at  Brookhaven  National  Laboratories  to  cor- 
relate defects  in  HgCdTe  epilayers  with  those  in  under- 
lying CdTe  family  substrates.  IR  detectors  are  being 
fabricated  on  these  epilayers  to  investigate  the  per- 
formance impact  of  specific  defects.  This  paper  de- 
scribes synchrotron  X-ray  facilities  and  methods.  Im- 
ages of  substrates  and  epilayers  are  discussed  and 
mapping  of  epilayer/substrate  defects,  such  as 
microtwins,  subgrain  boundaries  and  slip  lines,  is  dem- 
onstrated. Efforts  to  map  detector  array  performance 
to  epilayer  and  substrate  topographs  are  described. 
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We  discuss  the  characteristics  of  photonic  probes  that 
give  them  the  potential  to  measure  pulsed  electro- 
magnetic fields  more  accurately  than  has  been  pos- 
sible in  the  past.  An  overview  or  system  design  is  pre- 
sented with  particular  emphasis  placed  on  the  transfer 
functions  of  appropriate  antennas  and  electro-optic 
modulators.  Noise  sources  which  limit  the  sensitivity  to 
low  level  signals  are  discussed  and  used  to  determine 
the  noise  equivalent  field  (NEF).  The  characteristics  of 
some  sensors  developed  by  NIST  are  presented,  and 
their  performances  relative  to  estimated  practical  limits 
for  the  NEF  are  indicated.  Optical  guided  wave  tech- 
nology appears  to  hold  considerable  promise  for  fab- 
ricating modulators  with  a  wide  variety  of  operating  pa- 
rameters that  can  improve  probe  performance  and  ex- 
tend their  applications  to  a  wider  region  of  the  electro- 
magnetic spectrum. 
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The  fine-scale  resistivity  variations  of  slices  of  bulk,  n- 
type  Hg(1-x)Cd(x)Te  (HgCdTe)  grown  by  the  solid- 
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state  recrystallization  (SSR)  process  and  thin-film 
epitaxial  layers  of  HgCdTe  grown  by  liquid  phase 
epitaxy  (LPE)  on  SSR  substrates  were  mapped  at 
room  temperature  (297  K).  An  automatic  probe  station 
was  used  to  make  four-probe  resistance  measure- 
ments, spaced  80  micrometers  apart,  on  lithograph- 
ically defined  metal-to-HgCdTe  contacts.  Most  slices 
of  SSR  HgCdTe  were  found  to  have  resistivities  that 
increased  from  the  center  to  the  outside  edge,  and 
some  SSR  material  also  showed  small  inclusions  with 
resistivity  either  higher  or  lower  than  the  surrounding 
material.  LPE  material  was  found  to  have  a  more  ran- 
dom variation  in  resistivity  than  SSR  HgCdTe  material. 
Also,  the  metal-semiconductor  contact  resistivity  of  In/ 
Pb/ln/Ni  contacts  to  n-type  HgCdTe  was  measured  to 
be  in  the  range  of  0.3  to  20  X  10(-5)  ohm  cm  for 
HgCdTe  resistivities  varying  from  0.0I  to  0.1  ohm  cm. 
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The  impact  of  microelectronic  test  structures,  as  they 
have  been  applied  to  silicon  integrated  circuits  (ICS) 
and  gallium  arsenide  monolithic  microwave  integrated 
circuits  (MMICS),  is  reviewed.  General  principles  for 
the  use  of  test  structures  with  possible  applications  to 
infrared  (IR)  detector  technology  based  on  HgCdTe 
and  other  materials  are  emphasized.  The  uses  of  test 
structures  for  Si  and  GaAs,  test  chip  design  methodol- 
ogy and  some  examples  of  how  test  structures  have 
been  applied  for  process  control  and  to  increase  yield 
are  discussed.  Specific  test  structures  and  techniques 
that  have  been  applied  to  IR  detectors  are  also  re- 
viewed. The  basic  design  considerations  and  meas- 
urements possible  with  each  class  of  test  structure  are 
discussed.  The  important  experience  of  the  Si  and 
GaAs  industries,  applicable  to  IR  detectors,  is  that  sig- 
nificant yield  improvement  is  possible  with  improved 
process  control  using  test  structures.  Increased  re- 
search efforts  to  expand  the  applications  of  test  struc- 
tures to  IR  detector  manufacture  are  indicated. 
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A  technique  for  studying  low  concentrations  of  trap  lev- 
els in  narrow-gap  Hg(1-x)Cd(x)Te  has  been  combined 
with  the  deliberate  introduction  of  defects  to  determine 
the  activation  energies  of  these  impurities  in  this  ter- 
nary material.  In  this  investigation,  mercury  (Hg) 
interstitials,  believed  to  be  responsible  for  dark  current 
in  metal-insulator-semiconductor  devices,  were  delib- 
erately introduced  into  samples  with  x  approx  =  0.22 
and  x  approx  =  0.24.  Each  sample  was  divided  into 
two  parts  with  the  second  part  of  each  slice  used  as 
a  control.  The  results  from  these  samples  provide  di- 
rect evidence  that  Hg  interstitials  create  trap  levels 
near  45  and  60  meV  above  the  valence-band  edge  for 
these  x-value  samples. 
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Some  processes  used  to  passivate  n-type  mercury 
cadmium  telluride  photoconductive  infrared  detectors 
produce  electron  accumulation  layers  at  the  surfaces, 
which  result  in  2D  electron  gases.  The  dispersion  rela- 
tions for  the  electric  subbands  that  occur  in  these  lay- 
ers have  been  calculated  from  first  principles. 
Poisson's  equation  for  the  built-in  potential  and 
Schroedinger's  equation  for  the  eigenstates  have  been 
solved  self-consistently.  The  cyclotron  effective 
masses  and  Fermi  energies  have  been  computed  for 
each  subband  density  for  12  total  densities  between 
0.1  to  5.0  X  10(sup  12)/sq  cm.  Results  are  discussed. 
These  results  provide  a  basis  for  characterizing  the 
passivation  processes,  which  greatly  affect  device  per- 
formance. 


02, 135 

PB94-216280       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Boulder,  CO.  Electromagnetic  Technology  Div. 

Integrated  Optic  Laser  Emitting  at  906,  1057,  and 

1358  nm. 

Final  rept. 

K.  J.  Malone,  N.  A.  Sanford,  and  J.  S.  Hayden.  1993, 
3p. 

Pub.  in  Electronics  Letters  29,  n8p691-693,  15  Apr  93. 

Keywords:  'Neodymium  lasers,  'Glass  lasers,  Infrared 
lasers,  Near  infrared  radiation,  Integrated  optics,  Phos- 
phate glass,  Doped  materials,  Optical  waveguides,  Re- 
prints. 

Laser  oscillation  at  906,  1057,  and  1358  nm  has  been 
achieved  in  the  same  neodymium-doped-glass  inte- 
grated optic  laser.  This  is  believed  to  be  the  first  report 
of  a  906  nm  integrated  optic  laser.  High  slope  effi- 
ciency and  high  output  power  were  observed  at  1057 
nm.  The  laser  was  fabricated  by  silver  ion  exchange 
in  a  phosphate  glass. 
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We  have  achieved  laser  oscillation  at  1057,  1356,  and 
905  nm  in  the  same  neodymium-doped-glass  inte- 
grated optic  device.  We  believe  this  is  the  first  report 
of  a  905  nm  integrated  optic  laser.  The  laser  was  fab- 
ricated by  solid  silver  ion  exchange  in  a  phosphate 
glass. 
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Spectroscopic  ellipsometry  (SE)  has  been  used  to 
study  the  effects  of  interface  roughness  on  the  optical 


properties  of  ultrathin  short-period  3x3  GaAs/AIAs 
superlattices  grown  by  molecular-beam  epitaxy  (MBE). 
The  complex  dielectric  function  and  thickness  of  the 
whole  superlattice  and  the  thickness  of  the  native  oxide 
overlayer  were  simultaneously  determined  by  an  inver- 
sion technique  from  data  in  the  1 .5-5.0  eV  region.  The 
main  optical  critical  points  E(0),  E(0)  +  Delta(O),  E(1), 
E(1)  +  Delta(1),  and  E(2)  were  deduced  by  line-shape 
fitting  of  the  second  derivative  of  the  complex  dielectric 
function  of  the  superlattice  to  the  analytical  line-shape 
expression.  The  interface  roughness  is  found  to  shift 
the  optical  transitions,  except  E(2),  to  higher  energy 
and  broaden  their  line  shapes.  A  simple  interpretation 
of  the  shift  and  broadening  is  given.  The  interface 
roughness  and  layer  thicknesses  obtained  by  SE  are 
found  to  be  consistent  with  the  results  of  x-ray  diffrac- 
tion and  Raman  scattering  studies  previously  reported. 
The  results  in  the  study  demonstrate  the  capability  of 
the  post-growth  nondestructive  characterization  by  SE 
to  provide  useful  information  about  the  interface  quality 
of  superlattice  structures,  and  consequently  to  opti- 
mize the  MBE  growth  conditions  in  order  to  achieve 
the  desired  structural  parameters. 
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Superlattices  composed  of  aluminum,  gallium  and  in- 
dium are  currently  employed  in  a  variety  of  device-re- 
lated applications.  Among  these  are  edge-emitting 
GRINSCH  lasers  and  vertical  cavity  surface  emitting 
laser  diodes.  As  the  individual  layer  thickness  is  re- 
duced, the  role  of  interface  sharpness  becomes  more 
critical  in  ensuring  good  two-dimensional  growth.  This 
work  addresses  the  relationship  between  interface 
roughness  and  superlattice  crystallinity  for  short-period 
AlAs/GaAs  superlattices.  Thin  short-period 
superlattices  with  active  layer  thicknesses  of  30  nm  or 
less  were  also  investigated  to  help  determine  the  inter- 
face sharpness  in  the  initial  stages  of  growth.  X-ray  dif- 
fraction was  used  to  assess  interface  roughness  and 
to  calculate  superlattice  periodicity.  These  results  are 
compared  with  those  obtained  by  reflection  high  en- 
ergy electron  diffraction  (RHEED),  Raman  spectros- 
copy, and  spectroscopic  ellipsometry.  The  results  indi- 
cate that  interface  roughness  is  promoted  by  a  reduced 
arsenic  flux  growth  condition  at  normal  growth  tem- 
peratures for  short-period  superlattices.  The  results 
also  suggest  that,  for  thin  superlattices,  a  10  nm  buffer 
layer  enhances  interface  roughness  in  the  initial  stages 
of  growth  and  compromises  the  subsequent  epilayer 
crystallinity.  An  analysis  of  these  results  in  the  light  of 
structural,  dynamical,  and  optical  data  is  presented. 
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Superlattices  composed  of  lll-V  heterostructures  have 
established  applications  in  high-speed  electronic  and 
optoelectronic  devices.  As  layer  thicknesses  are  re- 
duced, the  role  of  heterostructure  interface  sharpness 
becomes  more  critical  to  ensuring  high  quality  two-di- 
mensional growth.  In  this  work,  short-period  (less  than 
1  nm)  superlattices  with  active  layer  thicknesses  of  31 
nm  were  investigated  to  assess  interface  roughness  In 
the  initial  stages  of  growth.  X-ray  diffraction  was  used 
to  evaluate  interface  roughness  and  to  calculate 
superlattice  periodicity.  Results  suggest  that  surface 
roughening  by  islanding  may  be  promoted  by  GaAs 
buffer  layers  that  are  10-100  nm  thick.  Smoother  Inter- 
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faces  were  obtained  in  samples  with  buffer  layers  250 
nm  and  greater. 
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An  international  intercomparison  of  spectral 
responsivity  measurements  at  wavelengths  of  interest 
to  optical  communications  was  recently  completed. 
Thirteen  countries  participated  in  the  test,  which  was 
conducted  in  the  course  of  a  year.  Agreement  is  within 
about  1%. 
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An  intercomparison  of  spectral  responsivity  measure- 
ments has  been  carried  out  among  the  national  labora- 
tories of  13  countries.  Measurements  were  made  at 
wavelengths  of  1300  and  1550  nm,  which  are  impor- 
tant in  optical  communication  systems.  Three  germa- 
nium photodiodes  were  circulated  in  each  of  three  sep- 
arate paths,  beginning  and  ending  at  the  National  Insti- 
tute of  Standards  and  Technology  as  the  coordinating 
laboratory.  The  results  show  agreement  within  1  %. 
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Extremely  sensitive  far-infrared  detectors  suitable  for 
both  direct  detection  and  heterodyne  applications  are 
possible,  based  on  micrometer-sized  thin  films  with 
thickness  less  than  a  superconducting  penetration 
depth.  The  penetration  depth  of  such  a  film,  and  there- 
fore its  inductance,  varies  with  temperature  and  with 
quasiparticle  population  (described  by  an  effective 
temperature  T*),  resulting  in  both  bolometric  and  non- 
equilibrium  'photoinductive'  responses.  Common  mag- 
net alloys  such  as  NbTi  are  the  natural  choice  for  liq- 
uid-He temperature  operation.  A  detailed  analysis  pre- 
dicts a  (phonon-limited)  NEP  of  about  4x10  (exp  -17) 
W/Hz(sup  1/2)  for  a  bolometer  with  an  iridium  kinetic 
inductor  operated  at  0.1  K.  A  heterodyne  noise  tem- 
perature of  2250  K  (SSB)  at  3  THz,  with  200  MHz 
bandwidth  is  predicted  for  a  NbTi  mixer  operated  at  4 
K. 
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We  are  developing  a  bolometer  based  on  a  differential 
thermometer  that  senses  temperature  changes 
through  changes  in  the  kinetic  inductance  of  a 
superconducting  thin  film.  The  composite  bolometer  is 
the  sensor  for  a  prototype  radiometer  that  will  provide 
an  absolute  measure  IR  power.  The  radiometer  is  in- 
tended to  measure  the  spectrally  dispersed  power  of 
a  300  K  black  body.  This  absolute  radiometer  is  being 
developed  for  use  at  the  Low  Background  Infrared 
(LBIR)  Facility  at  NIST,  Gaithersburg.  The  noise  floor 
of  the  temperature  transducer  for  the  radiometer  has 
been  measured  to  be  0.75  pW  for  a  100  sec.  integra- 
tion time.  This  is  150  times  lower  noise  level  than  that 
of  the  commercial  absolute  radiometer  currently  used 
at  the  LBIR  Facility  in  Gaithersburg. 
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A  quantitative  investigation  of  the  leakage  loss  spec- 
trum of  the  LP(11)-mode  in  coated  depressed  index 
clad  fibers  is  made  using  the  matrix  method.  The  study 
reveals  oscillations  similar  to  those  seen  in  the  meas- 
urement of  cutoff  wavelength.  Our  results  do  not  agree 
with  recently  published  results  and  a  plausible  expla- 
nation of  the  discrepancies  is  given. 
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Naturally  occurring  retinal-protein  complexes  (RPCs) 
have  recently  received  much  attention  with  regard  to 
their  potential  use  as  light-sensitive  elements  for  opti- 
cal recording.  The  best-known  RPC  is 
bacteriorhodopsin  (BR),  a  photosensitive  protein  from 
the  membrane  of  extreme  halophilic  bacteria,  which 
has  been  studied  in  great  detail.  The  remarkably  robust 
nature  of  BR,  coupled  with  its  ability  to  reversibly 
change  color  upon  illumination  and  its  high  cyclicity  of 
ground-to-photoinduced  state  transitions,  makes  BR  a 
promising  material  for  optical  information  processing. 
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The  purpose  of  this  presentation  is  to  draw  attention 
to  the  NIST  projects  and  discuss  their  relevance  to  the 
improvement  of  measurements  applied  to  electric- 
power  systems,  especially  those  under  the  sub- 
stations. The  first  activity  discussed  here  is  concerned 
with  the  use  of  optical  fiber  techniques  to  measure  cur- 
rent. The  second  is  concerned  with  a  new  approach 
to  analyzing  partial-discharge  data  that  should  prove 
useful  in  improving  the  reliability  of  pattern  recognition 
schemes  that  are  under  development  to  identify  the 
characteristics  of  defect  sites  in  the  insulation  at  which 
the  discharges  occur. 
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Simulations  of  reflectance  spectra  and  electric  field  dis- 
tributions for  vertical-cavity  structures  were  used  in  the 
computer  aided  design  of  epitaxial  mirrors  and  lasers. 
The  binary  GaAs/AIAs  superlattice  alloys  and 
AI(x)Ga(1-x)As  random  alloys  that  compose  these 
structures  were  grown  by  molecular  beam  epitaxy. 
Photoluminescence,  photoreflectance,  reflectance 
spectroscopy,  scanning  electron  microscopy,  trans- 
mission electron  microscopy,  and  double  crystal  x-ray 
diffractometry  were  applied  to  characterize  cavity  and 
Bragg  mirror  layer  thicknesses  and  alloy  composition. 
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Materials  characterization  of  a  variety  of  vertical-cavity 
semiconductor  structures  is  reported.  Double  crystal  x- 
ray  diffractometry,  reflectance  spectroscopy,  and 
photoluminescence  measurements  are  correlated  and 
used  to  determine  cavity  and  Bragg  mirror  layer 
thicknesses. 
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One  of  the  key  technologies  required  for  manufacturing 
vertical-cavity  laser  arrays  at  a  production  scale  is 
rapid  and  nondestructive  evaluation  of  the  laser  mate- 
rial. A  brief  review  of  methods  for  materials  character- 
ization of  vertical-cavity  semiconductor  lasers  is  pre- 
sented. Techniques  based  on  reflectance  spectros- 
copy, photoluminescence,  photoreflectance,  double 
crystal  x-ray  diffractometry,  scanning  electron  micros- 
copy, and  transmission  electron  microscopy  are  used 
to  determine  alloy  composition,  cavity  spacer  thick- 
ness, and  Bragg  mirror  layer  thickness.  Critical  aspects 
of  data  gathering,  analysis,  interpretation,  and  simula- 
tion are  highlighted.  The  optical  simulation  software 
used  for  computer  aided  device  design  and  simulation 
of  reflectance  spectra  is  also  briefly  discussed.  The 
usefulness  of  the  software  is  demonstrated  by  applying 
it  to  the  design  of  a  novel  distributed-feedback  vertical- 
cavity  laser  with  a  vertically  integrated  pump  reflector. 
The  characterization  techniques  are  applicable  to  all 
types  of  vertical-cavity  devices:  lasers,  detectors,  light 
emitting  diodes,  Bragg  mirrors,  modulators,  micro-cav- 
ities, and  vertically  integrated  devices. 
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Recent  research  demonstrating  greater  performance 
of  Faraday  effect  sensors  based  on  iron  garnet  crystals 
is  described.  Bulk  crystals  are  coupled  to  high-per- 
meability flux  concentrators,  resulting  in  an  increase  in 
sensitivity  of  at  least  two  orders  of  magnitude.  Iron  gar- 
net films  with  perpendicular  magnetic  anisotropy  and 
exploited  in  an  optical  waveguide  geometry  exhibit 
greater  frequency  response  than  bulk  crystals.  These 
films  also  exhibit  larger  values  of  saturation  Faraday 
rotation  and  ideally  should  exhibit  no  hysteresis. 
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The  properties  of  iron  garnet  films  exhibiting  uniaxial 
(perpendicular)  magnetic  anisotropy  are  investigated 
as  they  relate  to  magneto-optic  magnetic  field  sensors. 
When  configured  in  an  optical  waveguide  geometry, 
such  films  are  expected  to  magnetize  by  the  mecha- 
nism of  domain  rotation  rather  than  domain  wall  mo- 
tion. This  distinction  should  result  in  magnetic  field  sen- 
sors which  exhibit  improved  linearity  and  frequency  re- 
sponse in  comparison  to  garnet-based  magneto-optic 
magnetic  field  sensors  that  rely  on  domain  wall  motion. 
We  present  data  which  show  the  predicted  purely  lin- 
ear response  function  as  well  as  data  which  exhibit 
hysteresis  at  higher  driving  fields. 
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We  designed  a  simple  heterodyne  system  for  fre- 
quency domain  photodetector  characterization  which 
is  intended  to  avoid  many  of  the  disadvantages  of  ear- 
lier characterization  systems  and  to  minimize  errors 
due  to  intensity  fluctuation,  frequency  calibration,  and 
source  impedance  mismatch  without  using  vector  net- 
work analysis.  A  detailed  uncertainty  analysis  for  the 
system  indicates  95%  confidence  intervals  between  + 
or  -  0.25  and  +  or  -  0.6  dB  at  25  GHz,  depending  on 
the  photodetector  output  impedance. 
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The  response  functions  of  an  ideal  Sagnac  optical  fiber 
current  sensor,  based  on  a  3x3  coupler,  fundamentally 
depend  on  the  polarization  state  of  light  entering  the 
coupler,  even  for  a  zero  birefringence  system.  The  de- 
sired response  functions,  sinusoids  separated  by  120 
deg  phase  shifts,  are  obtained  only  for  circularly  polar- 
ized light.  The  response  functions  for  linearly  polarized 
and  depolarized  inputs  are  sinusoids  separated  by  180 
deg,  and  yield  only  zero-slope  small-signal  responses; 
in  addition,  two  outputs  are  degenerate,  so  the  re- 
sponse is  similar  to  that  observed  in  2x2  systems. 
Thus,  3x3  couplers  offer  no  advantage  over  2x2  sys- 
tems for  linearly  polarized  light.  This  result  increases 
system  complexity  in  that  polarization  control  optics 
are  required  to  supply  the  proper  polarization,  even  for 
an  ideal,  zero-birefringence  system. 
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We  demonstrate  an  optical  current  sensor  that  is 
based  on  the  Faraday  effect  in  gallium-substituted  yt- 
trium iron  garnet  and  has  a  measured  sensitivity  of 
about  3  deg/A,  a  noise-equivalent  current  of  about  220 
nA/Hz(sup  1/2)  and  a  -3-dB  bandwidth  of  about  2.6 
MHz.  The  bandwidth-sensitivity  product  is  a  factor  of 
about  10  greater  than  that  of  an  all-silica-fiber  current 
sensor  with  the  same  diameter. 
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This  work  summarizes  the  progress  in  the  study  of  the 
superconductor  response  to  optical  radiation  and  in  the 
development  of  infrared  detectors.  The  recent  ad- 
vances in  the  design  of  high-temperature  (high-T(c)) 
superconducting  radiation  detectors  using  silicon 
microfabrication  technology  are  emphasized.  Thermal 
and  optical  properties  important  for  the  detector  per- 
formance are  discussed.  The  mechanism  of  the 
nonequilibrium  optical  response  and  its  potential  use 
to  build  fast  and  sensitive  radiation  detectors  are  de- 
scribed. Future  challenges  and  opportunities  in  the  de- 
velopment of  high-T(c)  superconducting  radiation  de- 
tectors are  highlighted. 
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An  extensive  industrial  survey  of  the  importance  and 
use  of  characterization  measurements  for  HgCdTe 
materials,  processes  and  devices  has  been  completed. 
Seventy-two  characterization/measurement  tech- 
niques were  considered  and  thirty-five  responses  were 
received.  This  information  was  sought  for  a  study  on 
materials  characterization  and  measurement  tech- 
niques of  parameters  and  properties  necessary  to  im- 
prove the  manufacturing  capabilities  of  HgCdTe  infra- 
red detectors.  The  nature  of  materials  characterization 
is  defined,  and  an  overview  is  given  of  how  it  is  related 
to  improving  IR  detector  manufacturing.  Finally,  we 
present  a  description  of  the  characterization  survey 
and  a  summary  of  the  survey  results. 
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We  describe  a  low-coherence  interferometric  method 
for  measuring  the  transit  time  in  optical  fiber  delay  lines 
as  long  as  1.5  km.  Group  delays  in  100  m  standard 
reference  fibers  can  be  determined  with  an  expanded 
uncertainty  of  about  4  ps  (1  mm)  and  a  resolution  of 
0.15  ps  (0.03  mm).  The  principal  limitations  of  this  ap- 
proach are  identified  and  discussed. 
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Iron  garnet  films  which  exhibit  perpendicular  uniaxial 
magnetic  anisotropy  are  promising  materials  for  mag- 
neto-optic magnetic  field  sensing.  In  an  optical 
waveguide  geometry,  these  materials  exhibit  large  val- 
ues of  saturation  Faraday  rotation  which  in  turn 
produce  high  sensitivity.  The  domain  structure  of  these 
films  favors  magnetization  rotation  as  the  primary  mag- 
netization process.  This  process  is  significantly  faster 
than  domain  wall  motion,  which  is  the  primary  mag- 
netization process  in  bulk  iron  garnet  crystals.  We 
present  data  which  confirm  the  high  sensitivity  and 
wideband  frequency  response  to  these  materials.  One 
film  exhibits  a  virtually  flat  frequency  response  from  dc 
to  at  least  1  GHz.  Potential  problems  with  waveguide 
sensors,  such  as  birefringence  and  optical  coupling  ef- 
ficiency appear  to  be  soluble. 
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The  inductance  of  a  superconducting  stripline  varies 
with  the  concentration  of  Cooper  pairs  in  the 
superconductor.  This  inductance  variation  may  be 
used  as  the  basis  for  highly  sensitive  radiometers, 
bolometers,  and  heterodyne  mixers.  We  describe  re- 
cent progress  on  three  kinetic  inductance  devices:  a 
large-area,  absolute  radiometer  intended  for  use  in  the 
NIST  Low-Background  Infrared  Calibration  Facility, 
and  small,  antenna-coupled  devices  used  either  in  a 
bolometric  mode  as  direct  detectors,  or  in  a  non-equi- 
librium, 'photoinductive'  mode  as  heterodyne  mixtures. 
The  photoinductive  mixers  of  a  particular  interest  be- 
cause their  frequency  coverage  starts  at  approximately 
the  energy  gap,  2Delta,  and  extends  upward.  The  im- 
pedance matching  concerns  which  make  extension  of 
SIS  mixers  to  high  frequencies  so  difficult  in  practice 
are  greatly  relaxed  for  photoinductors  because  they 
lack  the  large  parasitic  capacitances  inherent  in  a  junc- 
tion-like geometry. 
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We  have  investigated  the  electrical  and  optical  prop- 
erties of  detectors  based  on  the  change  in  kinetic  in- 
ductance of  a  superconducting  film  with  incident 
terahertz-frequency  radiation.  Two  different  geometric 
configurations,  stripline  and  slotline,  of  these 
photoinductive  detectors  have  been  explored.  Both  in- 
clude a  loop  of  thin  niobium  coupled  to  the  incident  ra- 
diation through  a  lithographic  antenna;  the  loop  induct- 
ance is  read  out  via  an  integrated  D.C.  SQUID.  The 
slotline  geometry  is  substantially  simpler  to  fabricate, 
but  electrically,  the  two  geometries  have  very  similar 
properties.  The  loop  inductance  varies  with  tempera- 
ture in  good  agreement  with  the  2-fluid  model,  while 
the  critical  current  varies  with  temperature  in  agree- 
ment with  Ginzburg-Landau  theory. 
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A  scanning  system  for  measuring  the  spatial  uniformity 
of  the  responsivity  of  optical  detectors  and  methods  of 
quantifying  the  degree  of  uniformity  are  described.  Sur- 
face plots  and  contour  maps  of  the  measured 
responsivity  are  presented,  along  with  a  statistical 
treatment.  Factors  which  can  affect  the  accuracy  of  the 
uniformity  measurement  are  described,  including  sam- 
pling theorem  restrictions  and  interference  artifacts 
produced  when  coherent  light  is  used.  Examples  of 
these  artifacts  are  presented,  along  with  scans  of  ac- 
tual Si,  Ge,  and  InGaAs  detectors. 
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We  present  measurements  on  a  novel  power  detector 
which  can  be  used  as  an  ultrasensitive  detector  of  milli- 
meter and  submillimeter  radiation.  The  absorbing  ele- 
ment consists  of  a  thin  film  resistor  strip  which  is  con- 
nected to  superconducting  electrodes.  This  device  ex- 
ploits the  Andreev  reflection  of  electrons  and  the  weak 
electron-phonon  coupling  at  low  temperatures  to 
produce  a  large  temperature  rise  for  a  small  input 
power  (approx  =  10  mK/fW).  The  temperature  rise  of 
the  electrons  is  detected  by  a  tunnel  junction  where 
part  of  the  metal  strip  forms  the  normal  electrode.  We 
have  measured  a  voltage  responsivity  of  approxi- 
mately 10(exp  9)  WW  and  an  amplifier-limited  elec- 
trical noise  equivalent  approx  =  3  X  10(exp  -18)  W/sq 
root  of  Hz  at  an  operating  temperature  of  100  mK.  If 
infrared  radiation  were  efficiently  coupled  to  the  ab- 
sorbing element  with  an  antenna  or  a  waveguide,  then 
the  sensitivity  of  this  detector  would  be  at  least  a  factor 
of  10  better  than  the  best  available  direct  detector  op- 
erating at  the  same  temperature. 
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This  paper  describes  the  present  efforts  at  NIST  to  im- 
prove the  accuracy  of  the  electrically  calibrated 
pyroelectric  detector  for  measuring  optical  power  by  an 
order  of  magnitude.  The  principal  limitation,  the  uni- 
formity of  the  responsivity  over  the  receiving  aperature, 
has  been  significantly  improved. 
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We  describe  the  design  and  estimate  the  performance 
of  a  high-T(c)  kinetic-inductance  infrared  detector. 
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A  process  is  described  for  fabricating  antenna-coupled 
resistive-edge  microbolometers  based  on  the  high  T(c) 
superconductor  YBa2Cu307  (YBCO)  on  silicon.  The 
YBCO  and  a  buffer  layer  of  yttria-stabilized  zirconia 
(YSZ)  were  grown  epitaxially  on  silicon  to  minimize  ex- 
cess electrical  noise.  A  silicon-micromachined  YBCO/ 
YSZ  air-bridge  was  incorporated  to  minimize  the  ther- 
mal conductance  and  the  heat  capacity.  The  thermal 
conductance  of  the  air-bridge  was  measured  to  be  3 
X  10(exp  -6)  W/K  at  a  temperature  of  100  K.  At  an  op- 
erating temperature  of  89  K,  the  detector  is  estimated 
to  have  a  response  time  of  2  microseconds,  a 
responsivity  in  the  1000  WW  range,  and  a  noise-equiv- 
alent power  (NEP)  in  the  10(exp  -12)  W/Hz(sup  1/2) 
range  at  1000  Hz. 
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Optical  sensor  systems  have  source  requirements  that 
can  be  significantly  different  from  those  of  optical  com- 
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munications  and  other  technologies  that  have  gen- 
erally driven  the  development  of  semiconductor 
sources.  In  this  paper,  we  examine  basic 
interferometric,  polarimetric,  and  other  sensors.  Rel- 
evant semiconductor  source  data  is  reviewed  to  illus- 
trate the  impact  of  source  characteristics  on  sensor 
performance.  The  effect  of  low-frequency  amplitude 
and  frequency  noise  on  sensor  precision  is  described. 
Errors  in  sensor  calibration  due  to  amplitude  and  wave- 
length drifts  are  discussed.  Examples  of  sensor  per- 
formance using  typical  source  data  illustrate  these  is- 
sues. 
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We  have  studied  the  far  infrared  behavior  of  high-T(c) 
superconductor-normal  metal-superconductor  (SNS) 
microbridges  with  T(c)  >  85  K  and  critical  current-re- 
sistance products  (l(c)R(N))  as  high  as  10  mV  at  4K. 
These  are  the  highest  l(c)R(N)  products  reported  to 
date  for  microfabricated  Josephson  junctions  of  any 
material.  The  junctions  were  integrated  at  the  feeds  of 
planar  log-periodic  antennas  made  from  Au  thin  films. 
The  junctions  had  dc  normal  state  resistances  R(N)  be- 
tween 6  and  38  ohms,  reasonably  well  matched  to  the 
antenna's  estimated  RF  impedance  of  53  ohms.  Far 
infrared  laser  radiation  at  404,  760,  and  992  GHz  in- 
duced distinct  Shapiro  steps  (i.e.  constant  voltage 
steps  at  voltages  n(hf/2e),  n  =  1,  2,  ...)  in  the  current 
voltage  characteristics  as  well  as  modulation  of  the  crit- 
ical current.  Steps  were  observed  at  voltages  up  to  17 
mV  and  6  mV,  at  temperatures  of  9  K  and  57  K,  respec- 
tively. This  corresponds  to  maximum  Josephson  oscil- 
lation frequencies  of  8  and  3  THz  at  these  tempera- 
tures. 
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We  present  comparisons  of  photoluminescence  (PL) 
data  for  various  vertical-cavity  surface-emitting  laser 
(VCSEL)  and  distributed  quantum  well  structures  taken 
with  the  pump  beam  (and  the  collection  path)  in  two 
different  configurations:  normal  to  the  surface  of  the 
sample;  and  perpendicular  to  a  cross-section  of  the 
epitaxial  layers.  We  demonstrate  that  the  cross-sec- 
tional PL  (XPL)  technique  can  resolve  individual  fea- 
tures in  the  structures,  and  that  the  surface-normal  PL 
(NPL)  spectra  are  perturbed  by  the  multilayer  mirrors 
in  the  VCSELs.  We  elucidate  a  potential  method  for 
transforming  between  the  NPL  spectra  and  the  non- 
perturbed  XPL  spectra  and  evaluate  the  sensitivity  of 
this  method  to  various  measurement  as  well  as  mate- 
rial parameters.  This  simulation  technique  is  well-suit- 
ed to  wide  parametric  variations  of  the  dispersion 
curves  for  the  complex  dielectric  constant  of  the  mate- 
rials, the  pump  field  distribution,  and  the  depth  profile 
of  the  gain  medium. 
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We  compare  photoluminescence  data  collected  in  ei- 
ther a  surface-normal  configuration  (NPL)  or  with  the 
pump  and  collection  paths  perpendicular  to  a  cross- 
section  of  the  epitaxial  layers  (XPL)  for  various  vertical- 
cavity  surface-emitting  lasers  and  distributed  quantum 
well  structures.  We  report  the  spatial  resolution  of  the 
XPL  technique,  particularly  as  it  applies  to  distinguish- 
ing features  in  complex  multilayer  structures.  We  as- 
sess a  potential  simulation  method  for  transforming  the 
perturbed  NPL  spectra  into  the  unperturbed  XPL  spec- 
tra, taking  into  account  a  number  of  experimental  and 
material  parameters  which  may  influence  the 
lineshape.  These  factors  include  the  pump  field  dis- 
tribution and  its  influence  on  the  weighting  of  the 
emitters,  the  collection  optics,  and  the  changes  in  the 
dispersive  complex  dielectric  constant  of  the  quantum 
wells.  This  information  is  of  import  not  only  to  optimiz- 
ing device  manufacture,  but  to  basic  physical  and  ma- 
terials research  as  well.  Thereas  the  XPL  technique  is 
a  relatively  simple  but  destructive  characterization  tool, 
a  complete  understanding  of  NPL  emission  could  be 
made  to  yield  the  same  information  via  rapid,  non- 
destructive means. 
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We  develop  a  downstream  localized  plasma-etching 
process  that  permits  in  situ  monitoring  of  light  through- 
put in  a  semiconductor-clad  channel  waveguide  as  the 
semiconductor  thickness  is  trimmed.  Hydrogenated 
amorphous  silicon  films  are  deposited  on  ion-ex- 
changed channel  waveguides  by  plasma-enhanced 
chemical  vapor  deposition.  We  then  employ  the  local- 
ized plasma-etching  process  to  maximize  accurately 
the  extinction  ratio  between  TE  and  TM  polarizations 
propagating  in  the  clad  waveguide.  We  achieve  polar- 
ization extinction  ratios  of  greater  than  30  dB  for  both 
TE-pass  and  TM-pass  polarizers. 
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Potential  applications  of  optical  fiber  sensors  in  the 
Navy  and  elsewhere  involve  networks  of  hundreds  of 
thousands  of  sensors.  Routine  maintenance  and  cali- 
bration of  these  sensor  networks,  if  undertaken  manu- 
ally, would  involve  unacceptable  commitments  of  ship 
personnel  and  time.  This  has  led  to  the  present  inves- 
tigation into  methods  that  can  be  used  to  produce  sen- 
sor systems  that  can  be  self  testing  and/or  self  calibrat- 


ing. A  self  testing  sensor  is  one  in  which  one  or  more 
internal  tests  are  used  to  verify  the  performance  of  the 
sensor.  Self  calibration  extends  the  self  testing  concept 
to  the  point  where  when  defects  are  identified,  calibra- 
tion corrections  can  be  made  automatically.  Three  de- 
sign concepts  can  be  considered  for  optical  fiber  sen- 
sors: substitution,  redundancy,  and  internal 
diagnostics.  Examples  of  how  diagnostics  of  these 
types  can  be  used  to  test  and  recalibrate  various  types 
of  sensors  are  described  in  this  report;  a  more  detailed 
study  of  potential  designs  for  a  self  calibration  polari- 
metric temperature  sensor  is  also  included. 
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Potential  applications  of  optical  fiber  sensor  networks 
in  the  Navy  include  environmental  and  equipment 
monitoring  and  control.  Such  systems  may  involve 
hundreds  if  not  thousands  of  sensors.  Conventional 
methods  of  performing  routine  maintenance  and  cali- 
bration would  require  unacceptable  amounts  of  man- 
power and  time.  This  has  led  to  the  present  investiga- 
tion into  methods  that  can  be  utilized  to  produce  sensor 
systems  that  can  be  self-testing  and/or  self-calibrating. 
A  self  testing  sensor  is  one  in  which  internal  tests  are 
used  to  verify  the  performance  of  the  sensor.  Self  cali- 
bration extends  the  self  testing  concept  to  a  point 
where,  when  changes  in  system  operational  character- 
istics are  measured,  calibration  corrections  can  be 
made  automatically.  Three  general  design  concepts 
were  considered:  substitution,  redundancy,  and  inter- 
nal diagnostics.  Substitution  involves  applying  a 
measurand  of  known  value  to  the  sensor  in  a  manner 
similar  to  most  laboratory  calibrations.  Redundancy  in- 
volves using  multiple  sensors  in  such  a  way  that  the 
failure  of  a  single  sensor  can  be  detected:  Correct  val- 
ues are  then  attributed  to  sensors  giving  consistent  re- 
sults. Internal  diagnostics  can  take  many  forms,  but  in- 
volves the  use  of  various  optical  tests  to  insure  the 
proper  performance  of  the  sensor. 
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Techniques  based  on  optical,  X-ray,  and  electron  mi- 
croscopy measurements  are  applied  to  characterize  a 
wide  variety  of  semiconductor  multilayer  structures. 
Bragg  mirrors  serve  as  valuable  test  structures  for 
evaluating  the  epitaxial  uniformity  of  crystal  growth 
systems.  Careful  characterization  of  half-wave  spaced 
single  quantum  wells  provides  a  method  for  determin- 
ing their  complex  refractive  indices  using  reflectance 
spectroscopy.  Comparison  of  cross-sectional 
microphotoluminescence  to  surface-normal 
photoluminescence,  combined  with  these  character- 
ization techniques,  allows  studies  of  spontaneous 
emission  in  microcavities  and  elucidates  the  difficulties 
with  using  surface-normal  photoluminescence  to  deter- 
mine the  alloy  composition  of  the  mirror  layers.  The  ap- 
plication of  these  characterization  methods  to  visible- 
wavelength  AIGaAs  mirrors,  485-720nm,  enables  the 
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development  of  these  mirrors  for  uses  such  as  optically 
tailored  substrates  and  visible  surface-emitter  or  detec- 
tor arrays. 
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We  report  the  first  comparison  of  high  speed 
photodiode  frequency  response  measurements  up  to 
40  GHz  between  NIST  and  NPL  in  the  1.3  and  1.5  mi- 
crometer wavelength  regions.  This  comparison  is  an 
important  step  in  establishing  international  agreement 
on  photodiode  response  measurements,  with 
traceability  to  international  microwave  power  and  DC 
current  standards.  Measurements  at  NIST  used  a 
Nd:YAG  heterodyne  system.  NPL  used  DFB  hetero- 
dyne and  integrated-optical  modulator-based  tech- 
niques. Measurements  of  a  photodiode  with  nominally 
20  GHz  optical  bandwidth  show  good  agreement  with 
average  scatter  of  +  or  -  0.15  dB  (2  sigma)  below  20 
GHz,  and  +  or  -  0.30  dB  from  20  to  33  GHz.  The  results 
diverge  systematically  above  33  GHz,  due  to  calibra- 
tion of  the  RF  power  sensors.  Scatter  in  the  data  is 
well  represented  by  the  combined  uncertainties  of  the 
measurement  systems  up  to  33  GHz. 
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We  investigate  the  measurement  of  the  complex  re- 
fractive index  of  individual  quantum  wells  by  reflec- 
tance spectroscopy.  Placing  the  wells  at  half-wave- 
length spacing  to  cause  resonant  feedback  produces 
an  order-of-magnitude  increase  in  measurement  sen- 
sitivity over  that  of  nonresonant  structures.  Quantum 
well  dispersive  and  absorptive  effects  on  reflectance 
can  be  differentiated  in  certain  spectral  regions.  Exper- 
imental data  confirm  a  theoretical  model  of  refractive 
index  and  absorption  for  quantum  wells  of  GaAs  in 
AI(0.2)Ga(0.8)As  in  the  region  of  the  well  band  gap. 
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We  report  a  method  for  a  new  classification  procedure 
for  liquid-phase  epitaxially  grown  mercury  cadmium 


telluride  single  crystals.  Variable-magnetic-field  hall 
measurements  are  performed  on  nine  liquid-phase 
epitaxially  grown  Hg(0.78)Cd(0.22)Te  single-crystal 
films  for  magnetic  fields  from  0  to  1 .4  T  and  in  the  tem- 
perature range  from  10  K  to  300  K.  The  data  from 
these  measurements  are  analyzed  in  the  context  of  the 
reduced-conductivity-tensor  scheme  proposed  by  Kim 
and  co-workers.  Based  on  the  degree  of  deviation  from 
an  ideal  one-carrier  behavior,  these  experimental  sam- 
ples are  classified  into  several  types  to  emphasize  the 
transition  in  the  behavior  of  the  normal  to  anomalous 
n-type  samples,  finally  leading  to  p-type  samples.  Our 
classification  is  also  based  on  a  general  trend  in  the 
temperature  dependence  of  the  mobility  and  density  of 
the  majority  carriers,  which  were  extracted  from  the 
magnetoresistivity  data.  The  classification  provides  a 
useful  benchmark  for  materials  characterization  in  the 
infrared  detector  industry. 
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We  describe  a  new  diode  laser  current  controller  which 
features  low  current  noise,  excellent  dc  stability,  and 
the  capacity  for  high-speed  modulation.  While  it  is  sim- 
ple and  inexpensive  to  construct,  the  controller  com- 
pares favorably  with  the  best  presently  available  com- 
mercial diode  laser  current  controllers. 
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A  short  overview  is  given  of  integrated-optical  devices 
in  rare-earth-doped  glasses.  Achievements  in  device 
performance  are  discussed.  Fabrication  of  these  com- 
ponents as  well  as  analytical  and  diagnostic  tech- 
niques that  can  improve  performance  are  considered. 
The  article  concludes  with  a  discussion  of  some  cur- 
rent topics  in  this  field. 
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We  report  a  new  design  for  a  Faraday  effect  current 
sensor  based  on  yttrium  iron  garnet  that  has  substan- 
tially greater  bandwidth  than  previous  designs  and  is 
much  easier  to  fabricate.  The  measured  sensitivity  is 
0.7  deg/A,  with  a  -3-dB  bandwidth  of  500  MHz,  which 


gives  an  improvement  in  sensitivity-bandwidth  product 
of  approximately  45.  A  noise-equivalent  current  of  840 
nA/Hz(sup  1/2)  was  measured  at  1.8  kHz  by  dif- 
ference-over-sum processing.  The  use  of  turning 
prisms  with  phase-preserving  coatings  greatly  sim- 
plifies construction,  improves  electrical  isolation,  and 
increases  sensitivity  through  proximity  effects. 
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In  this  paper  we  describe  the  results  of  our  efforts  to 
analyze  and  compare  by  computer  simulation  three 
common  methods  of  measuring  detector  nonlinearity: 
(1)  superposition  method,  (2)  attenuation  method,  and 
(3)  differential  or  ac-dc  method.  We  describe  a  defini- 
tion and  expressions  which  we  used  to  intercompare 
the  data  analyses  of  these  methods.  Issues  that  are 
common  to  these  methods  or  specific  to  one  individual 
method  and  have  an  impact  on  the  measurement  ac- 
curacy were  studied.  We  conclude  that  superposition 
and  differential  methods  are  better  choices  than  the  at- 
tenuation method.  Suggestions  about  the  choice  of 
polynomial  order  of  the  fitting  curve  with  regard  to  the 
data  accuracy  and  detector  nonlinearity  are  also  given. 
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An  instrument  based  on  a  scientific  grade  charge-cou- 
pled device  (CCD)  camera  system  is  performance- 
qualified  to  evaluate  the  transmittance  homogeneity  of 
solid  optical  filter  standard  reference  materials.  Meas- 
urement results  are  presented  for  the  new  instrument, 
and  compared,  where  appropriate,  with  an  older,  scan- 
ning instrument,  for  a  variety  of  filters  spanning  trans- 
mittances  down  to  0.01.  The  new  instrument  is  found 
to  give  comparable  results  with  the  older  instrument, 
with  reduced  random  uncertainty  and  improved  infor- 
mation content. 
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The  authors  study  the  dependence  of  the  Stark  shift 
optical  nonlinearity  of  GaAs-AIGaAs  multiple  quantum- 
well  hetero  n-i-p-i's  on  the  number  of  quantum  wells 
per  intrinsic  region  in  otherwise  identical  hetero  n-i-p- 
i's.  The  authors  determine  that  sigma  (sub  eh),  the 
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nonlinear  absorption  cross  section,  is  proportional  to 
the  number  of  quantum  wells  per  intrinsic  region.  A 
study  of  the  fluence  dependence  of  sigma(sub  eh) 
shows  that  the  saturation  carrier  density  is  inversely 
proportional  to  the  number  of  wells  per  intrinsic  region. 
The  authors  find  that  the  turn-on  time  of  the  nonlinear 
abosrption  change  in  their  samples  is  independent  of 
the  number  of  quantum  wells  per  intrinsic  region.  All 
of  these  results  are  consistent  with  the  absence  of 
remapping  of  photogenerated  carriers. 
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Microbolometers  have  been  fabricated  using  a  thin  nio- 
bium film  as  the  detector  element.  These  detectors  op- 
erate at  room  temperature,  are  impedance  matched  to 
planar  antennas,  and  are  suitable  for  broadband  use 
at  far-infrared  wavelengths.  The  authors  have 
achieved  responsitivities  of  up  to  21  VAW  at  a  bias  of 
6.4  mA,  and  electrical  noise  equivalent  powers  (NEP) 
of  as  low  as  1.1  x  10(exp  -10)W/(square  root  of  H2) 
at  1  kHz  at  a  bias  of  3.6  mA.  At  this  bias,  the  detectors 
are  1/f-noise  limited  below  1  kHz  and  are  Johnson 
noise  limited  above  10  kHz.  The  1/f  noise  in  nV/(square 
root  of  Hz)  increases  approximately  linearly  with  bias 
with  a  typical  level  of  0.39  l(MA)/(square  root  of  f(kHz)). 
This  level  of  1/f  noise  is  approximately  a  factor  of  7 
below  the  best  reported  for  bismuth  microbolometers. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  recently  initiated  a  new  program  on  measure- 
ments for  displays.  As  part  of  this  new  program,  NIST 
completed  a  preliminary  assessment  of  the  needs  for 
measurements,  standards,  and  computations  to  assist 
in  the  development  of  high-resolution  displays.  In  this 
paper,  we  summarize  the  major  results  of  this  assess- 
ment and  describe  briefly  NIST's  ongoing  intramural 
and  extramural  programs  on  displays. 
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Display  measurement  procedures  intended  for  use  by 
other  laboratories  and  by  industry  for  measuring,  ana- 


lyzing, and  reporting  the  performance  of  display  mon- 
itors are  tested  through  the  round-robin  process  in 
preparation  for  acceptance  of  the  procedures  as  a 
standard.  The  National  Information  Display  Laboratory 
(NIDL)  and  National  Institute  of  Standards  and 
Technology  (NIST)  results  presented  here  show  much 
quantitative  agreement  in  support  of  the  measurement 
procedures. 
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The  response  functions  of  previously  reported  3x3 
Sagnac  current  sensors  are  strongly  dependent  on 
input  polarization,  so  systems  require  careful  control 
of  the  input  polarization  state.  In  this  paper,  the  authors 
describe  a  simple  method  for  eliminating  this  polariza- 
tion dependence  so  that  stable  response  functions  are 
obtained.  The  authors  demonstrate  the  existence  of  a 
wavelength  range  over  which  spun  high-birefringence 
fiber  guides  only  one  elliptically  polarized  mode,  thus 
preserving  a  single  polarization  state.  Using  this  effect, 
the  authors  show  that  3x3  Sagnac  current  sensor  re- 
sponse functions  can  exhibit  current  sensing  without 
the  need  for  polarization  control. 
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Several  display  standards  are  reviewed  and  distinctive 
elements  are  compared.  With  flat  panel  displays  be- 
coming more  common  and  the  CRT  displays  being  so 
well  established,  the  associated  standards  activities 
can  be  somewhat  bewildering,  even  overwhelming. 
This  paper  attempts  to  identify  complementary  and  in- 
consistent elements  of  related  display  standards. 
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We  show  theoretically  that  the  response  functions  of 
a  lossless  Sagnac  optical  fiber  current  sensor  based 
on  a  3  x  3  coupler  fundamentally  depend  on  the  polar- 
ization state  of  light  entering  the  coupler,  even  for  sys- 
tems with  no  linear  birefringence.  Thus,  3x3  Sagnac 
systems  offer  no  advantage  over  2x2  systems  for  lin- 
early polarized  input  light.  The  predicted  polarization 
dependence  of  3  x  3  Sagnac  response  functions  is  ex- 


perimentally confirmed.  This  result  establishes  the 
need  for  increased  system  complexity  in  3  x  3  Sagnac 
current  sensors  since  polarization  control  optics  are  re- 
quired to  provide  the  proper  input  polarization. 
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We  report  on  optical  time-domain  reflectometer  that 
employs  an  ultrafast  optical  switch  based  on 
nondegenerate  four-wave  mixing  in  a  semiconductor 
laser  amplifier.  Two-point  spatial  resolution  on  the 
order  of  1  mm  over  2  m  is  demonstrated;  Fresnel  re- 
flections with  optical  return  losses  greater  than  53  dB 
are  detected.  Submillimeter-resoluton  optical  time-do- 
main reflectometery  over  a  100-m  range  should  be 
possible  with  modifications  to  the  pulse  sources. 
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Investigations  of  the  effects  of  color  transformations 
used  for  video  displays  are  often  hampered  by  the  in- 
ability to  see  the  effects  of  these  changes  in  real  time 
for  a  variety  of  input  signals.  Using  a  video 
supercomputer,  the  Princeton  Engine,  the  effects  of  a 
parametric  nonlinear  color  transformation  can  be 
shown  in  real  time. 
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To  date,  proposals  to  use  the  Kerr  effect  to  map  diver- 
gent electric  fields  have  not  considered  refraction  of 
light  in  the  graded  potential.  Spatial  variation  of  the 
strength  or  direction  of  the  field  will  produce  non-uni- 
form refractive  indices,  and  significant  refraction  of  light 
in  regions  of  high  divergence  may  disort  the  final  image 
and  introduce  an  error  in  the  field  measurement.  Ex- 
perimental evidence  for  this  effect  is  presented  and  its 
implications  to  optical  field  mapping  are  discussed. 
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The  Optoelectronics  Division  was  established  in  1994 
to  provide  the  optoelectronics  industry  and  its  suppliers 
and  customers  with  comprehensive  and  technically  ad- 
vanced measurement  capabilities,  standards,  and 
traceability  to  those  standards.  The  Division  is  orga- 
nized into  four  groups:  the  Sources  and  Detectors 
Group,  the  Fiber  and  Integrated  Optics  Group,  the  Op- 
tical Components  Group,  and  the  Optoelectronic  Man- 
ufacturing Group,  with  work  in  six  project  areas. 
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A  new  electro-optic-based  technique  for  measuring  the 
rms  value  of  an  applied  voltage  is  presented.  The  tech- 
nique incorporates  a  ratiometric  method  whereby  the 
requirement  for  absolute  laser  power  information  is  un- 
necessary. Description,  analysis,  and  experimental  re- 
sults of  the  prototype  measurement  system  are  pre- 
sented. 
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A  complete  radiometer  equation  is  derived  and  used 
to  develop  better  corrections  and  uncertainty  esti- 
mates. We  show  that  a  corrected  unisolated  radiom- 
eter can  have  an  accuracy  similar  to  that  of  a  well-iso- 
lated radiometer.  The  radiometer  error  is  insignificant 
for  radiometers  with  40-dB  isolation.  However,  for  high- 
temperature  applications  (such  as  sources  and  stand- 
ards above  3000  K),  isolation  is  usually  unnecessary. 
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The  authors  present  a  CMOS  circuit  used  for  control- 
ling the  temperature  of  a  CMOS  compatible  micro- 
heating  element,  known  as  a  thermal  pixel.  The  circuit 
uses  nonlinear  compensation  to  maintain  constant 
power  over  large  variation  in  the  resistance.  An  exter- 
nal analog  voltage  controls  the  power  delivered  to  the 
thermal  pixel.  This  circuit  was  designed  and  fabricated 
through  the  MOSIS  service  foundry.  Measurements 
are  presented  that  verify  the  design  and  performance 
of  the  circuit. 
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Magnetoresistance  has  been  shown  in  the  past  to  be 
a  valuable  tool  for  studying  complex  energy  bands  of 
semiconductors.  In  this  paper,  we  demonstrate  that 
magnetoresistance  can  be  used  as  an  extremely  use- 
ful physical  quantity  to  electrically  characterize 
HgCdTe  materials,  structures,  or  devices  which  are  of 
a  multicarrier  conduction  nature.  We  take  advantage 
of  simple  relationships  between  the 
magnetoresistance.  The  applied  magnetic  field,  the  lat- 
tice temperature,  and  relevant  physical  quantities  in 
the  reduced  conductivity  tensor  (RCT)  scheme.  We 
have  performed  variable-magnetic-field  and  variable- 
temperature  Hall  measurements  (0  to  1.5  T  and  10  K 
300  K)  on  LPE  HgCdTe  films  and  a  GaAs-based 
HEMT  structure.  Magnetoresistance  data  obtained 
from  these  measurements  are  analyzed  in  the  context 
of  the  RCT  scheme. 
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A  requirement  exists  for  broadband  radiometers  that 
can  be  used  to  transfer  NIST  infrared  radiometric 
scales  to  calibration  laboratories  elsewhere.  The  au- 
thors discuss  the  design  of  a  liquid-nitrogen-cooled 
transfer  standard  radiometer  that  represents  a  prac- 
tical tradeoff  between  room-temperature  and  liquid-he- 
lium-cooled radiometers.  The  detector  utilizes  high-Tc 
superconductors  as  temperature  sensors  for  increased 
sensitivity.  Such  sensors  have  already  been  shown  to 
enable  temperature  regulation  of  100  microK  peak-to- 
peak  at  85  K,  and  have  the  potential  for  further  im- 
provements by  three  orders  of  magnitude.  Electrical 
substitution  is  used  to  linearize  the  response  over  the 
dynamic  range  and  to  remove  susceptibility  to  sensor 
aging  effects. 
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The  authors  developed  a  unified  mathematical  treat- 
ment for  five  commonly  used  measurement  methods 
of  optical  detector  nonlinearity  and  conducted  com- 
puter simulation  to  compare  these  methods  for  dif- 
ferent measurement  conditions  and  data  processing 
options.  They  found  that  the  triplet  and  differential 
methods  will  give  the  overall  best  results,  and  third  and 
fourth  order  polynomial  representations  of  the  meas- 
urement result  will  yield  least  total  error  for  a  common 
practical  measurement  system. 
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The  authors  have  developed  a  ray-tracing  program  to 
calculate  the  imaging  properties  of  ellipsoidal  and  toroi- 
dal mirrors  in  glancing  angle  configurations.  It  has 
been  proposed  that  such  mirrors  be  used  in  small 
angle  neutron  scattering  instruments,  in  order  to 
achieve  increased  count  rates  without  sacrificing  angu- 
lar resolution.  The  authors  describe  the  method  of  cal- 
culation, including  effects  due  to  gravity,  and  they 
present  a  number  of  instructive  examples  of  calcula- 
tions for  both  types  of  mirrors.  The  authors  also  illus- 
trate a  practical  method  of  reducing  image  degradation 
associated  with  gravitational  effects. 
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The  principles  and  performance  of  a  fiber-optic  Fara- 
day effect  magnetic-field  sensor  designed  around  an 
yttrium-iron-granet  (YIG)  sensing  element  and  two  flux 
concentrations  are  described.  The  system  design  ex- 
ploits the  technique  of  polarization-rotated  reflection  in 
which  a  single  polarization-maintaining  optical  fiber 
links  the  sensor  head  to  the  optical  source  and  detec- 
tion system.  In  the  sensing  head,  ferrite  flux  concentra- 
tors are  magnetically  coupled  to  the  YIG  sensing  ele- 
ment to  achieve  maximum  sensitivity. 
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The  Optics  Division,  one  of  the  first  divisions  formed 
after  NBS  was  established  in  1901,  was  initially 
charged  with  work  on  radiometry,  spectroscopy,  and 
polarimetry.  Over  the  next  five  or  six  decades  optics 
remained  a  significant  topic  of  research.  Within  a  year 
of  Maiman's  first  demonstration  of  the  ruby  laser  in 
1 960,  a  similar  laser  was  constructed  at  the  NBS-Boul- 
der  Laboratories.  Demands  for  assistance  in  measur- 
ing the  power  or  energy  produced  by  such  lasers  led 
to  the  establishment  of  laser  calibration  services  begin- 
ning in  1967.  Another  early  program  was  aimed  at  de- 
veloping techniques  for  laser  frequency  stabilization 
and  absolute  frequency  and  wavelength  measure- 
ments. That  effort  culminated  in  1972  with  the  deter- 
mination of  a  much  improved  value  for  the  speed  of 
light,  which  led  ultimately  to  a  redefinition  of  the  meter. 
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It  is  generally  believed  that  the  most  accurate  means 
of  measuring  the  CIE  tristimulus  values  X,  Y,  Z  or  chro- 
maticity coordinates  x.y  from  a  display  is  by  using  a 
spectroradiometer.  Nevertheless,  tristimulus 
colorimeters  employing  three  or  four  colored  filters  find 
wide  use  because  of  their  simplicity  and  lower  cost. 
These  devices  cannot  be  calibrated  to  give  accurate 
results  in  all  situations  because  the  spectral 
responsivities  of  their  filtered  detectors  are  not  exactly 
the  CIE  color-matching  functions.  However,  for  a  dis- 
play that  produces  a  linear  superposition  of  three  pri- 
mary colored  lights  of  fixed  spectra,  a  tristimulus  col- 
orimeter can  be  correctly  calibrated  to  measure  all  col- 
ors on  that  display.  Signals  from  all  of  the  filtered  de- 
tectors are  used  to  compute  each  of  the  X.Y.Z  values. 
The  calibration  matrix  is  computed  by  data  fitting  to  a 
reference  colorimeter..  An  improvement  to  the  pre- 
viously published  method  is  reported,  and  a  numerical 
example  is  shown.  This  technique  is  more  tractable 
with  today's  digital  instrumentation  than  it  was  when 
it  was  discovered,  yet  it  remains  underused.  The  Amer- 
ican Society  for  Testing  and  Materials  (ASTM),  through 
its  Committee  on  Color  and  Appearance,  is  revising  its 
standard  on  display  measurements  using  tristimulus 
colorimeters  to  encourage  the  adoption  of  the  tech- 
nique. 
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The  ATP  Workshop  on  Optoelectronics  and 
Optomechanics  Manufacturing  was  held  at  the  Na- 
tional Institute  of  Standards  and  Technology  in 
Gaithersburg,  MD  on  February  15,  1995.  The  purpose 
of  the  Workshop  was  to  respond  to  industry  interest 
and  provide  an  open  forum  for  the  exchange  of  ideas 
among  interested  members  of  the  optics/photonics 
community  concerning  the  strategic  importance  of 
optoelectronics  (OE)  and  optomechanics  (OM)  tech- 
nologies to  U.S.  economic  growth.  The  Workshop 
brought  together  over  160  experts  in  OE/OM  for  the 
purpose  of  addressing  the  issues  and  requirements  of 
U.S.  industry  in  the  area  of  OE/OM  manufacturing. 
Input  gained  from  the  morning  presentations  and  the 
breakout  sessions  will  be  used  to  help  formulate  the 
scope  and  range  of  a  proposed  ATP  Focused  Program 
in  OE/OM  manufacturing. 
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The  paper  briefly  reviews  the  history  and  present  com- 
mercial status  of  optical  fiber  sensors,  and  then  sum- 
marizes recent  research  aimed  at  improved  perform- 
ance, lower  cost,  and  wider  areas  of  applications. 
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The  authors  have  successfully  demonstrated  an  inte- 
grated optical  TE-TM  mode  discriminator  using 
waveguide  polarizers  and  guided-wave  photodetectors 
for  use  in  polarimetric  optical  sensor  and  positioning 
systems.  The  photonic  integrated  circuit  consists  of  a 
Y-branch  waveguide  splitter  formed  by  potassium-so- 
dium ion  exchange  in  silicate  glass.  Hydrogenated 
amorphous  silicon  claddings  were  deposited  on  each 
branch  of  the  splitter  to  act  as  polarizers.  One  output 
cladding  was  trimmed  to  a  thickness  which  attenuated 
the  TE  polarization,  while  the  other  cladding  was 
trimmed  to  attenuate  light  having  TM  polarization.  The 
thickness  trimming  is  accomplished  using  a  process  of 
localized  plasma  etching  which  allows  in  situ  extinction 
optimization  by  monitoring  transmitted  light.  Optical  ex- 
tinction ratios  of  up  to  27  dB  were  demonstrated  on 
Y-branch  waveguides  for  polarizers  with  claddings  1.2 
mm  in  length.  Tne  integrated  receiver  was  completed 
with  the  deposition  of  metal-semiconductor-metal 
photodetectors  on  each  of  the  output  waveguide 
branches  following  the  polarizers.  Amorphous  silicon 
claddings  were  contacted  with  chrome-gold 
interdigitated  Schottky  contacts  to  form  the  waveguide 
detectors. 
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This  bibliography  lists  publications  of  the  staff  of  the 
Optoelectronics  Divison  and  its  predescessor  organi- 
zational units,  from  about  1970  through  the  data  of  this 
report. 
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Display  standards  describe  measurements  of  the  dif- 
fuse and  specular  reflection  coefficients.  The  ade- 
quacy of  such  procedures  is  compared  with  the 
bidirectional  reflection  distribution  function  (BRDF) 
measurements.  Alternative  methods  are  examined  and 
their  estimates  of  the  specular  and  diffuse  reflection 
coefficients  are  compared  to  the  results  of  the  BRDF 
measurement. 
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Several  display  standards  are  reviewed  and  distinctive 
elements  are  compared.  The  paper  attempts  to  identify 
complementary  and  inconsistent  elements  of  related 
display  standards. 
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Methods  for  prediction  of  crosstalk  between  microstrip 
transmission  lines  are  reviewed  and  simplified  for  the 
weak  coupling  case.  Classical  coupled  transmission 
line  theory  is  used  for  uniform  lines,  and  potential  and 
induced  EMF  methods  are  used  for  crosstalk  between 
nonuniform  lines.  It  is  shown  that  the  potential  method 
is  equivalent  to  classical  coupled  transmission  line  the- 
ory for  the  case  of  uniform  lines.  An  experiment  was 
performed  for  uniform  coupled  microstrip  lines  for  fre- 
quencies from  50  MHz  to  5  GHz,  and  good  agreement 
between  theory  and  measurement  was  obtained  for 
both  near-end  and  far-end  crosstalk. 
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The  transimission/reflection  and  short-circuit  line  meth- 
ods for  measuring  complex  permittivity  and  permeabil- 
ity of  materials  in  waveguides  and  coaxial  lines  are  ex- 
amined. Equations  for  complex  permittivity  and  per- 
meability are  developed  from  first  principles.  In  addi- 
tion, new  formulations  for  the  determination  of  complex 
permittivity  and  permeability  independent  of  reference 
plane  position  are  derived.  For  the  one-sample  trans- 
mission/reflection method  and  two-position  short-cir- 
cuit line  measurements,  the  solutions  are  unstable  at 
frequencies  corresponding  to  integral  multiples  of  one- 
half  wavelength  in  the  sample.  For  two-sample  meth- 
ods the  solutions  are  unstable  for  frequencies  where 
both  samples  resonate  simultaneously.  Criteria  are 
given  for  sample  lengths  to  maintain  stability.  An  opti- 
mized solution  is  also  presented  for  the  scattering  pa- 
rameters. This  solution  is  stable  over  all  frequencies 
and  is  capable  of  reducing  scattering  parameter  data 
on  materials  with  higher  dielectric  constant.  An  uncer- 
tainty analysis  for  the  various  techniques  is  developed 
and  the  results  are  compared.  The  errors  incurred  due 
to  the  uncertainty  in  scattering  parameters,  length 
measurement,  and  reference  plane  position  are  used 
as  inputs  to  the  uncertainty  models. 
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Poling-induced  space  charges  in  peeled  samples  of  ac 
aged/dc  tested  cables  were  studied  using  the  thermal 
pulse  technique.  Samples  were  poled  at  about  0.12 
MV/cm  for  3.5  hours  at  70  C  using  the  same  polarity 
as  that  used  for  the  dc  tests.  Previous  work  seemed 
to  indicate  that  dc  testing  could  have  permanent  effects 
which  could  be  detected  by  the  amount  of  poling-in- 
duced charge.  An  attempt  was  made  to  examine  this 
by  using  three  samples  with  about  the  same  length  of 
ac  aging  but  with  different  amounts  of  dc  testing.  The 
sample  with  one  dc  test  and  the  sample  with  23  dc 
tests  were  appreciably  oxidized  whereas  the  sample 
with  1 1  dc  tests  was  not  oxidized.  Other  interesting  ob- 
servations were  made. 
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The  Lorentz  reciprocity  condition  is  applied  to  junctions 
composed  of  reciprocal  media  which  connect  uniform 
but  otherwise  arbitrary  waveguides.  An  expression  re- 
lating the  forward  and  reverse  transmission  coeffi- 
cients is  derived  and  factored  into  two  terms:  the  first 
involving  the  phase  of  the  reference  impedance  in  the 
guide,  and  the  second  a  new  reciprocity  factor.  The 
usual  condition  equating  the  forward  and  reverse 
transmission  coefficients  is  shown  not  to  hold  in  the 
general  case.  Experimental  evidence  supporting  the 
theoretical  results  is  presented. 

02,214 

PB94-1 991 30       Not  available  NTI S 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Polymers  Div. 

Spatial  Dependence  of  Electrical  Fields  Due  to 

Space  Charges  in  Films  of  Organic  Dielectrics 

Used  for  Insulation  of  Power  Cables. 

Final  rept. 

M.  G.  Broadhurst,  A.  S.  DeReggi,  B.  Dickens,  and  R. 
M.  Eichhorn.  1990,  5p. 

Pub.  in  Conference  of  Record  of  the  Institute  of  Elec- 
trical and  Electronics  Engineers  International  Sympo- 
sium on  Electrical  Insulation,  Toronto,  Canada,  June 
3-6,  1990,  p405-409. 

Keywords:  "Electrical  insulation,  "Dielectrics,  "Electric 
wire,  "Space  charge,  "Electric  fields,  Reprints, 
Polyethylenes,  Electrical  properties,  Electric  charge, 
Electrical  measurement. 

The  authors  measured  the  electric  fields  due  to  space 
charge  within  film  samples  of  several  commercial 
polyolefins  used  as  medium  voltage  power  cable  insu- 
lation. They  charged  the  films  at  60  deg.  C  with  DC 
voltages  applied  for  several  hours.  For  dry  charged 
films,  vacuum  deposited  gold  or  aluminum  provided 
the  electrodes.  For  wet  charged  films,  one  or  both  sur- 
faces of  the  film  were  bare  and  in  contact  with  an  aque- 
ous 0.05  molar  solution  of  NaCI.  They  measured  the 
fields  using  the  thermal  pulse  (TP)  method.  To  use  this 
method  with  the  wet  charged  films,  they  painted  colloi- 
dal graphite  electrodes  onto  the  films  after  they  were 
charged.  The  results  show  that  thermoplastic  poly- 
ethylene (PE)  charges  negatively  for  both  wet  and  dry 
charging.  Crosslinked  polyethylene  (XLPE)  charges 
negatively  when  dry  charged,  but  small  amounts  of  ei- 
ther positive  or  negative  charge  were  found  after  wet 
charging. 
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Multiconductor  transmission  line  theory  is  used  to  com- 
pare currents  induced  on  individual  wires  within  a  bun- 
dle by  injection  and  radiated  excitation.  Calculations 
show  that  the  two  types  of  excitation  generally  induce 
significantly  different  current  distributions,  but  the  dif- 
ferences are  much  smaller  for  electrically  short  lines. 
The  results  are  relevant  to  the  validity  of  using  current 
injection  testing  to  replace  radiated  immunity  testing. 

02,216 

PB94-211968       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Boulder,  CO.  Electromagnetic  Fields  Div. 

Aperture  Coupling  to  a  Coaxial  Air  Line:  Theory 

and  Experiment. 

Final  rept. 

D.  A.  Hill,  M.  L.  Crawford,  M.  Kanda,  and  D.  I.  Wu. 
1993,  6p. 

Pub.  in  Institute  of  Electrical  and  Electronics  Engineers 
Transactions  on  Electromagnetic  Compatibility  35,  n1 
p69-74, 1  Feb  93. 

Keywords:  "Electromagnetic  shielding,  Reverberation 
chambers,  Polarization(Waves),  Circular  configuration, 
Dipole  moments,  Apertures,  Reprints,  "Coaxial  air 
lines. 

Coupling  through  a  circular  aperture  in  the  shield  of  a 
coaxial  air  line  is  studied  theoretically  and  experi- 
mentally. Polarizability  theory  is  used  to  compute  the 
effective  dipole  moments  that  excite  the  coaxial  line  in 
the  internal  region.  Measurements  of  shielding  effec- 
tiveness were  made  in  a  reverberation  chamber  over 
wide-frequency  ranges.  Agreement  between  theory 
and  measurements  is  generally  within  +  or  -  10  dB. 
Recommendations  for  improvements  in  the  measure- 
ments and  theory  are  made  for  achieving  closer  agree- 
ment that  would  be  desirable  for  an  artifact  standard 
for  shielding  effectiveness  measurements. 
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This  paper  discusses  two  issues  concerning  the  accu- 
racy of  electrical  characterizations  of  interconnect 
transmission  lines,  particularly  in  regard  to  a  recently 
published  paper.  The  error  in  the  characteristic  imped- 
ance may  be  reduced  through  an  alternative  approxi- 
mation to  the  capacitance  of  the  transmission  line.  Fur- 
thermore, measurements  of  both  the  propagation  con- 
stant and  characteristic  impedance,  which  are  the  two 
primary  parameters  characterizing  the  line,  may  be  im- 
proved by  the  use  of  a  well  conditioned  algorithm. 
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This  paper  introduces  a  new  method  for  the  character- 
ization of  transmission  lines  fabricated  on  lossy  or  dis- 
persive dielectrics.  The  method,  which  is  more  accu- 
rate than  conventional  techniques,  is  used  to  examine 
the  resistance,  inductance,  capacitance,  and  conduct- 
ance per  unit  length  of  coplanar  waveguide  trans- 
mission lines  fabricated  on  lossy  silicon  substrates. 
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The  increasing  use  of  electronics  in  residential  applica- 
tions has  been  paralleled  by  a  realization  that  surge 
protection  may  be  necessary  for  this  type  of  equip- 
ment. Installing  a  surge-protective  device  on  the 
power-line  port  as  well  as  on  the  communications-line 
port  of  a  piece  of  equipment  might  appear  sufficient 
to  ensure  this  protection.  However,  the  normal  oper- 
ation of  one  of  the  protective  devices  during  a  surge 
event  can  create  differences  in  the  voltages  of  the  ref- 
erences of  the  two  ports.  This  difference  in  voltages, 
applied  across  the  equipment  or  across  a  communica- 
tion link  between  two  pieces  of  equipment,  can  result 
in  permanent  damage  as  well  as  upset.  Equalizing 
these  voltages  can  be  achieved  by  proper  routing  of 
the  two  lines  through  a  single  device,  called  Surge  Ref- 
erence Equalizer,  and  thus  avoid  the  risk  of  damage. 
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This  letter  introduces  a  new  method  for  the  character- 
ization of  transmission  lines  fabricated  on  lossy  or  dis- 
persive dielectrics.  The  method,  which  is  more  accu- 
rate than  conventional  techniques,  is  used  to  examine 
the  resistance,  inductance,  capacitance,  and  conduct- 
ance per  unit  length  of  coplanar  waveguide  trans- 
mission lines  fabricated  on  lossy  silicon  substrates. 
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A  method  for  electrically  measuring  the  characteristic 
impedance  of  coaxial  air  line  standards  is  described. 
This  method,  called  the  gamma  method,  determines 
the  characteristic  impedance  of  a  coaxial  air  line  from 
measurements  of  its  propagation  constant  and  capaci- 
tance per  unit  length.  The  propagation  constant  is 
measured  on  a  network  analyzer,  and  the  capacitance 
per  unit  length.  The  propagation  constant  is  measured 
on  a  network  analyzer,  and  the  capacitance  per  unit 
length  is  measured  on  a  capacitance  bridge  at  1  kHz. 
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The  measurements  of  characteristic  impedance  with 
the  gamma  method  are  independent  of  any  dimen- 
sional measurements.  Measurements  of  the  char- 
acteristic impedance  using  the  gamma  method  are 
compared  to  theoretical  predictions  from  dimensional 
measurements.  Test  results  are  shown  for  14  mm,  7 
mm,  and  3.5  mm  coaxial  air  lines. 
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This  report  describes  research  conducted  to  help  es- 
tablish a  standard  critical  current  measurement  tech- 
nique for  Nb3Sn  wires  that  may  be  used  in  fusion  appli- 
cations. The  main  part  of  this  report  is  a  detailed  pres- 
entation of  results  of  the  first  ITER  international 
interlaboratory  comparison  of  Nb3Sn  critical  current 
measurements.  A  common  procedure  and  a  common 
reaction  and  measurement  mandrel  was  used  by  US 
laboratories  in  this  comparison,  whereas  there  was  no 
common  procedure  followed  by  other  international  lab- 
oratories. The  largest  difference  in  l(c)  measurements 
of  two  laboratories  that  did  not  use  a  common  proce- 
dure was  23%.  The  largest  difference  in  l(c)  measure- 
ments of  two  laboratories  that  did  use  a  common  pro- 
cedure was  6.5%.  There  may  still  be  room  for  improve- 
ment, but  this  indicates  the  strong  need  for  a  common 
detailed  procedure.  Results  on  the  homogeneity  of  one 
of  the  Nb3Sn  wires  used  in  this  study  and  a  com- 
mentary on  creating  a  Nb3Sn  Reference  Wire  are  also 
presented. 
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Interfilament  contact  in  Nb3Sn  wires  made  by  the  inter- 
nal-tin-diffusion process  causes  excess  hysteresis  loss 
beyond  the  intrinsic  magnetic  hysteresis  loss  of  the  fila- 
ments. In  analogy  with  eddy-current  and  proximity-ef- 
fect coupling  losses,  the  excess  contact  loss  can  be 
reduced  by  decreasing  the  twist-pitch  length  of  the  fila- 
ments in  the  wire.  One  consequence  of  interfilament 
contact  is  that  volume  magnetization  measurements 
are  strongly  dependent  on  sample  length  below  about 
one  twist  pitch.  We  define  a  characteristic  length 
whose  reciprocal  is  equal  to  the  sum  of  the  reciprocals 
of  the  sample  length  and  the  twist  pitch.  Hysteresis 
loss  is  a  universal  function  of  characteristic  length  for 
different  sample  lengths  and  twist  pitches.  We  discuss 
several  experimental  parameters  for  the  magnetic  de- 
termination of  hysteresis  loss. 
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The  authors  describe  the  apparatus,  instrumentation, 
and  data  acquisition  techniques  which  make  up  the 
micromagnetic  scanning  microprobe  system  (MSMS). 
The  system  was  developed  to  study  magnetoresistive 
(MR)  thin  films  used  in  magnetic  recording  read  heads. 
It  uses  a  dc,  four-probe  resistance  measurement  cou- 
pled with  two  pairs  of  orthogonal  field  sources.  Results 
from  magnetoresistance  measurements  of  the  dy- 
namic response  of  a  MR  read  head  film  are  shown  to 
demonstrate  system  operation  and  performance.  Sig- 
nificant variations  in  MR  responses  were  seen  across 
the  width  of  the  device  because  of  local  domain  forma- 
tion. The  MSMS  is  an  effective  tool  for  characterizing 
the  effects  of  domain  formation  on  the  output  of  a  MR 
read  head. 
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Methods  for  prediction  of  crosstalk  between  microstrip 
transmission  lines  are  reviewed  and  simplified  for  the 
weak-coupling  case.  Classical  coupled  transmission 
line  theory  is  used  for  uniform  lines,  and  potential  and 
induced  EMF  methods  are  used  for  crosstalk  between 
nonuniform  lines.  It  is  shown  that  the  potential  method 
is  equivalent  to  classical  coupled  transmission  line  the- 
ory for  the  case  of  uniform  lines.  An  experiment  was 
performed  for  uniform  coupled  microstrip  lines  for  fre- 
quencies from  50  MHz  to  5  GHz,  and  good  agreement 
between  theory  and  measurement  was  obtained  for 
both  near-  and  far-end  crosstalk. 
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Effects  of  axial  and  transverse  stress  on  the  critical  cur- 
rent of  Nb-tube  processed  multifilamentary  Nb3AI 
wires  have  been  studied.  The  degradations  of  the  criti- 
cal current  due  to  axial  or  transverse  stress  for  these 
Nb3AI  wires  are  much  smaller  than  those  for  Nb3Sn 
wires.  The  microstructures  and  stress  states  of  the 
Nb3AI  wires  have  been  investigated  to  understand  the 
stress  dependences  of  the  critical  current  through  the 
microscopic  observations  and  the  elastic  theory.  From 
an  engineering  standpoint,  the  importance  of  mechani- 
cal strength  of  the  matrix  material  where 
superconducting  filaments  are  embedded  has  been 
found  especially  for  transverse  stress  effects. 
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A  passive  voltage-current  simulator  developed  by  the 
National  Institute  of  Standards  and  Technology  (NIST) 
is  used  to  compare  the  accuracy  of  critical  current 
measurements  and  the  power-law  behavior  of  high 
temperature  superconductors  (HTS).  In  this  study,  criti- 
cal current  measurements  made  from  four  data  acqui- 
sition and  analysis  systems  are  compared  with  those 
carried  out  at  NIST.  This  paper  also  discusses  various 
measurement  techniques,  methods  of  calculating  criti- 
cal current,  and  n-values.  The  V-l  simulator  is  believed 
to  be  an  advancement  towards  defining  the  standards 
for  critical  current  measurements  and  ensuring  the 
traceability  of  results  at  different  test  facilities. 
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Sulfur  hexafluoride  (SF6)  is  currently  the  most  com- 
mon insulating  gas  used  in  enclosed  electrical  sys- 
tems. It  is,  however  a  potent  greenhouse  gas  and, 
thus,  its  use  could  impart  fears  of  environmental  costs, 
regulations,  and  restrictions,  in  spite  of  its  current  low 
levels  in  the  environment.  An  aspect  of  this  potential 
problem,  namely  the  search  for  alternative  high-volt- 
age insulants,  such  as  high-pressure  gaseous 
dielectrics  (e.g.,  N2  and  N2/SF6  mixtures),  is  ad- 
dressed in  this  paper. 
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We  evaluated  an  alternative  approach  for  measuring 
the  critical  current  (Ic)  of  Nb3Sn  wire  which  uses  a 
standard  mandrel  geometry  and  apparatus  interface. 
Preliminary  data  indicate  that  the  tension  in  the  con- 
ductor before  reaction  and  measurement  may  affect 
the  repeatability.  We  show  preliminary  summary  statis- 
tics for  measurements  of  conductors  performed  by  five 
US  laboratories.  The  reaction  and  measurement  man- 
drel used  was  fabricated  using  a  Ti-6  AI-4V  alloy.  This 
high  temperature  alloy  was  used  to  avoid  transferring 
the  specimen  between  mandrels,  thus  reducing  the 
likelihood  of  inadvertent  mechanical  damage  of  the 
specimen.  The  U.S.  International  Thermonuclear  Ex- 
perimental Reactor  (US  ITER)  Home  Team  adopted 
this  approach  in  a  recent  test  because  it  was  expected 
to  be  easily  implemented  and  yield  consistent  results. 
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The  widespreed  use  of  SF6  by  the  electric  power  and 
other  industries  has  led  to  increased  concentiations  of 
SF6  in  the  atmosphere.  This  causes  concern  as  to  pos- 
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sible  effects  on  global  warming,  because  SF6  is  a  po- 
tent greenhouse  gas.  This  paper  first  touches  on  this 
issue  and  then  documents  the  behavior  of  high  pres- 
sure gases  such  as  N2  and  SF6/N2  mixtures  that  can 
be  realistically  considered  as  acceptable  intermediate 
or  long-term  replacements  for  pure  SF6  in  some  HV 
applications.  The  possible  use  of  dilute  SF6/N2  mix- 
tures as  an  alternative  to  pure  SF6  for  some  of  indus- 
try's insulation  needs  (albeit  at  higher  pressure)  is  doc- 
umented, and  existing  knowledge  on  these  mixtures 
and  on  the  individual  components  (N2  and  SF6),  both 
basic  and  applied,  is  compiled.  A  guide  to  existing  lit- 
erature is  provided. 
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The  paper  proposes  to  establish  a  program  for  charac- 
terizing surge  events  by  the  capability  of  a  surge  event 
to  deliver  a  surge  current  through  the  power  system 
in  end-user  facilities.  This  characterization  would  com- 
plement or  even  supersede  the  conventional  monitor- 
ing of  surge  voltages.  Two  approaches  are  suggested: 
(1)  using  a  metal-oxide  varistor  with  the  lowest  pos- 
sible voltage  to  'attract'  surges  away  from  other  SPDs 
connected  in  the  facility,  and  then  recording  the  surge 
current  waveform  in  the  varitor;  (2)  gathering  data  on 
field  failure  attributable  to  surges  or  swells  for  all  types 
of  electrical  appliances,  then  attempting  to  replicate  the 
failure  mode  in  the  laboratory. 
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This  Bibliography  is  a  complement  to  the  Annotated 
Bibliography  that  was  initially  compiled  for  identifying 
promising  test  methods  to  detect  incipient  defects  due 
to  aging  of  cables.  That  compilation  led  to  the  selection 
of  two  methods  for  a  demonstration  at  the  National  In- 
stitute of  Standards  and  Technology  (NIST),  Partial 
Discharge  Analysis  and  Time-Domain  Spectroscopy. 
The  literature  search  covers  the  period  1989-1995, 
with  emphasis  on  partial  discharge  measurements, 
data  reduction  and  simulation,  on  measurement  of  di- 
electric properties,  and  to  some  degree,  on  insulation 
aging. 
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NIST  and  other  laboratories  have  observred  an  anom- 
alous switching  phenomenon  that  can  occur  in  critical- 
current  measurement  of  coiled  Nb-Ti  and  Nb3Sn 


superconductors  when  mounted  on  an  electrically-con- 
ductive measurement  mandrel.  During  aquistion  of  the 
voltage-current  (V-l)  characteristic,  large  voltage  dis- 
continuities are  observed.  This  switching  phenomenon 
results  in  a  multivalued  V-l  curve,  and  apparently  mul- 
tiple 'critical-current'  values.  An  explanation  of  this  phe- 
nomenon, some  necessary  conditions  for  switching  to 
occur,  as  well  as  methods  of  detecting  the  phenome- 
non are  given. 
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This  paper  proposes  a  glass  fiber,  245  micrometers  in 
diameter,  with  an  appropriate  index  of  refraction  as  a 
standard  for  the  calibration  of  outer  primary  coating  di- 
ameter measurements.  Fibers  will  be  manufactured  by 
either  a  melt  process  or  a  draw  process.  The  index  of 
refraction  will  be  measured  by  the  Becke  line  method 
and  the  diameter  with  a  contact  micrometer. 
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To  explore  the  electrical  characteristics  of  monolithic 
microwave  circuits  with  integrated  high-temperature 
superconductor  and  ferroelectric  materials,  the  authors 
fabricated  a  series  of  coplanar  waveguide  transmission 
lines  in  laser-deposited  YBa2Cu3O708  and  SrTi03 
thin  films.  The  authors  characterized  the  voltage-tun- 
able two-port  microwave  response  of  the  transmission 
lines  at  cryogenic  temperatures  using  a  calibrated  net- 
work analyzer  system.  Total  phase  shifts  and  phase 
tuning  in  these  devices  increased  for  increasing  ferro- 
electric film  thickness  with  only  moderate  increases  in 
transmission  loss. 
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A  review  of  the  most  common  methods  of  permittivity 
measurements  on  thin  films,  printed-wiring  and  circuit 
boards,  and  substrates  is  presented.  Transmission-line 
techniques,  coaxial  apertures,  open  resonators,  sur- 
face-wave modes,  and  dielectric  resonators  methods 
are  examined.  The  frequency  range  of  applicability  and 
typical  uncertainties  associated  with  the  methods  are 
summarized. 
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The  authors  measured  the  magnetoresistive  response 
of  submicron  NIFe/Ag  giant  magnetoresistive  (GMR) 
devices  as  a  function  of  current  density  and  field  angle. 
In  addition  to  magnetostatic  broadening,  the  authors 
observe  large  jumps  in  the  magnetoresistive  response 
(Barkhausen  jumps)  due  to  domain  switching.  These 
effects  lead  to  irregular  device-specific 
magnetoresistive  response  curves.  The  large  Bark- 
hausen jumps  are  more  pronounced  at  low  current 
density  while  at  high  current  densities  the  response  is 
smoother  due  to  self  field  stabilization.  The  detailed 
structure  of  the  Barkhausen  jumps  is  very  sensitive  to 
the  angle  of  the  applied  magnetic  field.  These  effects 
are  general  properties  of  wide  class  of  GMR  materials 
that  rely  on  incoherent  reversal  of  many  small  mag- 
netic domains. 
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The  authors  analyze  radiation  from  a  microstrip  trans- 
mission line  and  calculate  total  radiated  power  by  nu- 
merical integration.  Reverberation  chamber  methods 
for  measuring  radiated  emissions  and  immunity  are  re- 
viewed and  applied  to  three  microstrip  configurations. 
Measurements  from  200  to  2000  MHz  are  compared 
with  theory,  and  excellent  agreement  is  obtained  for 
two  configurations  that  minimize  feed  cable  and  finite 
ground  plane  effects.  Emissions  measurements  are 
found  to  be  more  accurate  than  immunity  measure- 
ments because  the  impedance  mismatch  of  the  receiv- 
ing antenna  cancels  when  the  ratio  of  the  microstrip 
and  reference  radiated  power  measurements  is  taken. 
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As  departing  President  of  IEEE's  Dielectrics  and  Elec- 
trical Insulation  Society  after  two  years,  there  are 
changes  that  have  occured  and  highlights  that  have 
been  noticed.  The  Society  now  has  stronger  con- 
ferences on  a  global  scale  with  greater  student  rep- 
resentation. Membership  size  has  grown  and  finan- 
cially the  Society  is  in  sound  condition.  Work  for  the 
future  will  include  broadening  the  scope  of  the  Society 
to  increase  interest  in  the  areas  of  semiconductors, 
electronic  and  medicine  related  to  unique  insulation 
and  dielectrics  challenges. 
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A  program  at  the  National  Institute  of  Standards  and 
technology  supports  the  electrical  characterization  of 
electronic  packaging  and  interconnections  in  terms  of 
scattering  parameters,  impedances,  and  transmission 
line.  This  paper  reviews  the  basic  methodology,  includ- 
ing its  orgins  in  the  characterization  of  monolithic 
microwave  integrated  circuits,  and  describes  the  re- 
sulting calibration  and  measurement  methods  that 
have  been  developed. 
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Precision,  air-dielectric  coaxial  transmission  line  stand- 
ards are  commonly  used  with  automatic  network  ana- 
lyzers for  impedance  measurements.  This  report  sum- 
marizes recent  efforts  at  NIST  to  attain  improved  di- 
mensional and  geometric  characterization  of  coaxial 
lines.  The  use  of  computer-sided  methods  that  aug- 
ment traditional  air  gaging,  roundness  testing,  and  co- 
ordinate measuring  machine  analysis  will  also  be  dis- 
cussed. 
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We  apply  a  previously  developed  Line-Reflect-Match 
(LRM)  calibration  that  compensates  for  the  nonideal 
electrical  behavior  of  the  match  standard  to  microstrip 
transmission  lines  and  investigate  impedance  defini- 
tions, standard  parasitics,  and  calibration  accuracy. 
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To  demonstrate  real-world  scenarios,  a  replica  of  the 
wiring  system  in  a  typical  residence  was  installed  in 
the  laboratory.  This  paper  reports  selected  results  from 
many  measurements,  and  presents  the  corresponding 
numerical  modeling,  thereby  leading  to  mutual  valida- 


tion of  the  two  processes.  Two  exposure  scenarios  for 
producing  differences  of  voltages  between  the  power 
and  data  ports  of  appliances  are  illustrated.  Additional 
measurements  and  parametric  variations  are  reported 
here  to  characterize  the  impedance  of  the  various  com- 
ponents of  the  wiring  system  and  the  source 
impendance  of  the  resulting  overvoltages  appearing 
between  the  ports. 
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An  experimental  technique  is  described  that  tests  the 
hydrodynamic  stability  of  the  fluid  boundary  in  a  fluid- 
insulated  system:  a  quasi-uniform  field  configuration  is 
used  and  a  pulsed,  Nd:YAG  laser  is  employed  to  cre- 
ate a  micro-bubble  at  the  surface  of  one  electrode.  The 
gap  is  pulse-charged  and  the  laser  is  synchronized 
with  the  time-of-application  of  the  voltage  pulse.  Under 
appropriate  experimental  conditions  of  voltage  and 
laser  pulse  energy,  the  bubble  evolves  to  produce  full 
electrical  breakdown  by  the  onset  and  propagation  of 
instabilities  in  the  bubble  surface.  Experimental  data 
obtained  in  hexane  are  presented. 
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This  is  an  overview  of  techniques  for  dielectric  and 
magnetic  measurements  of  low-loss  through  high-loss 
materials  in  the  frequency  range  from  50  MHz  to  2  GHz 
and  over  a  temperature  range  of  -50  deg  C  to  200  deg 
C.  The  authors  conclude  that  a  single  fixture  is  not  ade- 
quate to  satisfy  the  measurement  objectives.  The  nec- 
essary measurements  can  be  met  using  a  combination 
of  reentrant  cavity,  coaxial  line,  and  dielectric  resonator 
fixtures.  In  order  to  minimize  heat  loss,  the  coaxial  line 
fixture  should  be  milled  from  stainless  steel  stock  and 
then  gold  plated.  The  reentrant  cavity  and  split  post 
resonator  fixtures  should  be  fitted  with  high  tempera- 
ture coaxial  cables  and  temperature  control  obtained 
from  an  environmental  furnace. 
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The  authors  describe  a  coaxial  line-reflect-match  cali- 
bration that  corrects  for  imperfections  in  the  load  used 
as  a  match  standard.  The  method  provides  a  practical 
means  of  obtaining  accurate,  wideband  calibrations 
with  compact  coaxial  standard  sets.  When  the  load 
model  is  valid,  the  load  may  be  characterized  using  an 
additional  line  of  moderate  length. 
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Chapter  15  described  conventional  electromagnetic 
compatibility  compliance  test  facilities  which  consist  of 
open-field  or  shielded  enclosures.  Shielded  enclosures 
have  low  residual  noise  levels  and  electrical  isolation 
or  shielding.  Presumably,  open-field  sites  provide  both 
a  reference  and  a  perturbation-free  environment  in 
which  actual  operating  conditions  of  the  equipment  can 
be  simulated.  However,  open-field  sites  do  not  provide 
isolation  from  the  environment  and  hence  they  can  be 
used  only  under  special  circumstances. 
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Simultaneous  measurements  were  made  of  electrical 
and  acoustic  signals  from  partial  discharge  (PD)  pro- 
duced by  applying  an  alternative  voltage  at  a  frequency 
of  70  Hz  to  a  point-plane  electrode  gap  immersed  in 
transformer  oil.  Both  internally  and  externally  mounted 
acoustic  sensors  were  tested,  and  in  all  cases  the  in- 
tensity of  the  acoustic  PD  signal  was  found,  on  aver- 
age, to  increase  with  the  amplitude  of  the  electrical  PD 
signal.  The  correlation  between  acoustic  and  electrical 
PD  signal  was  found  to  be  consistent  with  results  re- 
ported from  previous  investigations.  It  is  shown  here 
that,  because  of  this  strong  correlation,  it  is  possible 
to  extract  statistical  information  from  continuously  re- 
corded acoustic  PD  data,  such  as  pulse  phase  (time) 
and  amplitude  distributions  that  are  in  agreement  with 
those  obtained  from  electrical  data.  It  is  demonstrated 
that  by  having  continuous  records  of  all  PD  events  that 
occur  during  a  test,  it  is  possible  to  uncover  new  statis- 
tical information  that  is  useful  in  attempts  to  understand 
the  physical  basis  for  the  phenomenon. 
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This  circular  contains  information  on  the  construction 
and  characteristics  of  wire-wound  resistors  of  the  pre- 
cision type.  There  are  also  included  descriptions  of  the 
methods  used  at  this  Bureau  for  the  test  of  precision 
resistors  and  the  calibration  of  precision  resistance 
measuring  apparatus.  Although  the  presentation  is 
nontechnical,  there  is  a  considerable  amount  of  infor- 
mation on  the  characteristics  and  limitations  of  appara- 
tus of  this  type  that  should  be  of  interest  to  any  one 
making  accurate  measurements  of  electrical  resist- 
ance. 
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The  electrical  performance  of  many  superconducting 
materials  is  strongly  dependent  on  mechanical  load. 
This  report  presents  electromechanical  data  on  a 
broad  range  of  high-magnetic-field  superconductors. 
The  conductors  that  were  studied  fall  into  three  general 
categories:  candidate  conductors,  experimental  con- 
ductors, and  reference  conductors.  Research  on  can- 
didate conductors  for  fusion  applications  provides 
screening  data  for  superconductor  selection  as  well  as 
engineering  data  for  magnet  design  and  performance 
analysis.  The  effect  of  axial  tensile  strain  on  critical- 
current  density  was  measured  for  several  Nb3Sn  can- 
didate conductors  including  the  US-DPC  (United 
States  Demonstration  Poloidal  Coil)  cable  strand  and 
an  ITER  (International  Thermonuclear  Experimental 
Reactor)  candidate  conductor.  Also,  data  are  pre- 
sented on  promising  experimental  superconductors 
that  have  strong  potential  for  fusion  applications.  Axial 
strain  measurements  were  made  on  a  V3Ga  tape  con- 
ductor that  has  good  performance  at  magnetic  fields 
up  to  20  T.  Axial  strain  data  is  also  presented  for  three 
experimental  Nb3Sn  conductors  that  contain  disper- 
sion hardened  copper  reinforcement  for  increased  ten- 
sile strength.  Finally,  electromechanical  characteristics 
were  measured  for  three  different  Nb3Sn  reference 
conductors  from  the  first  and  second  VAMAS  (Ver- 
sailles Project  on  Advanced  Materials  and  Standards) 
international  Nb3Sn  critical-current  round  robins.  Pub- 
lished papers  containing  key  results,  including  the  first 
measurement  of  the  transverse  stress  effect  in  Nb3Sn, 
the  effect  of  stress  concentration  at  cable-strand  cross- 
overs, and  electromechanical  characteristics  of  Nb3AI, 
are  included  throughout  the  report. 
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Uncertainty  estimates  are  developed  for  dielectric 
permittivity  calculations  made  using  the  NIST  60-mm 
diameter  cylindrical  resonator.  A  mode-filtering  helical 
waveguide  makes  up  the  cavity's  cylindrical  wall,  which 
permits  the  generation  of  high-purity  TE(01p)  resonant 
modes  for  high  accuracy  permittivity  measurements. 
The  cavity's  length  can  be  varied  from  408  to  433  mm. 
Fixed-length  and  fixed-frequency  measurements  in  the 
X-band  frequency  range  are  evaluated  with  particular 
emphasis  on  10  GHz.  Resonator  theory  and  design, 
measurement  tolerances,  and  software  are  included. 
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High-temperature  silicides  have  been  used  in  mechan- 
ical structures,  heating  elements,  and  electronic, 
CMOS  applications.  Their  stability  in  high  temperature 
oxidizing  environments  and  excellent  electrical  con- 
ductivity may  also  make  them  useful  as  high  tempera- 
ture thin-film  sensors  in  harsh  environments.  We  have 
investigated  sputter  deposited  MoSi2,  ReSi2,  TaSi2, 
TiSi2,  and  WSi2  thin  films  and  characterized  their  per- 
formance as  thermoelements  and  stability  up  to  1200 
C.  A  multilayer  technique  was  developed  to  ensure 
constant  silicide  stoichiometry  during  oxidation  thereby 
maintaining  a  constant  Seebeck  coefficient.  In  addi- 
tion, techniques  were  developed  to  suppress  the  for- 
mation of  metal  oxides  from  the  silicides.  The  results 
indicated  excellent  stability  of  Seebeck  coefficient  up 
to  1200  C.  These  results  are  compared  with  the  prob- 
lems of  thin  film  instability  in  the  Seebeck  coefficient 
found  in  noble  metal  thermocouples.  Potential  applica- 
tions for  temperature  and  heat  transfer  measurements 
will  be  discussed. 
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Transparent  thin-film  electrical  conductors  have  been 
sputter  deposited  to  form  transparent  thermocouples. 
Indium-tin  oxide  (ITO)  and  antimony-tin  oxide  (ATO) 
have  demonstrated  Seebeck  coefficients  of  7-77  micro 
V/C,  depending  on  their  conductivity  and  fabrication 
parameters.  In  addition  to  results  for  in-house-fab- 
ricated thermocouples,  thermoelectric  measurements 
are  reported  on  commercial  ATO,  ITO,  and  fluorine- 
doped  tin  oxide  transparent  films. 
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This  paper  describes  the  recently  developed  capaci- 
tance Measurement  Assurance  Program  (MAP)  serv- 
ice at  the  National  Institute  of  Standards  and  Tech- 
nology (NIST).  Using  a  commercial  digital  capacitance 
meter  as  the  transport  standard,  two  separate  pilot  pro- 
grams for  the  capacitance  MAP  have  been  carried  out 
for  standards  at  both  the  1,000  pF  and  100  pF  levels. 
The  first  was  carried  out  as  a  single  transfer  with  a  gov- 
ernment standards  laboratory,  and  the  second  was  de- 
signed for  round-robin  measurements  as  a  multiple 
transfer  by  three  industrial  standards  laboratories.  In 
contrast  to  the  normal  MAP,  where  the  transport  stand- 
ards are  measured  by  the  client  laboratory,  the  capaci- 
tance MAP  involves  measurements  performed  on 
'dummy'  standards  by  both  the  meter  (transport  stand- 
ard) and  the  laboratory  capacitance  measuring  sys- 
tems. Results  from  these  two  pilot  programs  are  pre- 
sented. Also  included  are  requirements  and  proce- 
dures for  laboratories  interested  in  participating  in  the 
capacitance  MAP  service. 
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Copper  plays  many  roles  in  applied  superconductivity, 
but  its  contribution  is  seldom  acknowledged.  In  this 
paper,  we  review  the  uses  of  copper  in  each  of  many 
categories,  both  historically  and  in  the  latest  applica- 
tions. A  brief  description  of  the  desired  properties  of 
the  copper  used  for  each  application  will  be  given, 
along  with  some  suggestions  as  to  how  to  achieve 
these  properties  in  commercial  copper  products. 
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Discrete  electron-molecule  processes  relevant  to  SF6 
etching  plasmas  are  examined.  Absolute,  total  scatter- 
ing cross  sections  for  0.2-12-eV  electrons  on  SF6, 
S02,  SOF2,  S02F2,  SOF4,  and  SF4,  as  well  as  cross 
sections  for  negative-ion  formation  by  attachment  of 
electrons,  have  been  measured.  These  are  used  to 
calculate  dissociative-attachment  rate  coefficients  as  a 
function  of  E/N  for  SF6  by-products  in  SF6. 
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The  U.S.  representation  of  the  ohm  is  based  on  the 
quantized  Hall  resistance  of  6453.20175  ohms  with  a 
combined  standard  uncertainty  of  0.02  ppm.  To  main- 
tain the  ohm  at  this  resistance  or  other  resistances  at 
this  uncertainty  level  requires  well  characterized  stand- 
ard resistors.  A  sometimes  overlooked  parameter  af- 
fecting standard  resistors  is  pressure.  A  variety  of 
standard  resistors  are  examined  for  pressure  depend- 
encies over  the  range  250  hectopascals  (hPa)  above 
and  below  a  standard  atmosphere.  Results  indicate 
that  the  pressure  coefficients  of  resistance  for  some 
standards  are  significant. 
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Methods  for  preparing  practical  contacts  to  high-T(c) 
superconductors  are  described,  including  quick,  easy 
techniques  for  attachment  of  voltage-taps,  and  detailed 
descriptions  of  how  to  fabricate  high-quality  contacts 
for  current  connections.  Methods  for  soldering  and 
lead  attachment  that  preserve  the  low-resistivity  of 
high-quality  contacts  are  also  presented. 
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Thin  film  thermocouples  have  the  advantage  of  ex- 
tremely fast  response  (<  1  ms),  low  cost,  and  very  fine 
spatial  resolution.  These  capabilities  have  permitted 
measurements  never  before  possible,  such  as  the  in- 
stantaneous temperature  measurements  of  the  inside 
surfaces  of  a  diesel  engine  cylinder  during  operation. 
Although  these  type  S  platinum  plus  platinum  10%  rho- 
dium thermocouples  are  stable  at  the  900-1100  C 
range,  oxidation  of  rhodium  can  take  place  in  the  600- 
800  C  range  in  air  which  lessens  the  thermoelectric  po- 
tential of  the  positive  element.  We  evaluated  the  effect 
of  air  exposures  to  high  temperature  thin  film 
thermocouples  and  attempted  to  find  solutions  to  the 
problem.  We  found  that  after  50  h  at  750  C  the 
Seebeck  coefficient  of  a  platinum  10%  rhodium  ele- 
ment was  reduced  50%  compared  to  the  as-sputtered 
condition.  The  reduction  of  Seeback  coefficient  at  700 
and  800  C  was  also  substantial.  This  reduction  in 
Seeback  coefficient  could  be  recovered  by  annealing 
the  thin  film  at  900  C.  The  degradation  after  750  C 
could  be  suppressed  using  a  1  micrometer  sputtered 
aluminum  oxide  coating.  The  reversible  behavior  sug- 
gests the  formation  of  Rh203  at  700-800  C  and  its  sub- 
sequent reduction  at  temperatures  at  which  the  free 
energy  of  formation  is  zero  or  positive.  Microstructural 
evidence  confirm  these  conclusions. 
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An  electrochemical  method  for  preparing  silicon  mem- 
branes that  relies  on  the  use  of  room  temperature  lith- 
ium diffusion  to  create  a  compensated,  high  resistivity 
layer  with  very  low  etch  rate  near  one  surface  of  a  p- 
type  Si  wafer  is  described.  The  bulk  wafer  can  be  dis- 
solved away,  leaving  behind  a  membrane  that  can  be 
between  several  tenths  of  a  micrometer  and  several 
micrometers  in  thickness.  The  various  parameters  that 
affect  the  thickness  of  the  membrane  are  described. 
As  an  example  of  this  technique,  the  preparation  of  a 
670  nm  thick  silicon  membrane  is  described. 
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A  dc  electric  field  applied  to  a  quartz  plate  resonator 
causes  changes  in  the  elastic  constants  which  can 
lead  to  a  change  in  the  frequency  of  the  resonator.  This 
effect,  known  as  the  polarizing  effect,  has  been  shown 
to  be  extremely  linear.  We  have  used  this  effect  to  build 
a  phase  modulator  with  2nd-harmonic  distortion  that  is 
at  least  1 17  dB  below  the  fundamental  modulation  and 
low  added  phase  noise.  A  description  of  the  modulator 
as  well  as  methods  of  measurement  are  discussed. 
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We  have  studied  the  amplitude  modulation  (AM)  and 
phase  modulation  (PM)  noise  in  a  number  of  5  MHz 
and  1 00  MHz  oscillators  to  provide  a  basis  for  develop- 
ing models  of  the  origin  of  AM  noise.  To  adequately 
characterize  the  AM  noise  in  high  performance  quartz 
oscillators,  we  found  it  necessary  to  use  two-channel 
cross-correlation  AM  detection.  In  the  quartz  oscillators 
studied,  the  power  spectral  density  (PSD)  of  the  f(sup 
-1)  and  f(sup  0)  regions  of  AM  noise  is  closely  related 
to  that  of  the  PM  noise.  The  major  difference  between 
different  oscillators  of  the  same  design  depends  on  the 
flicker  noise  performance  of  the  resonator.  We  there- 
fore propose  that  the  f(sup  -1)  and  f(sup  0)  regions  of 
AM  and  PM  noise  arise  from  the  same  physical  proc- 
esses, probably  originating  in  the  sustaining  amplifier. 
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Of  the  electrical  measurements  that  underpin  the 
broad  spectrum  of  modern  industry,  measurements  of 
voltage,  resistance,  and  impedance  are  among  the 
most  important.  National  Standards  laboratories  have 
developed  intrinsic  standards  based  on  quantum  ef- 
fects, such  as  Josephson's  Effect  and  the  quantum 
Hall  effect  that  can  be  used  to  realize  standards  of  volt- 
age and  resistance.  The  equipment  necessary  to  ob- 
serve these  phenomena  is  very  complex  and  expen- 
sive, and  these  standards  have  not  yet  found  wide  ap- 
plication in  industrial  laboratories.  This  paper  assesses 
the  possibility  of  developing  a  commercially  viable 
quantum  Hall  effect-based  resistance  standards  sys- 
tem. The  capabilities  of  resistance  calibration  systems 
currently  in  use  are  summarized,  and  specifications  for 
a  competitive  quantum  Hall  effect-based  system  are 
described.  The  realization  of  such  a  system  presents 
numerous  challenges,  from  making  suitable  samples, 
to  developing  high  accuracy,  automated  measurement 
systems,  to  developing  low  cost,  reliable  cryogenic 
systems.  These  technical  challenges  are  discussed  in 
detail,  and  several  possible  commercial  systems  are 
described. 
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We  have  fabricated  and  characterized  electrically  tun- 
able  high   temperature   superconductor  coplanar 


microstrip  resonators  incorporating  tunable  SrTi03  fer- 
roelectric thin  films.  The  low  frequency  capacitance  of 
the  SrTi03  capacitor  is  measured  directly.  High  fre- 
quency capacitance  and  loss  information  are  extracted 
from  the  observed  resonances  and  compared  with  the 
low  frequency  data.  Hysteresis  loops  display  an  onset 
of  ferroelectricity  at  160  K.  The  spontaneous  charge 
and  coercive  voltage  (at  10  kHz)  as  a  function  of  tem- 
perature are  extracted  from  these  loops. 
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Eddy-current  decay  is  a  unique,  nondestructive  meth- 
od for  determining  the  low-temperature  resistivity  of 
large  samples  of  pure  metal.  Furthermore,  it  is  the  only 
means  available  for  measurement  of  the  residual  resis- 
tivity ratio  (RRR),  rho(273  K)/rho(4  K),  of  samples  with 
shapes  that  do  not  lend  themselves  to  conventional 
four-wire  resistance  measurement  techniques.  An  im- 
provement to  an  earlier  implementation  of  the  eddy- 
current  decay  method  of  resistivity  characterization  is 
presented.  It  involves  modernizing  the  earlier  appara- 
tus by  the  use  of  a  digitizing  oscilloscope,  commercial 
curve-fitting  software,  digital  averaging  techniques, 
and  modern  electronics.  Data  are  shown  for  high-purity 
copper  cylinders. 
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A  dielectric  resonator  technique  has  been  used  for 
measurements  of  the  permittivity  and  dielectric  loss 
tangent  of  single-crystal  dielectric  substrates  in  the 
temperature  range  20-300  K  at  microwave  fre- 
quencies. Application  of  superconducting  films  made 
it  possible  to  determine  dielectric  loss  tangents  of 
about  5  X  10(exp  -7)  at  20  K.  Two  permittivity  tensor 
components  for  uniaxially  anisotropic  samples  were 
measured.  Generally,  single-crystal  samples  made  of 
the  same  material  by  different  manufacturers  or  by  dif- 
ferent processes  have  significantly  different  losses,  al- 
though they  have  essentially  the  same  permittivities. 
The  permittivity  of  one  crystalline  ferroelectric  sub- 
strate, SrTi03,  strongly  depends  on  temperature.  This 
temperature  dependence  can  affect  the  performance 
of  ferroelectric  thin-film  microwave  devices,  such  as 
electronically  tunable  phase  shifters,  mixers,  delay 
lines  and  filters. 
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We  have  fabricated  and  characterized  YBCO 
(YBa2Cu30(7-x))  microstrip  resonators  on 
LAO(LaAI03)  substrates  that  include  thin  film 
STO(SrTi03)  coplanar  capacitors  to  study  the  dielec- 
tric properties  of  thin  film  STO.  The  low  frequency  ca- 
pacitance of  the  STO/LAO  capacitor  is  measured  as 
a  function  of  temperature  and  dc  bias.  We  use  the  ob- 
served resonant  frequencies  to  extract  the  microwave 
frequency  capacitance  of  the  structure  and  the  Q's  to 
determine  the  microwave  losses.  A  conformal  map  is 
developed  and  used  to  transform  the  observed 
capacitances  into  dielectric  constant  values  for  the  thin 
film  STO. 
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Domain-induced  diffraction  effects  produced  by  two 
iron  garnet  thick  films  and  two  bulk  crystals  are  com- 
pared. The  thick  films,  characterized  by  a  serpentine 
magnetic  domain  structure,  produced  nonlinear  re- 
sponse functions;  this  is  in  qualitative  agreement  with 
a  one-dimensional  diffraction  model.  Bulk  iron  garnet 
crystals,  which  exhibited  a  complex  three-dimensional 
domain  structure,  produced  qualitatively  similar  effects 
that  diminished  with  increasing  crystal  length.  Differen- 
tial signal  processing  resulted  in  a  linear  signal  for  the 
thick  films  and  a  primarily  sinusoidal  response  for  the 
bulk  crystals. 
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Sulfur  hexafluoride  (SF6)  is  the  most  commonly  used 
insulating  gas  in  electrical  systems  to  date.  It  is  how- 
ever, a  potent  greenhouse  gas  and,  thus,  its  use  en- 
tails fears  of  environmental  costs,  regulations,  and  re- 
strictions, in  spite  of  its  current  low  levels  in  the  envi- 
ronment. This  potential  problem  and  current  efforts  in 
the  search  for  short-term  and  long-term  solutions  are 
briefly  outlines  and  discussed  in  this  report.  Limiting 
the  release  of  SF6  in  the  environment,  recycling  SF6, 
and  using  it  where  it  is  needed  the  most,  are  among 
the  elements  of  an  emerging  consensus  effort  for  the 
short  run.  A  long-term  solution  may  include  the  search 
for  alternative  high-voltage  insulants  such  as  high- 
pressure  gaseous  dielectrics  (e.g.,  N2  and  N2/SF6 
mixtures). 
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The  authors  describe  a  novel  technique  for  character- 
izing the  dielectric  response  of  ferroelectric  thin  films 
at  microwave  frequencies.  The  method  involves  a 
microstrip  resonator  which  incorporates  a  ferroelectric 
capacitor  at  its  center.  To  demonstrate  this  method  the 
authors  have  fabricated  a  superconducting  microstrip 
resonator  from  a  laser  ablated  Yba2Cu30(7-delta) 
(YBCO)  film  on  a  LaAI03(LAO)  subsrate  with  a 
SrTi03(STO)  capacitor  at  its  center.  The  authors  re- 
port the  observed  dielectric  behavior  of  the  STO  laser 
ablated  film  as  a  function  of  bias  at  liquid  He  and  N2 
temperatures  and  at  high  and  low  frequencies.  It  is  ob- 
served that  the  electrically  tunable  dielectric  constant 
of  the  STO  film  is  roughly  independent  of  frequency 
up  to  20  GHz  (especially  at  high  bias).  The  loss  tangent 
of  the  STO/LAO  capacitor  decreases  with  increasing 
bias  and  is  apparently  independent  of  frequency  be- 
tween 6  and  20  GHz. 
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The  frequency,  amplitude,  and  noise  of  the  output  sig- 
nal of  a  quartz  oscillator  are  affected  by  a  large  number 
of  environmental  effects.  The  paper  examines  the 
physical  bases  for  the  sensitivity  of  precision  oscillators 
to  temperature,  humidity,  pressure,  acceleration  and 
vibration,  magnetic  field,  electric  field,  load,  and  radi- 
ation. The  sensitivity  of  quartz  oscillators  to  radiaton 
is  a  very  complex  topic  and  poorly  understood.  There- 
fore only  a  few  general  results  are  mentioned.  The 
senstivity  to  most  external  influences  often  varies  sig- 
nificantly both  from  one  oscillator  type  to  another  and 
from  one  unit  of  a  given  type  to  another.  For  a  given 
unit,  the  sensitivity  to  one  parameter  often  depends  on 
the  value  of  other  parameters  and  on  history. 
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An  impedance  bridge  that  compares  two-terminal 
standard  inductors  to  characterized  ac  resistors  in  the 
frequency  range  of  10  Hz  to  100  kHz  is  described.  A 
dual-channel,  digitally-synthesized  source  and  sam- 
pling digital  multimeter  are  used  to  generate  and  meas- 
ure relevant  bridge  signals.  A  linear  interpolation  algo- 
rithm is  used  to  autocalibrate  the  bridge  to  a  1  nF  gas 
dielectric  capacitor.  An  intercomparison  of  the  new 
bridge  with  existing  measurement  standards  con- 
ducted in  the  low  audio  frequency  range  shows  agree- 
ment of  50  to  200  parts  in  10(exp  6)  for  inductors  for 
1  mHto  10  H. 
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Dielectric  resonator  techniques  are  commonly  used  for 
permittivity  and  the  dielectric  loss  tangent  measure- 
ments of  low-loss  materials.  Usually,  the  TE  mode  (1- 
2)  or  TE  mode  (3-5)  is  used.  In  this  case,  if  dielectric 
characterization  is  required  at  various  frequencies, 
more  than  one  sample  of  the  material  under  test  must 
be  provided.  These  samples  must  have  differing  phys- 
ical dimensions.  In  order  to  perform  dielectric  measure- 
ments on  a  single  sample  at  several  contiguous  fre- 
quency subbands,  higher-order  TE  modes  may  be  uti- 
lized. These  higher-order  modes  are  tuned  by  chang- 
ing the  distance  between  the  conductor  ground  planes 
of  the  dielectric  resonator.  Identification  of  higher-order 
TE  resonant  modes  in  several  cylindrical  samples  of 
the  material  under  test  allows  properties  to  be  deter- 
mined over  a  broad  frequency  spectrum. 


02,274 

PB96-119326       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Gaithersburg,  MD.  Electricity  Div. 

Automated  Resistance  Measurements  at  NIST. 

Final  rept. 

R.  F.  Dziuba.  1995,  7p. 

Pub.  in  National  Conference  of  Standards  Laboratories 
(NCSL)  Workshop  and  Symposium,  Dallas,  TX.,  July 
16-20,  1995,  p189-195. 

Keywords:  "Resistors,  "Automation,  "Calibration,  "US 
NBS,  Measurements,  Quality  assurance,  Standards, 
Reprints,  Standard  resistors,  NIST(National  Institute  of 
Standards  and  Technology). 

The  National  Institute  of  Standards  and  Technology 
(NIST)  provides  a  calibration  service  for  dc  standard 
resistors  over  17  decades  of  resistance  from  10(exp 
-4)  Ohms  to  10(exp  12)  Ohms  using  seven  independ- 
ent measurement  systems.  Four  measurement  sys- 
tems are  completely  automated  for  calibrating  resistors 
from  1  Ohms  to  1  M  Ohms.  A  fifth  system  for  high  re- 
sistance measurements  is  semiautomated.  Plans  are 
underway  to  fully  automate  this  system,  along  with  the 
remaining  two  measurements  is  semiautomated.  Plans 
are  underway  to  fully  automate  this  system,  along  with 
the  remaining  two  measurement  systems.  The  primary 
consideration  to  automate  a  measurement  system  is 
to  improve  the  quality  of  measurements,  and  not  sim- 
ply to  relieve  the  operator  from  tedious  repetitive  meas- 
urements. This  paper  describes  the  extent  and  future 
plans  of  resistance  measurement  automation  at  NIST. 
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An  environmental  chamber  has  been  developed  for 
housing  standard  resistors  under  controlled  tempera- 
ture and  humidity  conditions  during  calibration  in  air. 
The  design  allows  sufficient  space  for  standard  resis- 
tors to  be  housed  in  a  volume  of  0.25  cubic  meters 
with  sixteen  pairs  of  coaxial  connectors  feeding 
through  the  chamber  wall  to  the  lab  environment.  The 
box  is  of  double-walled  construction  with  the  inner  box 
electrically  and  thermally  insulated  from  the  outer  box. 
Improved  insulation  and  control  circuitry  along  with 
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added  volume  are  some  of  the  improvements  this  new 
air  chamber  has  over  other  chambers  previously  used 
for  calibrating  standard  resistors  at  NIST. 
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The  document  describes  the  capacitance  Measure- 
ment Assurance  Program  (MAP)  service  at  the  Na- 
tional Institute  of  Standards  and  Technology  (NIST). 
This  service,  which  uses  a  commercial  digital  capaci- 
tance meter  as  the  transport  standard,  provides  cali- 
bration for  capacitance  standards  at  both  the  1000  pF 
and  100  pF  levels,  at  a  frequency  of  1  kHz.  In  contrast 
to  the  normal  MAP,  where  the  transport  standards  are 
measured  by  the  client  laboratory,  the  capacitance 
MAP  involves  measurements  performed  on  'dummy' 
standards  by  both  the  Meter  (transport  standard)  and 
the  laboratory  capacitance  measuring  system.  Meas- 
urement procedures  and  requirements  for  client  lab- 
oratories are  included.  Also  presented  are  error  analy- 
sis, assigned  values,  and  equations  to  estimate  the 
combined  uncertainties  of  the  assigned  values. 
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The  frequency  instabilities  of  precision  bulk  acoustic 
wave  (BAW)  quartz  crystal  oscillators  are  reviewed. 
The  fundamental  limits  on  the  achievable  frequency 
stabilities,  and  the  degree  to  which  the  fundamental 
limits  have  been  approached  to  data  are  examined.  In- 
cluded are  the  instabilities  as  a  function  of  time,  tem- 
perature, acceleration,  ionizing  radiation,  electro- 
magnetic fields,  humidity,  atmospheric  pressure, 
power  supply,  and  load  impedance.  Most  of  the  fun- 
damental limits  are  zero  or  negligibly  small,  a  few  are 
finite.  We  speculate  about  progress  which  may  be 
achievable  in  the  future  with  respect  to  approaching 
the  fundamental  limits.  Suggestions  are  provided 
about  the  paths  that  may  lead  to  significant  stability  im- 
provements. 
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Electromagnetic  compatibility  (EMC)  issues  involving 
acoustical  instruments,  especially  their  susceptibility 
and  immunity  to  electromagnetic  interference  (EMI), 
are  increasing  in  importance.  Of  particular  significance 
is  the  impact  on  commercial  practice  and  international 
trade  of  two  Councils  of  the  European  Communities  di- 
rectives regarding  generic  apparatus  and  medical  de- 
vices. Directive  93/42/EED  is  being  interpreted  to  in- 
clude hearing  aids  and  audiometric  instruments.  In  the 


U.S.A.,  at  least,  existing  standards  for  measuring  such 
shielded-room  performance  were  not  specifically  de- 
veloped for  audiometric  booths.  Methods  in  some  of 
these  standards  have  been  adapted  and  applied  to  that 
purpose.  Selected  standards,  methods,  and  some  con- 
siderations regarding  their  application  to  measuring  the 
shielding  performance  of  audiometric  booths  in  hos- 
pital/clinical environments  are  discussed. 
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An  electromagnetic-acoustic  transducer  (EMAT)  sys- 
tem was  used  in  conjunction  with  a  'sample'  CW  sig- 
nal-processing method  to  generate,  receive,  and  proc- 
ess longitudinal  and  shear  waves  in  thin  steel  sheets. 
Using  the  system,  swept-frequency  measurements 
were  made  up  to  7.5  MHz.,  To  relate  the  measure- 
ments to  sheet  steel  formability,  a  dimensionless  fre- 
quency ratio,  K,  was  computed  from  the  resonant  fre- 
quencies. From  theoretical  considerations,  K  should  be 
related  to  a  measure  of  steel  sheet  formability,  r.  This 
parameter  is  traditionally  measured  by  plastically  de- 
forming uniaxial  tension  specimens.  Good  correlation 
was  found  between  K  and  r  for  a  set  of  steel  sheet 
represenative  of  those  typically  used  to  produce  auto- 
mobile body  parts. 
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Electromagnetic-acoustic  transducers  (EMATs)  work 
on  transduction  principles  which  allow  them  to  operate 
with  a  clearance  (liftoff)  between  them  and  a  conduct- 
ing specimen.  They  have  the  potential  for  on-line  ultra- 
sonic measurements  of  rapidly  moving  materials.  Lift- 
off causes  changes  in  the  effective  inductance  and  re- 
sistance of  the  EMAT.  Consequently,  it  causes  a 
phase  shift  in  the  output  voltage  of  a  receiving  EMAT. 
This  can  cause  errors  when  the  EMAT  is  used  for  ve- 
locity measurements.  In  this  paper,  the  authors  de- 
velop a  model  for  the  effect  of  liftoff.  The  model  gives 
good  agreement  with  measured  liftoff-induced  arrival 
time  changes.  The  model  can  be  extended  to  the  case 
of  an  EMAT  used  with  a  voltage  stepup  transformer. 
The  maximum  signal  is  obtained  for  EMATs  operating 
at  resonance;  however,  the  maximum  sensitivity  to  lift- 
off also  occurs  then.  Thus,  a  tradeoff  must  be  made 
between  optimum  signal  and  supressing  liftoff  artifacts. 
The  authors'  model,  and  experimental  results,  can  be 
used  to  make  these  tradeoffs. 
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Ultrasonics  offers  a  potential  means  to  measure  sheet 
steel  formability  nondestructively.  The  formability  can 


be  characterized  by  the  plastic  strain  ratio,  or  r-value. 
To  be  practical,  an  ultrasonic  system  should  resolve 
r-value  accurately,  on  rapidly  moving  material.  The  au- 
thors report  here  on  research  which  quantifies  factors 
which  could  degrade  this  resolution.  The  authors  also 
present  means  to  suppress  these  artifacts.  They  have 
developed  a  moving  sheet  device  (MSD)  to  be  used 
as  a  test  bed  to  demonstrate  the  feasibility  of  on-line 
measurement  of  r-value  in  a  steel  mill.  The  device  can 
move  specimens  at  speeds  comparable  to  those  in  in- 
dustrial practice.  An  automated  velocity  measurement 
system  has  also  been  developed  and  integrated  with 
the  MSD.  This  allows  ultrasonic  measurements  to  be 
made  with  an  array  of  transducers.  Measurements 
were  made  in  both  static  and  dynamic  mode.  Artifacts 
due  to  sheet  motion  were  found  to  be  small,  and  should 
not  significantly  degrade  4-value  resolution. 
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The  Faraday  effect  in  the  thick  epitaxial  films  of  mag- 
netic garnets  of  the  type  used  in  magnetooptic  isolators 
can  be  used  as  the  basis  for  a  fiber-optic  magnetic  field 
sensor.  These  films  have  uniaxial  anisotropy  per- 
pendicular to  the  surface  and  they  contain  bismuth  to 
enhance  the  Faraday  rotation.  The  typical  magnetic 
domain  pattern  of  meandering  stripes  changes  in  re- 
sponse to  an  applied  field  perpendicular  to  the  film  and 
this  changes  the  polarization  of  infrared  light  propagat- 
ing perpendicular  to  the  film.  Theory  and  experiment 
show  that  the  speed  of  operation  is  limited  by  relax- 
ation or  resonance  effects  to  upper  frequencies  be- 
tween 10(6)  and  10(9)  Hz.  Maximum  sensitivity  re- 
quires low  magnetic  moment  and  large  thickness,  in 
conflict  with  the  requirements  for  high  speed. 
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Thin  Film  thermocouples  have  unique  capabilities  for 
measuring  surface  temperatures  at  high  temperatures 
(above  800K)  under  harsh  conditions.  Their  low  mass, 
approximately  2  x  ten  to  the  minus  5  power  g/mm  per- 
mits very  rapid  response  and  very  little  disturbance  of 
heat  transfer  to  the  surface  being  measured.  This  has 
led  to  applications  inside  gas  turbine  blades  and  vanes 
and  ceramic  liners  in  diesel  cylinders.  The  most  suc- 
cessful high  temperature  (up  to  1300/K)  thin  film 
thermocouples  are  sputter  deposited  from  platinum 
and  platinum  10%  rhodium  targets  although  results 
using  base  metal  alloys,  gold,  and  platinel  will  also  be 
presented.  The  paper  reviews  the  fabrication  tech- 
niques used  to  form  the  thermocouples,  approaches 
used  to  solve  the  high  temperature  insulation  and  ad- 
herence problems,  current  applications,  and  test  re- 
sults using  the  thin  film  thermocouples.  In  addition,  a 
discussion  will  be  presented  on  the  recent  research  on 
thin  film  transparent  thermocouples. 
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Resistors  are  inportant  components  in  electrical  and 
electronic  circuits.  The  article  begins  with  a  brief  histor- 
ical account  of  the  evolution  of  the  different  types  of 
resistors  starting  with  wirewounds  and  proceeding  to 
carbon  composition  and  the  various  film-type  resistors. 
The  concept  of  resistance  is  briefly  described  along 
with  Ohm's  Law  and  the  unit  of  resistance.  By  inter- 
national agreement,  since,  January  1,  1990,  the  unit 
of  resistance  has  been  expressed  in  terms  of  the  quan- 
tum Hall  effect  which  occurs  in  suitable  semiconduc- 
tors operating  at  high  magnetic  fields  and  low  tempera- 
tures and  is  based  on  fundamental  constants.  The  im- 
portance of  resistors  in  the  measurement  of  current, 
voltage  ratios,  temperature,  and  displacement  is  also 
discussed.  The  article  describes,  in  more  detail,  resis- 
tor fabrication  including  the  main  constructural  ele- 
ments of  base  material,  resistive  element,  termi- 
nations, and  protective  enclosure.  Then  separate  cat- 
egories of  carbon  composition,  wirewound,  metal  foil, 
thin  film,  and  thick  film  resistors  are  characterized.  The 
article  next  discusses  the  key  characteristics  of  the  dif- 
ferent types  of  resistors,  including  accuracy,  stability, 
power  rating,  temperature  coefficient,  load  coefficient, 
voltage  coefficient,  humidity  effects,  pressure  effects, 
and  freqency  effects.  Finally,  the  common  classifica- 
tion of  resistors,  according  to  their  intended  use  and 
inherent  performence,  is  described.  The  classification 
includes  standard  resistors,  resistors  in  electronic  cir- 
cuits, integrated  circuit  resistors,  high  current  resistors, 
and  high  voltage  resistors. 
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Power  loading  effects  in  dc  resistance  references  are 
not  well  understood  even  for  the  most  commonly  used 
high  precision  standards.  The  paper  will  examine  load- 
ing effects  and  their  contribution  to  the  uncertainty  of 
recent  NIST  comparisons  of  the  quantum  Hall  effect 
and  calculable  capacitor. 
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The  paper  gives  an  overview  of  the  development  of 
thin-film  multijunction  thermal  converters  (FMJTCs)  at 
the  National  Institute  of  Standards  and  Technology 
(NIST).  A  historical  perspective  of  film  thermal  convert- 
ers is  presented,  followed  by  descriptions  of  the  moti- 
vation, fabrication  processes,  physical  characteristics 
and  the  electrical  properties  of  the  FMJTCs  produced 
at  NIST.  Integrated  micropotentiometers  which  incor- 
porate FMJTCs  and  thermal  converters,  produced  by 
an  alternative  fabrication  technology  using  a  CMOS 
foundry,  are  also  described.  The  paper  concludes  with 
a  report  on  the  current  status  of  the  FMJTC  project  and 
future  directions. 
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Empirical  linear  prediction,  developed  at  NIST,  has  re- 
cently been  applied  to  the  NIST  calibration  of  a  com- 
mercial multi-range  ac-dc  thermal  transfer  standard. 
This  approach  reduced  the  number  of  required  test 
points  by  62  percent,  resulting  in  significant  cost  sav- 
ings. The  calibration  model  was  developed  using  ex- 
tensive test  data  obtained  from  the  instrument  manu- 
facturer. Calibration  measurements  for  the  instrument 
under  test  were  made  at  the  reduced  set  of  test  points 
enabling  subsequent  predictions  of  the  response  at  all 
unmeasured  points  using  the  model.  Uncertainties  for 
the  unmeasured  points  were  developed  by  testing  the 
goodness  of  fit  of  the  calibration  measurements  to  the 
model.  These  uncertainty  intervals  depend  on  the  qual- 
ity of  the  model  as  well  as  on  the  number  of  points  ac- 
tually measured.  The  ability  of  the  model  to  character- 
ize the  instrument  under  test  is  key  to  achieving  low 
uncertainties.  A  brief  mathematical  description  of  the 
modeling  and  prediction  process  is  presented  along 
with  measurement  results. 
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The  design  and  testing  of  a  low  thermal  guarded  scan- 
ner developed  to  provide  completely  guarded  switch- 
ing when  used  with  guarded  resisted  bridge  networks 
is  described. 
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The  implementation  of  an  automated  guarded  bridge 
for  calibrating  multimegohm  standard  resistors  is  de- 
scribed. A  guarded  Wheatstone  bridge  has  been  as- 
sembled with  programmable  dc  calibrators  in  two  of  the 
arms  allowing  multiple  ratios  and  test  voltages  to  be 
remotely  selected.  Preliminary  measurements  will  be 
reported  along  with  the  balancing  algorithm. 
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Described  are  the  measurement  systems  and  methods 
used  for  calibrating  standard  resistors  from  10  M  ohms 
to  1  T  ohms  at  the  National  Institute  of  Standards  and 
Technology  (NIST).  Presently  four  systems  are  used 
for  the  calibration  of  standard  resistors  at  and  above 
10  M  ohms.  An  automated  guarded  multimegohm 
bridge  has  recently  been  developed  to  augment  a 
manual  guarded  Wheatstone  bridge  and  a  semiauto- 
mated  teraohmmeter  system.  An  automated  resist- 
ance ratio  bridge  is  used  during  the  scaling  process. 
Scaling  from  one  decade  to  the  next  is  done  by  using 
guarded  Hamon  boxes  and  the  high  resistance 
bridges. 
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The  latest  NIST  results  from  the  comparison  of  the 
quantized  Hall  resistance  (QHR),  with  the  realization 
of  the  SI  ohm  obtained  from  the  calculable  capacitor 
measurement  will  be  reported.  Various  systematic 
checks  have  been  performed. 
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The  latest  NIST  results  from  the  comparison  of  the 
quantized  Hall  resistance  (QHR),  with  the  realization 
of  the  SI  ohm  obtained  from  the  calculable  capacitor 
measurement  will  be  reported.  Various  systematic 
checks  have  been  performed. 
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The  authors  report  on  measurements  of  capacitors 
with  about  1  pF  of  capacitance,  which  have 
unmeasurably  small  leakage  at  very  low  frequencies, 
placing  a  lower  bound  of  about  10  to  the  19th  power 
omega  on  the  parallel  resistance  at  an  effective  fre- 
quency of  1  mHz.  These  measurements  are  made  pos- 
sible by  two  themes:  the  use  of  vacuum-gap  capacitors 
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(i.e.,  no  dielectric  material,  operated  in  vacuum),  and 
detection  of  leakage  using  single  electron  tunneling 
(SET)  electrometers,  which  have  very  high  input  im- 
pedance. The  authors  also  report  on  good  achieved 
results  in  time  stability  and  lack  of  frequency  and  volt- 
age dependence. 
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Properties  of  the  hydrogenated  amorphous  silicon  (a- 
Si:H)  films  used  in  photovoltaic  (PV)  panels  are  re- 
ported. The  atomic-scale  topology  of  the  surface  of  in- 
trinsic a-Si:H  films,  measured  by  scanning  tunneling 
microscopy  (STM)  as  a  function  of  film  thickness,  are 
reported  and  diagnosed.  For  1-500-nm-thick  films  de- 
posited under  normal  device-quality  conditions  from 
silane  discharges,  most  portions  of  these  surfaces  are 
uniformly  hilly  without  indications  of  void  regions.  How- 
ever, the  STM  images  indicate  that  2-6-nm  silicon  par- 
ticulates are  continuously  deposited  into  the  growing 
film  from  the  discharge  and  fill  approximately  0.01% 
of  the  film  volume.  Although  the  STM  data  are  not  sen- 
sitive to  the  local  electronic  properties  near  these  par- 
ticulates, it  is  very  likely  that  the  void  regions  grow 
around  them  and  have  a  deleterious  effect  on  a-Si:H 
photovoltaics.  Preliminary  observations  of  particulates 
in  the  discharge,  based  on  light  scattering,  confirm  that 
particulates  are  present  in  the  discharge  and  that  many 
collect  and  agglomerate  immediately  downstream  of 
the  electrodes.  Progress  toward  STM  measurements 
of  the  electronic  properties  of  cross-sectioned  a-Si:H 
PV  cells  is  also  reported. 
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Processes  to  fabricate  metal-insulator-semiconductor 
(MIS)  capacitors  on  the  cubic  (3C)  form  of  silicon  car- 
bide (SiC)  were  studied.  The  insulating  layers  were 
formed  from  either  thermally  grown  oxide  or  chemical- 
vapor-deposited  (CVD)  silicon  dioxide.  The  effects  of 
wet  or  dry  oxygen  and  of  oxidation  temperatures  be- 
tween 1050  and  1200  C  on  the  electrical  properties  of 
devices  with  thermal  oxides  were  determined.  Elec- 
trical characterization  techniques  appropriate  for  these 
devices  on  SiC  were  developed  and  applied  to  the  fab- 
ricated capacitors.  The  capacitors  were  characterized 
from  multiple-frequency  capacitance-voltage  (C-V) 
measurements  as  a  function  of  temperature  from  room 
temperature  to  300  C.  The  apparent  interface  trap  level 
densities  were  estimated  from  the  high-frequency  C- 
V  curves. 
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This  is  the  thirty-third  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology  (formerly 
the  National  Bureau  of  Standards)  Center  for  Elec- 
tronics and  Electrical  Engineering.  This  issue  of  the 
CEEE  Technical  Progress  Bulletin  covers  the  fourth 
quarter  of  calendar  year  1990.  Abstracts  are  provided 
by  technical  area  for  both  published  papers  and  papers 
approved  by  NIST  for  publication.  Main  headings  from 
the  Table  of  Contents  include  the  following:  Semi- 
conductor Technology  Program;  Signals  and  Systems 
Metrology  Program;  Fast  Signal  Acquisition,  Process- 
ing, and  Transmission;  Electrical  Systems;  Electro- 
magnetic Interference;  Additional  Information:  1991 
CEEE  Calendar;  Sponsor  List;  Key  Contacts  in  Center, 
Center  Organization. 
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The  design  guidelines  for  test  chips  NIST3  and  NIST4 
are  specified  in  this  manual.  These  chips  were  de- 
signed for  process  monitoring  and  device  parameter 
extraction  for  a  CMOS  (Complementary  Metal-Oxide- 
Semiconductor)-on-SOI  (Silicon-On-lnsulator)  proc- 
ess. The  chips  contain  structures  which  are  common 
to  a  standard  CMOS  process  as  well  as  structures  spe- 
cifically designed  for  a  SIMOX  (Separation  by  the  IM- 
plantation  of  OXygen)  process.  In  order  to  facilitate  the 
CAD  process,  a  unique  'technology  file'  was  created 
for  the  Magic  VLSI  layout  editor  used  on  a  Sun-3/280 
system  running  Sun  Version  3.5.  This  SIMOX  tech- 
nology file  is  very  general  and  can  be  used  to  build 
CMOS  as  well  as  SIMOX  chips.  NIST3  is  6380  mi- 
crometers x  4780  micrometers  and  contains  several 
large-geometry  MOSFETs,  resistors,  and  capacitors. 
NIST4  is  1  cm  x  1  cm  and  contains  approximately  300 
small-geometry  test  structures.  The  SIMOX  specific 
structures  found  on  these  chips  include  MOSFETs,  ca- 
pacitors, interconnects,  and  pads  to  be  discussed  in 
more  detail.  The  test  guide  for  the  test  structures  on 
NIST3  and  NIST4  is  included  in  a  separate  manual 
(PB93-1 52106). 
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This  report  is  the  supplement  to  the  NIST  Special  Pub- 
lication entitled,  'Semiconductor  Measurement  Tech- 
nology: Design  and  Testing  Guides  for  the  CMOS  and 
Lateral  Bipolar-on-SOl  Test  Library.'  This  supplement 
contains  the  complete  set  of  figures  from  the  above 
mentioned  document  with  the  test  structures  provided 
in  color  for  easier  interpretation. 
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This  is  the  forty-first  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology,  Elec- 
tronics and  Electrical  Engineering  Laboratory.  This 
issue  of  the  EEEL  Technical  Progress  Bulletin  covers 
the  fourth  quarter  of  calendar  year  1 992.  Abstracts  are 
provided  by  technical  area  for  both  published  papers 
and  papers  approved  by  NIST  for  publication. 
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prints, 'SOI(Semiconductors),  Drain  current  overshoot. 

The  authors  present  an  efficient  method  to  compute 
the  maximum  transient  drain  current  overshoot  in  sili- 
con-on-insulator  metal-oxide-silicon  field  effect  transis- 
tors. The  method  is  based  on  the  physical  idea  that 
the  number  of  majority  carriers  remains  unchanged  im- 
mediately after  a  change  in  the  applied  gate  bias.  The 
maximum  overshoot  is  computed  by  solving  the 
Poisson  and  the  stationary  minority  carrier  transport 
equations  under  the  constraint  that  the  number  of  ma- 
jority carriers  is  conserved.  Hence,  the  novel  aspect 
of  the  method  is  that  it  allows  one  to  compute  the  maxi- 
mum drain  current  overshoot  without  resorting  to  a 
computationally  costly  transient  simulation.  The  accu- 
racy of  the  method  is  verified  by  comparing  the  value 
of  the  drain  current  computed  by  the  method  with  the 
maximum  value  of  the  drain  current  computed  by  tran- 
sient simulations.  The  comparisons  show  that,  with  this 
method,  the  maximum  transient  drain  current  over- 
shoot can  be  computed  quite  accurately  for  fast 
changes  in  the  gate  bias. 
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Prepared  in  cooperation  with  George  Washington 
Univ.,  Washington,  DC.  School  of  Engineering  and  Ap- 
plied Science. 
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Design  and  testing  guides  have  been  developed  tor  the 
test  library  from  which  test  chip  NIST8  and  test  wafer 
NIST9  were  derived.  They  were  designed  for  use  in 
process  monitoring  and  device  parameter  extraction  to 
evaluate  and  compare  CMOS  (Complementary  Metal- 
Oxide-Semiconductor)  test  structures,  including  de- 
vices and  circuits,  fabricated  on  both  bulk  silicon  and 
SOI  (Silicon-on-lnsulator),  specifically  SIMOX  (Sepa- 
ration by  the  IMplantation  of  OXygen),  wafers.  The  test 
library  consists  of  both  CMOS-on-SOl  and  lateral  bipo- 
lar-on-SOl  modules.  From  it,  20  modules  were  assem- 
bled to  create  CMOS  test  chip  NIST8  that  was  fab- 
ricated using  a  standard  bulk  CMOS  foundry  through 
the  MOSIS  service.  SOI/SIMOX  test  wafer  NIST9  con- 
tains approximately  1000  modules  and  was  also  as- 
sembled from  modules  in  this  test  library.  Fourteen 
processing  masks  are  used  to  fabricate  depletion- 
mode  MOSFETs,  lateral  bipolar  devices,  and  CMOS 
MOSFETs  with  source-to-channel  ties.  The  SOI/ 
SIMOX  technology  file  used  with  the  Magic  VLSI  layout 
editor  was  modified  to  include  the  layers  necessary  to 
generate  these  14  processing  masks.  This  modifica- 
tion is  discussed,  and  unique  test  structure  designs  are 
presented. 
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The  measurement  of  layer-to-layer  feature  overlay  will, 
in  the  foreseeable  future,  continue  to  be  a  critical 
metrological  requirement  for  the  semiconductor  indus- 
try. Meeting  the  image  placement  metrology  demands 
of  accuracy,  precision,  and  measurement  speed  favors 
the  use  of  electrical  test  structures.  In  this  paper,  a  two- 
dimensional,  modified  voltage-dividing  potentiometer 
is  applied  to  a  short-loop  VLSI  process  to  measure 
image  placement.  The  contributions  of  feature  place- 
ment on  the  reticle  and  registration  on  the  wafer  to  the 
overall  measurement  are  analyzed  and  separated.  Ad- 
ditional sources  of  uncertainty  are  identified,  and  meth- 
ods developed  to  monitor  and  reduce  them  are  de- 
scribed. 
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A  recently  developed  electro-thermal  network  simula- 
tion methodology  is  used  to  analyze  the  behavior  of 
a  full-bridge,  pulse-width-modulated,  voltage-source 
inverter  which  uses  IGBTs  (Insulated  Gate  Bipolar 
Transistors)  as  the  switching  devices.  The  electro-ther- 
mal simulations  are  performed  using  the  Saber  Circuit 
simulator  and  include  the  control  logic  circuitry,  the 
IGBT  gate  drivers,  the  physics-based  IGBT  electro- 
thermal model,  and  the  thermal  network  component 
models  for  the  power  device  silicon  chips,  packages, 
and  heat  sinks.  It  is  shown  that  the  thermal  response 
of  the  silicon  chip  determines  the  IGBT  temperature 
rise  during  the  device  switching  cycle.  It  is  also  shown 
that  the  full  electro-thermal  analysis  is  required  to  ac- 
curately describe  the  power  losses  and  circuit  effi- 
ciency. 
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Time-Dependent  Dielectric  Breakdown  (TDDB)  data 
are  presented  for  15-  and  22.5-nm  oxides  collected 
over  a  wide  range  of  electric  fields  and  temperatures. 
The  results  indicate  that  it  is  necessary  to  obtain  data 
over  this  range  to  distinguish  between  the  two  field  ac- 
celeration models  and  to  quantify  the  electric  field  and 
temperature  dependencies  of  the  thermal  activation 
energy  and  the  field  acceleration  factor  respectively. 
We  also  demonstrate  the  use  of  temperatures  as  high 
as  400  C  to  accelerate  time-dependent  dielectric 
breakdown. 
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Time-Dependent  Dielectric  Breakdown  (TDDB)  data 
are  presented  for  15-  and  22.5-nm  oxides  collected 
over  a  wide  range  of  electric  fields  and  temperatures. 
The  results  indicate  that  it  is  necessary  to  obtain  data 
over  this  range  to  distinguish  between  the  two  field  ac- 
celeration models  and  to  quantify  the  electric  field  and 
temperature  dependencies  of  the  thermal  activation 
energy  and  the  field  acceleration  factor,  respectively. 
We  also  report  on  the  TDDB  characteristics  of  thin 
Si02  films  at  temperatures  as  high  as  400  C  and  dem- 
onstrate the  use  of  these  temperatures  to  accelerate 
TDDB. 
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Scanning  tunneling  microscopy  (STM)  and  atomic 
force  microscopy  operating  in  air  have  been  used  to 
investigate  locations  of  molecular-beam  epitaxially 
grown  GaAs  multiple  pn  junctions  cleaved  and 
passivated  with  P2S5.  Symmetrically  and  asymmet- 
rically doped  junctions  were  prepared  within  topo- 
graphically delineated  AlAs/GaAs  marker  regions  for 
this  in-air  study  of  electronic  junction  contrast.  Our  re- 
sults indicate  that  the  STM-delineated  junction  loca- 
tions do  not  coincide  with  the  electrical  junction  loca- 
tions, but  rather  shift  into  the  p-type  regions. 
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Keywords:  'Electrical  measurement, 
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sional measurement,  Integrated  circuits,  Integrated  op- 
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This  is  the  thirty-ninth  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology,  Elec- 
tronics and  Electrical  Engineering  Laboratory  (EEEL). 
This  issue  of  the  'EEEL  Technical  Publication  An- 
nouncements' covers  the  fourth  quarter  of  calendar 
year  1993.  Abstracts  are  provided  by  technical  areas 
for  papers  published.  Major  subject  headings  include 
the  following:  Semiconductor  Microelectronics;  Signal 
Acquisition,  Processing,  and  Transmission;  Electrical 
Systems;  Electromagnetic  Interference. 
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This  is  the  forty-sixth  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology,  Elec- 
tronics and  Electrical  Engineering  Laboratory  (EEEL). 
This  issue  of  the  'EEEL  Technical  Progress  Bulletin' 
covers  the  first  quarter  of  calendar  year  1994.  Ab- 
stracts are  provided  by  technical  area  for  both  pub- 
lished papers  and  papers  approved  by  NIST  for  publi- 
cation. Major  subject  headings  include  the  following: 
Fundamental  Electrical  Measurements;  Semiconduc- 
tor Microelectronics;  Signal  Acquisition,  Processing, 
and  Transmission;  Electrical  Systems;  Electro- 
magnetic Interference;  Video  Technology. 
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This  is  the  forty-fourth  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology,  Elec- 
tronics and  Electrical  Engineering  Laboratory  (EEEL). 
This  issue  of  the  'EEEL  Technical  Progress  Bulletin' 
covers  the  third  quarter  of  calendar  year  1993.  Ab- 
stracts are  provided  by  technical  area  for  both  pub- 
lished papers  and  papers  approved  by  NIST  for  publi- 
cation. Major  subject  headings  include  the  following: 
Fundamental  Electrical  Measurements;  Semiconduc- 
tor Microelectronics;  Signal  Acquisition,  Processing, 
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and  Transmission;  Electrical  Systems;  Electro- 
magnetic Interference;  Law  Enforcement  Standards; 
Product  Data  Systems;  Video  Technology. 
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transistors,  Chips(Electronics),  Computerized  simula- 
tion, Photomasks,  Reprints. 

A  complete  numerical  simulation  package  for 
submicron  photolithography  is  described  in  depth.  Four 
of  the  computational  steps  are  analyzed:  aerial  image 
generation,  exposure,  postexposure  bake,  and  dis- 
solution. An  application  to  bar  printing  over  a  MOSFET 
gate  is  described.  In  addition,  the  utility  of  phase-shift 
masks  is  described,  and  the  effects  of  aberrations  are 
explored. 
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As  silicon  devices  approach  0.2  micrometer  in  size,  it 
will  be  essential  to  have  accurate  values  for  the  major- 
ity and  minority  mobilities  of  electrons  and  holes. 
These  mobilities  have  been  calculated  in  silicon  for 
donor  and  acceptor  densities  between  10(sup  17)/cc 
and  10(sup  20)/cc.  All  the  important  scattering  mecha- 
nisms have  been  included.  The  ionized  impurity  scat- 
tering has  been  treated  with  a  quantum-mechanical 
phase-shift  analysis.  The  results  are  in  good  agree- 
ment with  experiment.  In  addition,  the  ionized  impurity 
scattering  rates  calculated  from  the  quantum-mechani- 
cal phase  shifts  and  those  rates  calculated  from  the 
Born  approximation  are  shown  to  differ  by  more  than 
factors  of  three.  The  commonly  used  Born  approxima- 
tion is  not  valid  for  low  energy  carriers  near  band 
extrema. 
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Evidence  for  structural  changes  in  SIMOX  buried  ox- 
ides is  presented.  We  show  that  deep  electron  traps 
may  be  created  in  SIMOX  buried  oxides;  these  elec- 
tron traps  could  compensate  for  some  positively 
charged  E'  centers.  In  addition,  we  report  observation 
of  relatively  high  densities  of  hydrogen-related  defects 
in  VUV  illuminated  oxides.  We  suggest  that  this  short 
range  disorder  may  be  responsible  for  the  differences 


between  the  response  of  ordinary  thermal  oxide  and 
SIMOX  buried  oxides. 
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A  new  test  structure  has  been  designed  to  measure 
the  positions  of  the  images  of  an  array  of  fiducial  marks 
projected  from  a  mask  into  a  resist  film  on  a  substrate. 
The  resist  film  on  the  substrate  covers  a  nominally 
matching  array  of  partially  formed  versions  of  the  test 
structure  prepatterned  in  a  conducting  film.  Instances 
of  the  finished  structure  are  formed  on  the  substrate 
by  further  selective  removal  of  conducting  material 
from  the  partially  formed  test  structures  where  they  are 
overlaid  by  images  of  the  fiducial  marks  on  the  mask. 
At  each  array  point,  the  feature  of  the  completed  test 
structure  that  is  defined  by  the  overlay  of  the  image 
of  the  fiducial  marks  on  the  mask  is  called  the  pointer. 
The  part  of  the  partially  formed  test  structure  that  is 
unaffected  by  the  overlay  of  the  images  of  the  fiducial 
marks  on  the  mask  serves  as  a  ruler.  Electrical  testing 
accurately  provides  the  precise  location  of  the  pointer 
relative  to  the  ruler  within  each  test  structure.  The 
paper  describes  the  test  structure  and  provides  exam- 
ples of  measurements  that  indicate  precision  to  within 
less  than  2  nm  and  accuracy  of  better  than  7  nm. 
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The  methods  of  testing  wire  bonds  are  reviewed. 
These  include  the  bond  pull  test,  the  nondestructive 
bond  pull  test,  and  ball  shear  test,  the  'pluck'  test,  and 
the  thermal  stress  test.  In  the  process  of  discussing 
the  tests,  their  usage  in  production  is  emphasized  and 
their  reliability  implications  are  discussed. 
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We  have  successfully  made  low  resistance  contacts 
between  high-quality  films  of  YBa2Cu30(7-x)  (YBCO) 
and  single-crystal  Si  substrates  through  Ag-Au  inter- 
connections. The  YBCO  films  were  deposited  by  laser 
ablation  on  an  epitaxial  yttria-stabilized  zirconia  buffer 
layer  on  Si  and  had  zero-resistance  critical  tempera- 
tures of  83-85  K  after  patterning  into  lines.  Specific 
contact  resistivities  (resistance-area  products)  of  the 


YBCO  to  Si  interconnection,  limited  by  the  Au  to  Si 
interface,  of  10(sup  -6)  ohm  (cm  squared)  were 
achieved  on  heavily  doped  Si  after  deposition  and  pat- 
terning of  the  YBCO  film.  This  demonstrates  the  use 
of  high-temperature  superconductors  as  a  wiring  layer 
compatible  with  conventional  Si  metal-oxide  semi- 
conductor processing. 
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The  drive  circuit  requirements  of  the  insulated  gate  bi- 
polar transistor  (IGBT)  are  explained  with  the  aid  of  an 
analytical  model.  It  is  shown  that  non-quasi-static  ef- 
fects limit  the  influence  of  the  drive  circuit  on  the  time 
rate-of-change  of  anode  voltage.  Model  results  are 
compared  with  measured  turn-on  and  turn-off  wave- 
forms for  different  drive,  load,  and  feedback  circuits 
and  for  different  IGBT  base  lifetimes. 
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A  simple,  practical  method  is  described  to  extract  the 
carrier  concentration  and  mobility  of  each  component 
of  a  multicarrier  semiconductor  system  (which  may  be 
either  a  homogeneous  or  multilayered  structure)  from 
variable  magnetic  field  measurements.  Advantages  of 
the  present  method  are  mainly  due  to  the  inclusion  of 
both  the  longitudinal  and  transverse  components  of  the 
conductivity  tensor  and  normalization  of  these  quan- 
tities with  respect  to  the  zero-field  longitudinal  compo- 
nent of  the  conductivity  tensor.  This  method  also  pro- 
vides a  simple,  direct  criterion  by  which  one  can  easily 
determine  whether  the  material  under  test  is  associ- 
ated with  a  one-carrier  or  multicarrier  conduction.  The 
method  is  demonstrated  for  a  simple  one-carrier  sys- 
tem (GaAs  single-channel  high-electron-mobility-tran- 
sistor (HEMT)  structure)  and  two  multicarrier  systems 
(an  InGaAs-GaAs  double-channel  HEMT-structure 
and  two  types  of  carriers  present  in  an  InGaAs  single- 
channel  HEMT  structure).  The  analysis  of  the  experi- 
mental data  obtained  on  these  samples  demonstrates 
the  utility  of  the  method  presented  here  for  extracting 
carrier  concentrations  and  mobilities  in  advanced 
semiconductor  structures. 
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SIMOX  (Separation  by  IMplantation  of  OXygen)  is  a 
leading  technology  for  providing  SOI  material  for  com- 
plementary metal-oxide-semiconductor  (CMOS)  cir- 
cuits which  have  increased  radiation  hardness  and 
higher  operating  speed.  Defects  in  the  top  Si  layer  af- 
fect CMOS  device  yield,  operation,  and  reliability.  De- 
fects in  annealed  SIMOX  form  from  oxide  precipitation 
and  dissolution  during  thermal  ramping  and  annealing. 
These  defects  include  dislocations,  stacking  faults, 
stacking  fault  pairs,  and  stacking  fault  tetrahedra.  Mul- 
tiple cycles  of  implantation  and  annealing  and  higher 
temperature  implantation,  above  600  C,  have  been 
used  to  reduce  the  defect  density.  Thermal  ramping 
rate  and  annealing  ambient  can  significantly  affect  pre- 
cipitation processes  and  defect  formation  during  ther- 
mal ramping.  In  this  work,  the  effect  of  thermal  ramping 
conditions,  including  oxide  capping,  on  defect  forma- 
tion was  studied. 
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The  terms  in  the  title  of  this  paper  are  often  used  to 
characterize  the  quality  of  any  measurement  result. 
However,  these  terms  (particularly  accuracy  and 
traceability)  are  very  often  confused  (and  abused)  in 
practice.  They  often  do  not  have  the  same  meaning 
to  the  seller,  buyer,  and  user  of  metrology  instruments. 
Each  of  these  terms  has  a  very  specific  meaning  and 
definition  and  each  should  be  fully  understood  and 
quantified  properly  before  being  used  to  convey 
metrological  information  for  any  purpose.  This  paper 
summarizes  the  generally-accepted  generic 
metrological  meaning  and  significance  of  these  terms 
for  the  purpose  of  clarifying  any  misunderstanding  that 
might  otherwise  arise  between  the  metrologist  and  the 
user  of  metrological  data.  These  meanings  are  illus- 
trated by  discussing  their  application  to  dimensional 
standards  presently  available  to  the  semiconductor  in- 
dustry from  NIST. 


02,320 

PB94-213147       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Gaithersburg,  MD.  Electricity  Div. 

Custom  Integrated  Circuit  Comparator  for  High- 

Performance  Sampling  Applications. 

Final  rept. 

O.  B.  Laug,  T.  M.  Souders,  and  D.  R.  Flach.  1992, 
5p. 

Pub.  in  Proceedings  of  Institute  of  Electrical  and  Elec- 
tronics Engineers  Instrumentation  and  Measurement 
Technology  Conference,  Secaucus,  NJ.,  May  12-14, 
1992,  p437-441. 

Keywords:  'Application  specific  integrated  circuits, 
'Comparator  circuits,  Frequency  domain,  Time  do- 
main, Electrical  measurement,  Electric  pulses,  Volt- 
age, Performance,  Design,  Silicon,  Reprints,  Wave- 
form sampling. 

This  paper  reports  on  the  design  and  performance  of 
an  application  specific  integrated  circuit  (ASIC)  com- 
parator that  has  been  optimized  for  equivalent-time 
waveform  sampling  applications.  The  comparator, 
which  has  been  fabricated  with  an  8.5  GHz  f(sub  tau), 
bipolar  silicon  process,  features  a  bandwidth  of  >2 
GHz,  a  settling-time  accuracy  of  0.1%  in  2  ns,  and  al- 
most total  elimination  of  'thermal  tails'  in  the  settling 
response.  Several  novel  design  features  that  have 
been  used  to  achieve  this  level  of  performance  are  pre- 
sented. The  comparator  can  be  used  in  a  sampling 
system  for  both  frequency  domain  measurements,  e.g. 
wideband  rms  voltage  measurements,  and  high  accu- 
racy time  domain  pulse  measurements. 
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The  methodology  for  implementing  the  design  of  sili- 
con micromachined  devices  in  a  standard  CMOS 
foundry  process  is  discussed,  and  a  modified  Magic 
technology  file  is  introduced.  The  modified  technology 
file  is  used  to  design  silicon  micromachined  devices 
that  are  fabricated  using  a  standard  CMOS  foundry 
through  the  MOSIS  service.  An  additional  maskless 
etch  in  EDP  is  required  to  realize  the  micromechanical 
structures  once  devices  are  delivered.  The  modified 
technology  file  implements  a  layer  that  we  call  'open' 
that  consists  of  a  combination  of  vias  and  contact  cuts. 
This  open  area  exposes  the  silicon  surface  for  an  an- 
isotropic etch  procedure  that  creates  suspended 
bridges  of  polysilicon  or  metal  encapsulated  in  Si02. 
Results  from  fabricated  chips  are  included. 
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Defects  in  ungated  n-  or  p-type  and  gated  p-type  resis- 
tors have  been  characterized  by  photoinduced  tran- 
sient spectroscopy  (PITS).  These  resistors  were  fab- 
ricated with  p-type  separation  by  implanted  oxygen 
(SIMOX)  wafers  with  a  single-energy  200-keV  oxygen 
implant  to  a  total  fluence  of  1.8  X  10(sup  18)/sq  cm. 
One  wafer,  used  for  gated  resistor  fabrication  was  im- 
planted at  595  C  and  sequentially  annealed  at  1,325 
C  for  4  h  in  argon  (plus  0.5%  oxygen)  followed  by  4 
h  in  nitrogen  (plus  0.5%  oxygen).  Another  wafer,  used 
for  ungated  resistor  fabrication,  was  implanted  at  650 
C  and  annealed  at  1,275  C  for  2  h  in  nitrogen  (plus 
0.5%  oxygen).  Our  results  indicate  that  more  damage 
is  present  in  the  wafer  annealed  at  1 ,275  C  than  in  the 
one  annealed  at  1,325  C.  We  estimate  the  average 
trap  density  at  the  back  interface  to  be  in  the  10(sup 
11)/sq  cm  range. 
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We  have  studied  the  charge  build-up  mechanism  in 
SIMOX  (Separation  by  IMplanted  OXygen)  capacitors 
injected  with  electrons  from  the  gate  or  substrate.  The 
breakdown  voltage  corresponds  to  electric  fields  of 
10(sup  7)V/cm  for  electron  injection  from  the  gate,  or 
7.5X1 0(sup  6)V/cm  for  electron  injection  from  the  sub- 
strate. These  field  values,  comparable  to  breakdown 


fields  in  capacitors  fabricated  with  thermally  grown  ox- 
ides, are  reported  here  for  the  first  time  in  SIMOX  bur- 
ied oxides.  The  breakdown  voltage  asymmetry  in  the 
SIMOX  structure  is  determined  by  differences  in  inter- 
face morphology  at  the  gate  or  substrate.  Injection 
from  the  substrate  yields  higher  current  under  equal 
bias  and  results  in  lower  breakdown  fields. 
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The  measurement  cycle  for  practical  accurate 
photomask  linewidth  measurement  is  analyzed  as  a 
differential  measurement-the  linewidth  to  be  meas- 
ured is  compared  to  a  known  linewidth  on  a  standard 
photomask.  The  linewidth  measuring  instrument  is 
thus  a  comparator.  The  conditions  necessary  for  a 
valid  measurement  are  discussed  with  regard  to  both 
the  instrument  and  the  comparison  process.  The  prin- 
ciples discussed  here  apply  to  many  other  types  of 
measurement  as  well. 
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This  user's  manual  is  a  guide  to  the  FORTRAN  code 
MONSEL-I  which  is  a  Monte  Carlo  simulation  of  the 
transmitted  and  backscattered  electron  signals  in  a 
scanning  electron  microscope  (SEM)  associated  with 
a  line  specimen  with  a  trapezoidal  cross  section.  The 
line  is  deposited  on  a  multi-layer  substrate.  The  pri- 
mary purpose  of  the  code  is  to  determine  the  actual 
linewidth  from  measured  SEM  signals.  However,  it  can 
be  used  for  many  other  purposes  such  as  transmission 
electron  microscopy.  Future  extensions  to  model  sec- 
ondary electron  signals  and  multiple  lines  are  planned. 
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A  Standard  Reference  Material,  SRM-2551,  has  been 
prepared,  measured,  and  certified  for  the  determina- 
tion of  interstitial  oxygen  number  fraction  (commonly 
referred  to  as  the  oxygen  concentration)  in  semi- 
conductor silicon.  This  SRM  is  intended  for  calibration 
of  infrared  spectrophotometers  used  to  measure  the 
1107/cm  interstitial  oxygen  peak  in  silicon.  Its  purpose 
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is  to  enable  its  users  to  improve  their  measurement 
agreement.  The  expanded  SRM  uncertainty  is  0.17% 
for  the  low-oxygen  specimens,  0.13%  for  the  medium- 
oxygen  specimens,  and  0.12%  for  the  high-oxygen 
specimens.  The  certifying  instrument  was  a  Fourier- 
transform  infrared  spectrophotometer  which  measured 
the  oxygen  peak  height.  Specimens  from  an  earlier 
international  Grand  Round  Robin  (GRR)  were  used  to 
convert  these  infrared  values  to  oxygen  number  frac- 
tion (concentration)  values.  A  major  source  of  uncer- 
tainty had  been  measurement  drift;  this  was  largely 
compensated  using  a  control  specimen.  The  remaining 
sources  of  uncertainty  were  instrument  reproducibility, 
nonuniformity  in  oxygen  concentration  and  thickness 
over  the  specimen  area,  and  variation  in  residual  oxy- 
gen in  the  SRM  float-zone  specimens,  each  of  which 
float-zone  specimens  served  as  the  zero-oxygen  ref- 
erence for  a  measurement.  These  sources  were  com- 
bined in  quadrature  to  arrive  at  the  above-quoted  2 
sigma  estimate  of  expanded  SRM  uncertainty. 
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The  motivations  for  using  computers  to  simulate  the 
electrical  characteristics  of  transistors  are  discussed. 
Our  work  and  that  of  others  in  the  area  of  device  phys- 
ics and  modeling  are  described.  We  compare  conven- 
tional device  physics  with  an  alternative  approach  to 
device  physics  that  is  more  directly  traceable  to  quan- 
tum-mechanical concepts.  We  then  apply  this  new  ap- 
proach to  quasi-neutral  regions,  space-charge  regions, 
and  regions  with  high  levels  of  carrier  injection.  Exam- 
ples of  applying  quantum-mechanically-based  device 
physics  to  energy  band  diagrams  for  bipolar  transistors 
are  given.  The  limits  for  using  theoretical  results  from 
uniform  media  in  numerical  simulations  of  devices  with 
large  concentration  gradients  are  discussed.  We  con- 
clude with  a  discussion  of  the  requirements  for  verify- 
ing and  calibrating  device  simulators  for  the 
submicrometer  domain. 


02,328 

PB95-1 431 1 1        PC  A05/MF  A01 
National  Inst,  of  Standards  and  Technology  (MSEL), 
Gaithersburg,  MD.  Polymers  Div. 
Metrology  and  Data  for  Microelectronic  Packaging 
and  Interconnection:  Results  of  a  Joint  Workshop 
on  Materials  Metrology  and  Data  for  Commercial 
Electrical  and  Optical  Packaging  and  Interconnec- 
tion Technologies.  Held  in  Gaithersburg,  Maryland 
on  May  5-6, 1 994.  Volume  1 .  Results. 
M.  A.  Schen.  Nov  94,  90p,  NISTIR-5520. 
See  also  PB94-1 52733.  Sponsored  by  Optoelectronics 
Industry  Development  Association,  Mountain  View, 
CA.  and  Semiconductor  Research  Corp.,  Research 
Triangle  Park,  NC. 

Keywords:  'Circuit  interconnections,  'Electronic  pack- 
aging, 'Optoelectronic  devices,  'Metrology, 
'Microelectronics,  'Meetings,  Printed  circuit  boards,  In- 
tegrated circuits,  Chips(Electronics), 
Reliability(Electronics),  Semiconductor  devices,  Meas- 
urement, Ceramics,  Polymers,  Metals,  'Optical  inter- 
connections, Flat  panel  displays,  US  NIST. 

This  NISTIR  documents  the  results  of  a  joint  Industry 
-  University  -  Government  workshop  on  'Materials  Me- 
trology and  Data  for  Commercial  Electrical  and  Optical 
Packaging  and  Interconnection  Technologies'  con- 
ducted on  May  5-6,  1994  at  the  Hilton  Hotel  in 
Gaithersburg,  MD  and  was  cosponsored  by  the  Na- 
tional Institute  of  Standards  and  Technology,  the  Insti- 
tute for  Interconnecting  and  Packaging  Electronic  Cir- 
cuits, the  Optoelectronics  Industry  Development  Asso- 
ciation, and  the  Semiconductor  Research  Corporation. 
The  workshop  consisted  of  eight  separate  working 
groups.  Four  technology-focused  working  groups  met 
to  address  the  challenges  and  priorities  in  materials 
measurement  and  data  to  support  the  design,  manu- 
facture, and  reliability  assessment  of  critical  electrical 
and  optical  packaging  and  interconnection  materials, 
structures,  and  processes.  Four  performance-focused 


working  groups  also  met  to  address  the  status,  chal- 
lenges, and  gaps  in  metrology  and  data  to  describe  the 
properties  of  materials  utilized  in  the  critical  packaging 
and  interconnection  materials,  structures,  and  proc- 
esses identified  earlier. 
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This  is  the  forty-seventh  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology,  Elec- 
tronics and  Electrical  Engineering  Laboratory  (EEEL). 
This  issue  of  the  EEEL  Technical  Progress  Bulletin 
covers  the  second  quarter  of  calendar  year  1994.  Ab- 
stracts are  provided  by  technical  area  for  both  pub- 
lished papers  and  papers  approved  by  NIST  for  publi- 
cation. Major  subject  headings  include  the  following: 
Fundamental  Electrical  Measurements;  Semiconduc- 
tor Microelectronics;  Signal  Acquisition,  Processing, 
and  Transmission;  Electrical  Systems;  Law-Enforce- 
ment  Standards;  Product  Data  Systems  (includes  net 
information  tools);  Video  Technology. 
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This  volume  2  consists  of  Appendix  C,  which  contains 
presentations  by  representatives  from  Motorola,  GTE 
Laboratories,  Cornell  University,  SRC,  IPC,  ARPA, 
ITRI,  and  the  National  Institute  of  Standards  and  Tech- 
nology (NIST). 
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A  scanning  electron  microscope  (SEM)  can  be  used 
to  measure  the  dimensions  of  the  microlithographic 


features  of  integrated  circuits.  However,  without  a  good 
model  of  the  electron-beam/specimen  interaction,  ac- 
curate edge  location  cannot  be  obtained.  A  Monte 
Carlo  code  has  been  developed  to  model  the  inter- 
action of  an  electron  beam  with  a  line  lithographically 
produced  on  a  multi-layer  substrate.  The  purpose  of 
the  code  is  to  enable  one  to  extract  the  edge  position 
of  a  line  from  SEM  measurements.  It  is  based  on  prior 
codes  developed  at  NIST,  but  with  a  new  formulation 
for  the  atomic  scattering  cross  sections  and  the  inclu- 
sion of  a  method  to  simulate  edge  roughness  or  round- 
ing. The  code  is  currently  able  to  model  the  transmitted 
and  backscattered  electrons,  and  the  results  from  the 
code  have  been  applied  to  the  analysis  of  electron 
transmission  through  a  gold  line  on  a  thin  silicon  sub- 
strate, such  as  used  in  an  X-ray  lithographic  mask.  By 
comparing  the  predictions  of  the  code  with  measured 
data,  it  is  possible  to  obtain  edge  positions  to  the  order 
of  +  or  -  10  nm,  which  is  needed  for  the  advanced  li- 
thography projected  for  the  year  2000.  The  uncertainty 
of  this  measurement  is  limited  by  the  sample  geometry 
and  surface  roughness  and  not  by  the  measurement 
process. 
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The  magnetic-field  dependence  of  the  two-terminal 
magnetoresistance  that  occurs  in  rectangularly  shaped 
samples  can  be  used  to  determine  both  the  free-carrier 
density  and  the  mobility  of  a  semiconductor  layer.  An 
approximate  equation  for  the  magnetoresistance  was 
derived  for  variable  length-to-width  ratio.  This  tech- 
nique was  used  to  determine  the  electron  density  and 
mobility  of  accumulation  layers  in  n-type 
Hg(0.8)Cd(0.2)Te  photoconductive  infrared  detectors 
at  6  and  77  K.  It  should  be  applicable  to  a  wide  variety 
of  fabricated  devices  and  allow  significant  improve- 
ments in  processing  methods  and  quality  control. 
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We  present  Time-Dependent  Dielectric  Breakdown 
(TDDB)  test  results  for  thin  Si02  gate  oxides  at  stress 
temperatures  up  to  400  C.  The  data  were  collected  at 
the  wafer  level  using  a  specially  designed  probe  station 
that  uses  a  water-cooled  probe  card  and  text  fixture. 
It  is  demonstrated  that  these  oxides  exhibit  extrapo- 
lated lifetimes  in  excess  of  6.3  x  10(exp  10)  s  (2000 
years)  at  2.0  MV/cm  for  a  stress  temperature  of  350 
C  under  positive  or  negative  bias.  Our  results  indicate 
that  the  physical  mechanism  of  TDDB  does  not  change 
significantly  up  to  stress  temperatures  of  400  C.  It  is 
necessary  to  obtain  data  over  a  wide  range  of  electric 
fields  and  temperatures  to  distinguish  between  field  ac- 
celeration models  and  to  quantify  the  electric  field  and 
temperature  dependencies  of  the  thermal  activation 
energy  and  the  field  acceleration  factor,  respectively. 
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Using  the  best  available  physical  models  is  essential 
for  predictive  numerical  simulations  of  advanced,  high 
performance  GaAs  transistors.  Among  the  many  input 
parameters  for  numerical  simulations,  the  effective  in- 
trinsic carrier  concentrations,  n(ie)  minority  carrier  mo- 
bilities, mu,  and  recombination  lifetimes,  tau,  are  very 
critical  parameters.  The  results  from  recent  theoretical 
calculations  for  n(ie)  were  implemented  into  a  two-di- 
mensional, drift-diffusion  simulator  for  GaAs  transis- 
tors. In  order  to  compare  predicted  and  measured  d.c. 
common  emitter  gains,  NPN  GaAs  homojunction  bipo- 
lar transistors  with  different  but  heavily  doped  bases 
and  similarly  doped  emitters  that  have  widths  between 
0.1  and  0.45  micrometer  were  fabricated  by  molecular 
beam  epitaxy.  The  predicted  gains  of  8,  25,  46,  72  for 
these  transistors  agreed  very  well  with  their  measured 
gains  of  9,  22,  42  and  70  at  high  current,  respectively. 
Without  using  the  new  theoretical  data  for  n(ie)  but  set- 
ting n(ie)  equal  everywhere  to  the  intrinsic  carrier  con- 
centration, n(i),  the  predicted  gains  became  4,  14,  27 
and  35,  respectively.  Sensitivity  analyses  on  mobilities, 
lifetimes,  and  n(ie)  showed  that  physically  correct  n(ie) 
values  are  quantitatively  very  important  for  predictive 
simulations  of  GaAs  bipolar  transistors. 
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In  this  paper,  chain-folded  crystals  are  investigated  as 
possible  electronic  devices.  Active  devices,  showing 
negative  resistance  in  the  IV  curve,  have  been  dem- 
onstrated experimentally  on  single  crystals  of  poly- 
mers. The  operating  principle  of  these  devices  is  tun- 
neling, which  was  confirmed  by  theory.  The  current 
paper  describes  the  experimental  evidence,  the  theo- 
retical background  with  explicit  calculations  of  the  ex- 
pected current-voltage  profile,  the  model  for  such  de- 
vices, and  points  to  several  possible  device  types  and 
applications. 
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This  test  structure  is  based  on  the  voltage-dividing  po- 
tentiometer principle  and  was  originally  replicated  in  a 
single  lithography  cycle  to  evaluate  feature  placement 
by  a  primary  pattern  generator.  A  new  test  structure 
has  now  been  developed  from  the  single-cycle  version 
and  has  been  used  for  measuring  the  overlay  of  fea- 
tures defined  by  two  different  exposures  with  a  step- 
ping projection  aligner.  The  as-measured  overlay  val- 


ues are  processed  by  an  algorithm  which  minimizes 
the  effects  of  nominal  random  pattern  imperfections. 
The  algorithm  further  partitions  measurements  of  over- 
lay into  contributions  which  derive,  respectively,  from 
misregisteration  of  the  image  fields  projected  by  the 
two  masks  and  from  the  drawn  misplacement  of  fea- 
tures on  the  masks.  The  numerical  estimates  of  these 
contributions  so  obtained  from  the  electrical  measure- 
ments were  compared  with  those  extracted  from  the 
same  features  by  the  NIST  Line  Scale  Interferometer, 
providing  traceability  to  absolute  length  standards.  The 
two  sets  of  measurements  were  found  to  agree  to  with- 
in the  several-nanometer  uncertainty  cited  for  the  line 
scale  interferometer's  readings  alone.  The  motivation 
for  this  work  was  to  compare  the  nanometer-level  dis- 
tortions, produced  by  alternative  chucking  arrange- 
ments, of  proximity  X-ray  masks  having  various  sup- 
port-ring architectures.  However,  the  techniques  may 
also  be  used  to  evaluate  optical  aligner  tools  and  to 
determine  image  placement  quality  on  optical  reticles 
with  traceability  to  the  International  Standard  of  length, 
the  meter. 
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A  recursive  technique  is  developed  and  is  shown  to 
provide  the  surface  temperature  of  the  multilayer 
steady-state  heat  flow  equation.  This  recursive  tech- 
nique can  be  used  with  any  number  of  layers  while  in- 
curring only  a  small  increase  in  computation  time  for 
each  added  layer.  For  the  case  of  complete,  uniform 
top  surface  coverage  by  a  heat  source,  the  technique 
gives  rise  to  the  generalized  one-dimensional  thermal 
resistance  result.  An  example  of  the  use  of  the  new 
recursive  method  is  provided  by  the  preliminary  cal- 
culations of  the  surface  temperature  of  a  buried  oxide 
(SOI,  SIMOX)  structure  containing  several  thicknesses 
of  the  surface  silicon  layers.  This  new  technique  should 
prove  useful  in  the  investigation  and  understanding  of 
the  steady-state  thermal  response  of  modern  multi- 
layer microelectronic  structures. 
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An  investigation  is  being  carried  out  to  determine  the 
ability  of  three  methods  of  linewidth  metrology  to  meas- 
ure the  dimensions  of  features  to  less  than  0.5  microm- 
eter. The  three  methods  are  transmitted-light  optical 
microscopy,  electrical  test  structure,  and  scanning 
electron  microscopy  (SEM).  Electrical,  SEM,  and  re- 
flected-light  microscopy  techniques  are  widely  used  for 
linewidth  metrology  in  VLSI  fabrication.  However,  none 
of  these  widely-used  techniques  currently  permits 
traceability  to  international  standards  of  length.  Trans- 
mitted-light optical  microscopy  allows  traceability;  how- 
ever, this  technique  is  applicable  only  to  transparent 
substrates.  To  permit  the  inclusion  of  transmitted-light 
optical  microscopy  in  this  investigation,  100-nm  thick 
Ti  films  were  patterned  using  normal  VLSI  processing 
techniques  on  a  150-mm  diameter  quartz  wafer.  The 


cross-bridge  resistor  test  structure  was  used  as  this 
structure  has  been  widely  used  in  industry  and  it  allows 
the  results  from  all  three  metrological  techniques  to  be 
compared.  The  design  bridge  widths  of  the  test  struc- 
tures range  from  0.4  micrometer  to  1.0  micrometer. 
The  results  of  these  measurements  show  systematic 
and  uniform  offsets  between  the  different  techniques. 
In  this  paper  we  discuss  the  different  techniques  and 
describe  the  observed  results. 
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The  motivations  for  using  computers  to  simulate  the 
electrical  characteristics  of  transistors  are  discussed. 
Our  work  and  that  of  others  in  the  area  of  device  phys- 
ics and  modeling  are  described.  We  compare  conven- 
tional device  physics  with  an  alternative  approach  to 
device  physics  that  is  more  directly  traceable  to  quan- 
tum-mechanical concepts.  We  then  apply  this  new  ap- 
proach to  quasi-neutral  regions,  space-charge  regions, 
and  regions  with  high  levels  of  carrier  injection.  Exam- 
ples of  applying  quantum-mechanically-based  device 
physics  to  energy  band  diagrams  for  bipolar  transistors 
are  given.  The  limits  for  using  theoretical  results  from 
uniform  media  in  numerical  simulations  of  devices  with 
large  concentration  gradients  are  discussed.  Calcula- 
tions of  the  effective  intrinsic  carrier  concentrations  for 
gallium  arsenide  and  silicon  are  also  given,  along  with 
published  data.  In  addition,  calculations  of  the  mobili- 
ties for  GaAs  that  are  based  in  part  on  quantum-me- 
chanical phase  shifts  are  compared  with  published 
data.  We  then  conclude  with  a  discussion  of  the  re- 
quirements for  verifying  and  calibrating  device  simula- 
tors for  the  submicrometer  domain. 


02.340 

PB95-152997       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Gaithersburg,  MD.  Semiconductor  Electronics  Div. 
Experimental  Study  of  Reverse-Bias  Failure  Mech- 
anisms in  Bipolar  Mode  JFET  (BMFET). 
Final  rept. 

G.  Busafto.  1993,  7p. 

Pub.  in  Proceedings  of  Power  Electronics  Specialists 
Conference,  Seattle,  WA.,  June  20-24,  1993,  p482- 
488. 

Keywords:  "Field  effect  transistors,  "Bipolar  transis- 
tors, *Breakdown(Electronic  threshold),  "Avalanche 
breakdown,  Nondestructive  tests,  Failure(Electronics), 
Integrated  circuits.  Layout,  Reprints,  Power  transistors, 
Second  breakdown,  Reverse  bias. 

A  systematic,  non-destructive,  experimental  study  of 
the  bipolar  mode  FET  (BMFET)  behavior  during  its  fail- 
ure is  presented.  The  variation  of  the  reverse  bias  safe 
operating  area  (RBSOA)  for  an  inductive  load  with  dif- 
ferent bias  conditions  is  described.  It  is  shown  that  the 
device  breakdown  is  strongly  dependent  on  the  re- 
verse current  gain.  On  the  basis  of  the  experimental 
results,  insight  into  the  physics  of  the  failure  mecha- 
nisms is  given,  and  it  is  shown  that  most  of  the  RBSOA 
limitations  appear  to  result  from  device  lay-out  prob- 
lems. 
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The  emerging  field  of  nanoelectronics  demands  inno- 
vative methods  to  fabricate  nanometer-scale  struc- 
tures. Such  structures  will  play  a  critical  role  in  the 
quantum-effect  device  physics  of  future  highly  inte- 
grated circuit  architectures.  An  integrated  approach  to 
compound  semiconductor  nanostructure  fabrication 
based  on  scanning  tunneling  microscope  (STM) 
nanolithography,  molecular-beam  epitaxy,  and  reac- 
tive ion  etching  techniques  is  described.  The  critical 
elements  of  this  approach,  which  have  been  dem- 
onstrated recently,  are  reviewed.  Prospects  for  the 
coevolutionary  development  of  nanoelectronics  and 
STM-based  fabrication  and  characterization  are  con- 
sidered. 
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We  report  on  the  performance  of  multijunction  thermal 
converters  (MJTCs)  fabricated  using  commercial 
CMOS  integrated  circuit  (IC)  foundries  through 
MOSIS.  Calibration  testing  shows  that  the  devices  are 
suitable  for  the  measurement  of  ac  voltage,  current, 
and  power  for  frequencies  above  audio  using  conven- 
tional thermal  transfer  techniques.  These  devices 
show  promise  for  applications  as  low-cost,  high-preci- 
sion RF  and  microwave  power  sensors  with  integrated 
electronics.  The  fabrication  methodology  allows  easy 
integration  with  VLSI  microcircuits  using  standard  de- 
sign libraries  leading  to  low-cost,  foundry-independent 
products. 
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New  multijunction  thermal  converters  fabricated  in  a 
commercial  CMOS  foundry  are  described  and  the  re- 
sults of  measurements  of  their  ac-dc  transfer  charac- 
teristics are  given. 
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The  dynamic  behavior  of  commercially  available  buffer 
layer  IGBTs  is  described.  It  is  shown  that  buffer  layer 
IGBTs  become  much  faster  at  high  voltages  than 
nonbuffer  layer  IGBTs  with  similar  low  voltage  charac- 
teristics. Because  the  fall  times  specified  in  manufac- 


turers' data  sheets  do  not  reflect  the  voltage  depend- 
ence of  switching  speed,  a  new  method  of  selecting 
devices  for  different  circuit  applications  is  suggested. 
A  buffer  layer  IGBT  model  is  developed  and  imple- 
mented into  the  Saber  circuit  simulator,  and  a  proce- 
dure is  developed  to  extract  the  model  parameters  for 
buffer  layer  IGBTs.  It  is  shown  that  the  new  buffer  layer 
IGBT  model  can  be  used  to  describe  the  dynamic  be- 
havior and  power  dissipation  of  buffer  layer  IGBTs  in 
user-defined  application  circuits. 
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A  methodology  is  presented  for  simulating  the  dynamic 
electrothermal  behavior  of  power  electronic  circuits 
and  systems.  In  the  approach  described,  the  simulator 
solves  for  the  temperature  distribution  within  the  semi- 
conductor devices,  packages,  and  heat  sinks  (thermal 
network)  as  well  as  the  currents  and  voltages  within 
the  electrical  network.  The  thermal  network  is  coupled 
to  the  electrical  network  through  the  electrothermal 
models  for  the  semiconductor  devices.  The 
electrothermal  semiconductor  device  models  calculate 
the  electrical  characteristics  based  upon  the  instanta- 
neous value  of  the  device  silicon  chip  surface  tempera- 
ture and  calculate  the  instantaneous  power  dissipated 
as  heat  within  the  device.  The  thermal  network  de- 
scribes the  flow  of  heat  from  the  chip  surface  through 
the  package  and  heat  sink  and  thus  determines  the 
evolution  of  the  chip  surface  temperature  used  by  the 
semiconductor  device  models. 
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A  procedure  is  given  for  developing  thermal  compo- 
nent models  for  electro-thermal  network  simulation.  In 
the  new  electro-thermal  network  simulation  methodol- 
ogy, the  simulator  solves  for  the  temperature  distribu- 
tion within  the  semiconductor  devices,  packages,  and 
heat  sinks  (thermal  network)  as  well  as  the  currents 
and  voltages  within  the  electrical  network.  Examples 
of  electro-thermal  network  simulations  are  given,  and 
the  temperature  measurement  methods  used  to  vali- 
date the  thermal  component  models  are  described. 
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We  present  results  of  a  verification  procedure  useful 
in  evaluating  the  accuracy  of  probe-tip  scattering  pa- 


rameter measurements.  The  procedure  was  applied  to 
calibrations  and  measurements  performed  in  industrial 
laboratories.  Actual  measurement  discrepancies,  due 
primarily  to  calibration  errors,  are  directly  compared  to 
bounds  determined  by  the  comparison  method.  The  re- 
sults demonstrate  the  utility  of  the  verification  tech- 
nique as  well  as  serious  flaws,  particularly  at  high  fre- 
quencies, in  some  conventional  calibrations. 
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The  calibration  of  masks  used  in  X-ray  lithography  has 
been  successfully  accomplished  in  the  scanning  elec- 
tron microscope  (SEM)  by  using  the  transmitted  scan- 
ning electron  detection  technique.  This  has  been  made 
possible  because  these  masks  present  a  measure- 
ment subject  different  from  most  (if  not  all)  other  ob- 
jects used  in  semiconductor  processing  because  the 
support  membrane  is,  by  design,  X-ray  transparent. 
This  characteristic  can  be  used  as  an  advantage  in 
electron  beam-based  mask  metrology  because,  de- 
pending upon  the  incident  electron  beam  energies, 
substrate  composition  and  substrate  thickness,  the 
membrane  can  also  be  essentially  electron  trans- 
parent. The  areas  of  the  mask  where  the  absorber 
structures  are  located  are  essentially  X-ray  opaque  as 
well  as  electron  opaque.  Viewing  the  sample  from  a 
perspective  below  an  X-ray  mask  (by  placing  the  de- 
tector beneath  the  mask)  provides  excellent  electron 
signal  contrast  between  the  absorber  structure  and  the 
base  membrane.  Thus,  the  mask  can  be  viewed  in  the 
transmitted  electron  detection  mode  of  the  SEM  and 
precise,  potentially  accurate  dimensional  measure- 
ments can  be  made.  Monte  Carlo  modeling  of  the 
transmitted  electron  signal  was  used  to  support  this 
work  in  order  to  determine  the  optimum  electron  detec- 
tor position  and  characteristics.  This  work  represents 
the  potential  for  the  first  accurate  linewidth  measure- 
ment standard  measured  at  NIST  in  the  SEM  as  well 
as  the  potential  for  linewidth  standards  for  the  X-ray 
lithography  community. 
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This  paper  discusses  three  new  measurement  tech- 
niques and  the  experimental  results  for  precision  four- 
parameter  amplifier  noise  measurements.  Two  dif- 
ferent measurement  systems  were  used  with  two  dif- 
ferent types  of  low-noise,  X-band  amplifiers.  The  cur- 
rent measurement  accuracy  is  about  +  or  -  0.2  dB. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  has  a  program  to  develop  an  amplifier  noise 
calibration  service.  Extensive  measurements  of  the 
noise  for  different  types  of  low-noise,  X-band  (8-12 
GHz)  amplifiers  were  made.  This  paper  concentrates 
on  the  accuracy  of  measuring  generalized  noise  figure 
for  various  techniques  using  the  NIST  8  - 1 2  GHz  noise 
calibration  radiometer  and  a  commercial  automatic 
network  analyzer. 
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This  paper  investigates  the  effects  of  variations  in 
sheet  resistance,  geometry,  distance  from  the  probe 
tip,  and  fabrication  processes  on  the  impedance  of 
planar  nickel-chromium  resistors.  Resistor  reactance  is 
a  strong  function  of  film  resistance,  but  depends  only 
weakly  on  geometry  and  distance  from  the  probe  tip. 
Photoresist  contamination  in  the  resistive  film  induces 
more  complicated  impedance  behavior,  even  at  low 
frequencies.  The  impact  on  circuit  design  and  time- 
and  frequency-domain  calibrations  is  considered  in 
light  of  these  results. 
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This  paper  investigates  the  accuracy  of  on-wafer  scat- 
tering-parameter calibrations  at  the  probe  tips.  Data 
show  the  extent  to  which  certain  probe-tip  calibrations 
are  consistent  with  one  another  and  applicable  to  the 
characterization  of  devices  or  circuits  fabricated  on  dif- 
ferent wafers  or  embedded  in  different  transmission- 
line  media.  Calibrations  to  the  probe  tips  are  especially 
well  suited  to  lower-frequency  microwave  measure- 
ments. Further  results  demonstrate  conditions  under 
which  probe-tip  calibrations  fail. 
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The  line-reflect-match  calibration  is  extended,  without 
significant  loss  of  measurement  accuracy,  to  accom- 
modate imperfect  match  standards  and  lossy  lines  typi- 
cal of  monolithic  microwave  integrated  circuits.  We 
characterize  the  match  and  line  standards  using  an  ad- 
ditional line  standard  of  moderate  length.  The  new 
method  provides  a  practical  means  of  obtaining  accu- 
rate, wideband  calibrations  with  compact  standard 
sets. 
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Measurements  at  14  T  and  340  mK  of  the  quantized 
Hall  resistance  of  the  i  =  4  plateau  of  a  Si  metal-oxide- 
semiconductor  field-effect  transistor  (Si-MOSFET) 
made  with  a  precision  of  0.005  ppm  and  an  accuracy 
of  0.015  ppm  revealed  unexpected  irregularities. 
Smooth  variations  of  +  or  -  0.04  ppm  were  observed 
across  the  plateau  even  though  the  Si-MOSFET  had 
a  mobility  of  1.2  m(squared)A/  s  and  a  diagonal  resis- 
tivity less  than  0.002  ppm  of  the  plateau  resistivity.  Fur- 
thermore, measurements  over  a  period  of  several 
months  indicated  that  the  plateau  shape  is  metastable. 
A  variety  of  possible  causes  for  these  phenomena  are 
discussed,  but  none  provides  a  satisfactory  expla- 
nation. 
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The  modified  voltage-dividing  potentiometer  has  pre- 
viously been  demonstrated  to  have  a  resolution  of 
under  10  nm  when  applied  to  short-loop,  single-level 
processes.  This  test  structure  has  recently  been  ap- 
plied to  several  full  cycle  processes,  which  we  are  re- 
porting here  for  the  first  time.  In  this  paper  we  describe 
the  successful  demonstration  of  test  vehicle  implemen- 
tations and  test  results  obtained  from  applying  the  new 
design  to  a  GaAs  Microwave/Millimeter  Wave  Mono- 
lithic Integrated  Circuits  (MIMIC)  process  and  a  CMOS/ 
Bulk  process.  The  demonstrated  success  in  these  sub- 
stantially different  processes  indicates  that  these  re- 
sults should  apply  to  a  wide  range  of  semiconductor 
fabrication  environments. 
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The  effect  of  annealing  ambient  on  the  precipitate  re- 
moval processes  in  high-dose  oxygen  implanted  sili- 
con (separation  by  implantation  of  oxygen  (SIMOX)) 
has  been  studied  with  transmission  electron  micros- 
copy, electron  energy-loss  spectroscopy,  and  second- 
ary ion  mass  spectroscopy.  The  rate  of  removal  of 
oxide  precipitates  from  the  top  silicon  layer  in  SIMOX 
is  higher  during  annealing  in  argon  than  in  nitrogen. 


The  removal  is  reduced  in  nitrogen  due  to  the  forma- 
tion of  an  oxynitride  complex  at  the  precipitate  surfaces 
which  inhibits  oxygen  diffusion  across  the  interfaces. 
Similar  effects  have  been  observed  for  oxide  precipita- 
tion during  nitrogen  ambient  annealing  in  bum  silicon. 
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The  formation  of  mismatch  dislocations  in  layered 
semiconductor  structures  was  found  recently  in  high 
resolution  monochromatic  synchrotron  x-radiation  dif- 
fraction images  to  be  correlated  with  characteristics  of 
the  substrate  as  well  as  with  the  layer  thickness  and 
degree  of  lattice  mismatch  of  nonpseudomorphic  lay- 
ers. We  have  now  extended  these  studies  to  examine 
the  accommodation  to  strain  as  a  function  of  lattice 
mismatch  in  a  series  of  high  electron  mobility  transistor 
(HEMT)  structures  grown  by  molecular  beam  epitaxy 
(MBE)  on  indium  phosphide  substrates.  Five  distinct 
types  of  irregularity  are  observed:  (1)  lattice  warping, 
(2)  the  formation  of  a  nonpseudomorphic  layer,  (3)  the 
formation  of  extended  arrays  of  linear  mismatch  dis- 
locations at  the  interface  between  the  substrates  and 
nonpseudomorphic  layer,  (4)  the  formation  of  oval  re- 
gions of  tweed-like  local  lattice  variation  imbedded 
among  these  arrays,  (5)  extended  tweed-like  local  lat- 
tice variation  over  large  peripheral  areas  in  which  the 
formation  of  straight  mismatch  dislocation  arrays  is  not 
observed. 
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The  six  techniques  described  in  the  paper 
(ellipsometry,  infrared  spectroscopy,  microscopy,  mod- 
ulation spectroscopy,  photoluminesence,  and  Raman 
scattering)  were  chosen  because  they  are  currently  or 
potentially  widely  used  in  the  industry;  they  measure 
a  broad  array  of  semiconductor  parameters;  and  they 
operate  in  different  regions  of  the  electromagnetic 
spectrum.  The  discussion  of  each  technique  indicates 
the  basic  semiconductor  quantities  measured,  gives 
the  scientific  basis  of  the  technique,  and  indicates  how 
the  measurement  is  made. 
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During  the  manufacturing  of  present-day  integrated  cir- 
cuits, certain  measurements  must  be  made  of  the 
submicrometer  structures  composing  the  device  with 
a  high  degree  of  repeatability.  Optical  microscopy, 
scanning  electron  miscroscopy,  and  the  various  forms 
of  scanning  probe  microscopies  are  major  microscopi- 
cal techniques  used  for  this  submicrometer  metrology. 
New  techniques  applied  to  scanning  electron  micros- 
copy have  improved  some  of  the  limitations  of  this 
technique  and  time  will  permit  even  further  improve- 
ments. The  paper  reviews  the  current  state  of  scanning 
electron  microscope  (SEM)  metrology  in  light  of  many 
of  these  recent  improvements. 


02,360 

PB95-170395       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Gaithersburg,  MD.  Semiconductor  Electronics  Div. 

Electronics  and  Electrical  Engineering  Laboratory 

Technical  Progress  Bulletin  Covering  Laboratory 

Programs,  July  to  September  1994  with  1994/1995 

EEEL  Events  Calendar. 

J.  M.  Ftohrbaugh.  Nov  94,  37p,  NISTIR-5529. 

See  also  PB95-143186. 

Keywords:  'Electrical  measurement, 

"Superconducting  devices,  "Microelectronics, 
•Metrology,  'Bibliographies,  High  temperature 
superconductors,  Electromagnetic  interference,  Di- 
mensional measurement,  YBCO  superconductors,  Jo- 
sephson  junctions,  Integrated  circuits,  Microwave 
equipment,  Integrated  optics,  Video  equipment, 
Mangetic  materials,  Optical  fibers,  Photodetectors, 
Semiconductors,  Antennas,  Abstracts, 

SOI(Semiconductors),  SIMOX. 

This  is  the  forty-eighth  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology,  Elec- 
tronics and  Electrical  Engineering  Laboratory.  This 
issue  of  the  EEEL  Technical  Progress  Bulletin  covers 
the  third  quarter  of  calendar  year  1994.  Abstracts  are 
provided  by  technical  area  for  both  published  papers 
and  papers  approved  by  NIST  for  publication.  Major 
subject  headings  include  the  following:  Fundemental 
Electrical  Measurements;  Semiconductor  Microelec- 
tronics; Signal  Acquisition,  Processing,  and  Trans- 
mission; Electrical  Systems;  Electromagnetic  Inter- 
ference; Product  Data  Systems;  Video  Technology. 
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A  brief  description  of  some  recent  developments  that 
affect  the  application  of  power  semiconductor  devices 
is  given.  Developments  in  'chips',  packages,  simula- 
tion, and  new  materials  are  included. 
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We  present  direct  evidence  for  the  creation  of  deep 
electron  traps  in  Separation  by  IMplantation  of  OXygen 
buried  oxides.  In  addition,  we  present  combined  elec- 


trical and  electron  spin  resonance  evidence  which 
demonstrate  that  at  least  some  positively  charged 
paramagnetic  E'  centers  are  compensated  by  nega- 
tively charged  centers.  Finally,  we  present  evidence 
which  strongly  suggests  that  a  substantial  fraction  of 
the  deep  electron  traps  are  coupled  to  E'  centers. 
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A  new  electrical  test  structure  for  overlay  measurement 
has  been  evaluated  by  replicating  arrays  of  its  com- 
plementary components  from  two  different 
photomasks  into  a  conducting  film  on  a  quartz  sub- 
strate. The  features  resulting  from  images  projected 
from  the  first  mask  were  used  as  a  reference  grid  which 
was  calibrated  by  the  NIST  line-scale  interferometer. 
A  first  subset  of  the  relative  placements  of  the  images 
projected  from  the  second  mask,  which  were  derived 
from  the  electrical  overlay  measurements  and  the  ref- 
erence grid,  agreed  to  within  13  nm  with  corresponding 
measurements  made  directly  by  the  line-scale  inter- 
ferometer over  distances  up  to  13.5  mm.  A  second 
comparison  made  at  another  substrate  location  indi- 
cated that  gradients  of  projected  feature  linewidths 
across  the  exposure  site  may  need  to  be  measured, 
and  corrected  for,  in  the  electrical  extraction  of  overlay. 
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Defect  microstructure  and  the  near-surface  strain  of 
high-dose  oxygen  implanted  silicon-on-insulator  mate- 
rial (SIMOX)  were  investigated  as  a  function  of  dose, 
implant  temperature,  and  annealing  temperature  by 
transmission  electron  microscopy  and  high  resolution 
x-ray  diffraction.  Dislocation  half  loops  (DHLs)  begin  to 
form  by  stress  assisted  climb  at  a  critical  stress  level 
due  to  implantation-induced  damage.  DHLs  evolve  into 
through-thickness  defect  (TTD)  pairs  by  expansion 
during  annealing.  Both  DHL  and  TTD-pair  density  in- 
crease with  higher  implant  dose  and  lower  implant  tem- 
perature. Possible  methods  for  defect  density  reduc- 
tion are  suggested  based  on  the  results  of  this  study. 
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This  paper  introduces  a  new  method  for  measuring  im- 
pedance parameters  in  transmission  lines  fabricated 


on  lossy  or  dispersive  dielectrics.  The  method,  which 
uses  an  independent  calibration  to  provide  an  imped- 
ance reference,  compares  well  with  conventional  tech- 
niques when  applied  to  lossless  substrates.  The  effec- 
tiveness of  the  technique  is  illustrated  for  resistors  fab- 
ricated on  lossy  silicon  substrates. 
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Mechanical  and  electrical  properties  were  correlated  in 
LPCVD  SiN(x)-Si  structures  through  the  characteriza- 
tion of  six  wafers  patterned  with  MNS  capacitors 
whose  insulator  films  were  deposited  rich  in  Si  under 
various  processing  conditions.  The  samples  were 
measured  for  mechanical  stress  at  the  Si-SiN(x)  inter- 
face with  X-ray  diffraction.  The  deposited  SiN(x)  films 
were  measured  for  stoichiometry  by  Rutherford 
backscattering  spectroscopy.  Low-temperature  C-V 
measurements  were  used  for  the  first  time  to  estimate 
Si-SiN(x)  interface  trap  densities  in  the  capacitors.  The 
interface  trap  densities  were  confirmed  with  the  aid  of 
a  model  based  on  a  numerical  analysis  of  the  capacitor 
small-single  response.  The  measurement  results  indi- 
cate that  an  increase  in  the  Si/N  ratio  in  the  insulating 
films  was  accompanied  by  a  decrease  in  the  film  ten- 
sile stress.  Those  SiN(x)  films  made  sufficiently  rich  in 
Si  were  successfully  deposited  under  compressive 
stress.  Furthermore,  a  decrease  in  the  magnitude  of 
the  stress  was  accompanied  by  a  decrease  in  interface 
trap  densities,  suggesting  that  interfacial  mechanical 
stress  may  be  influential  in  the  formation  of  Si-SiN(x) 
interface  traps.  Interface  trap  densities  were  lowest  in 
those  structures  whose  insulating  films  were  deposited 
under  compression. 
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This  paper  presents  a  critical  review  of  electrical  test 
methods  for  determining  feature  placement  with  total 
measurement  uncertainties  below  10  nm  and  electrical 
linewidth  for  sub-half  micrometer  design  linewidths 
with  measurement  precision  below  1  nm.  Microelec- 
tronic test  structures  are  electrical  devices  that  are 
used  to  determine  selected  tool,  process,  device,  ma- 
terial, or  circuit  parameters  by  means  of  electrical  tests. 
They  are  supported  by  a  variety  of  commercial  test 
equipment  often  found  in  semiconductor  manufactur- 
ing facilities.  They  provide  low-cost,  post-patterning 
metrology  for  determining  both  feature  placement  and 
electrical  linewidth.  Properly  characterized  test  struc- 
tures and  measurement  methods  provide  an  economic 
means  of  determining  the  critical  parameters  needed 
to  develop,  control,  and  operate  the  next  generation 
of  patterning  tools. 
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The  measurement  of  critical  dimensions  of  features  on 
integrated  circuits  and  photomasks  is  modeled  as  the 
comparison  of  the  images  of  the  test  object  and  of  a 
standard  object  in  a  measuring  device.  A  length  meas- 
uring instrument  is  then  a  comparator.  The  calibration 
of  the  standard  and  the  conditions  necessary  for  a  valid 
comparison  are  discussed.  The  principles  discussed 
here  apply  to  many  other  types  of  measurement  as 
well. 
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The  permittivity  and  dielectric  loss  tangent  of  single- 
crystal  quartz,  cross-linked  polystyrene  (Rexolite),  and 
polytetrafluoroethylene  (Teflon)  were  measured  at 
microwave  frequencies  and  at  temperatures  of  77  K 
and  300  K  using  a  dielectric  resonator  technique.  Ap- 
plication of  high-temperature  superconducting  (HTS) 
films  at  the  endplates  of  the  dielectric  resonator  made 
it  possible  to  determine  dielectric  loss  tangents  of 
about  7  X  10(exp  -6)  at  77  K.  Two  permittivity  tensor 
components  for  uniaxially  anisotropic  crystalline  quartz 
were  measured.  Although  the  permittivities  at  77  K 
changed  very  little  from  their  room  temperature  values 
at  300  K,  large  changes  in  dielectric  losses  were  ob- 
served. The  decreased  loss  characteristics  of  these 
microelectronic  substrates  can  markedly  improve  the 
performance  of  many  microwave  devices  at  cryogenic 
temperatures. 
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The  electrical  thickness  of  an  aluminum-alloy 
metallization  can  be  determined  from  resistance  meas- 
urements of  a  van  der  Pauw  cross  structure  at  two  tem- 
peratures, with  corrections  for  the  deviation  from 
Matthiessen's  rule  and  for  thermal  expansion.  Thick- 
ness determinations,  made  in  this  way,  agree  with 
those  made  with  a  calibrated  scanning  electron  micro- 
scope (SEM)  to  within  the  uncertainty  of  the  instru- 
ment. The  electrical  cross-sectional  area  of  metal  lines 
can  be  determined  by  making  resistance  measure- 
ments at  two  temperatures. 
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Described  are  the  results  of  an  interlaboratory  experi- 
ment involving  wafer-level  measurements  intended  to 
do  the  following:  (1)  to  determine  the  precision  and 
bias  of  both  the  JEDEC  Standard  Test  Method 
(JESD33)  for  determining  the  temperature  coefficient 
of  resistance  (TCR)  and  joule  heating  of  a  metal  line 
and  the  ASTM  standard  (F1261)  for  measuring  the 
electrical  width  of  a  metal  line;  (2)  to  assess  the  repro- 
ducibility of  measuring  the  temperature  drop  across  the 
interface  between  the  silicon  substrate  and  the  hot 
chuck;  and  (3)  to  obtain  a  temperature  calibration  of 
the  hot  chucks  used  by  the  participating  laboratories. 
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This  is  the  forty-ninth  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology,  Elec- 
tronics and  Electrical  Engineering  Laboratory.  This 
issue  of  the  EEEL  Technical  Progress  Bulletin  covers 
the  fourth  quarter  of  calendar  year  1 994.  Abstracts  are 
provided  by  technical  area  for  both  published  papers 
and  papers  approved  by  NIST  for  publication. 
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This  is  the  forty-fourth  issue  of  a  quarterly  publication 
providing  information  on  the  technical  work  of  the  Na- 
tional Institute  of  Standards  and  Technology,  Elec- 
tronics and  Electrical  Engineering  Laboratory.  This 
issue  of  the  EEEL  Technical  Publication  Announce- 
ment covers  the  first  quarter  of  calendar  year  1 995.  Ab- 
stracts are  provided  by  technical  areas  for  papers  pub- 
lished. Major  subject  headings  include  the  following: 
Fundamental  Electrical  Measurements;  Semiconduc- 
tor Microelectronics;  Signal  Acquisition,  Processing, 
and  Transmission;  Electrical  Systems;  Electro- 
magnetic Interference;  Law  Enforcement  Standards; 
Video  Technology. 
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This  report  presents  and  discusses  a  number  of  recent 
developments  in  the  steady-state  thermal  analysis  of 
multiple-layer  structures.  These  include:  (1)  analytical 
evaluation  of  line  and  area  average  temperatures,  and 
(2)  a  recursion  relation  technique  for  calculating  the 
steady-state  surface  temperature  of  a  multilayer  struc- 
ture with  an  arbitrary  number  of  layers.  The  application 
of  the  analytic  averaging  to  the  TXYZ  code  is  incor- 
porated in  the  updated  code,  TXYZ30,  while  the  multi- 
layer recursion  relation  solution  along  with  analytic 
averaging  are  included  in  the  Thermal  Multilayer  code, 
TML.  Both  of  these  are  contained  in  the  HOTPAC  soft- 
ware package.  The  first  part  of  this  report  contains  a 
discussion  of  the  general  elements  of  the  multiple-layer 
thermal  model.  This  is  presented  in  some  detail  for  the 
case  of  the  Kokkas  three-layer  problem  and  the  associ- 
ated TXYZ  code.  The  previous  update  of  the  code, 
TXYZ20,  is  also  discussed. 
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We  estimate  the  maximum  values  of  the  electric  field 
across  the  width  of  a  GaAs/AIGaAs  heterostructure 
quantum  Hall  effect  sample  at  several  currents  when 
the  sample  is  in  the  breakdown  regime.  This  estimate 
is  accomplished  by  measuring  the  quantized  longitu- 
dinal voltage  drops  along  a  length  of  the  sample  and 
then  employing  a  quasi-elastic  inter-Landau  level  scat- 
tering (QUILLS)  model  to  calculate  the  electric  field. 
We  also  present  a  pictorial  description  of  how  QUILLS 
transitions  occuring  between  states  distributed  across 
the  sample  width  can  be  detected  as  voltage  signals 
along  the  sample  length. 
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A  recursion  relation  technique  has  been  used  in  the 
past  to  determine  the  surface  potential  from  the  multi- 
layer electrical  Laplace  equation.  This  has  provided  for 
a  vastly  simplified  evaluation  of  the  electrical  spreading 
resistance  and  four-probe  resistance.  The  isomor- 
phism of  the  multilayer  Laplace  equation  and  the  multi- 
layer steady-state  heat  flow  equation  suggests  the 
possibility  of  developing  a  recursion  relation  applicable 
to  the  multilayer  thermal  problem.  This  recursive  tech- 
nique is  developed  and  is  shown  to  provide  the  surface 
temperature  of  the  multilayer  steady-state  heat  flow 
equation. 
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The  methodology  for  the  design  and  fabrication  of  a 
class  of  thermo-electro-mechanical  devices  and  sys- 
tems that  can  be  fabricated  in  a  commercial  CMOS 
foundry  environment  is  presented.  The  fabrication 
technique  allows  the  monolithic  integration  of  the 
micromechanical  devices  with  CMOS  VLSI  circuits 
using  standard  design  methods.  Microheating  ele- 
ments and  thermoelectric  sensors  are  presented  as 
examples  of  the  application  of  this  technique. 
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A  new  method  for  determining  the  carrier  densities  and 
mobilities  in  a  thin  semiconducting  layer  was  recently 
described.  It  is  based  on  fitting  the  transverse 
magnetoresistance  of  the  layers  as  a  function  of  mag- 
netic field,  and  it  requires  only  two  contacts.  To  im- 
prove the  accuracy  and  generalize  the  procedure  to 
multicarrier  systems,  a  computer  code  was  written  to 
solve  for  the  magnetoresistance  as  a  function  of  mag- 
netic field  and  the  length-to-width  ratio  of  a  rectangular 
sample.  A  nonlinear-least-squares  fit  was  made  to  the 
results  of  the  computer  model  for  a  single-carrier  sys- 
tem. The  results  for  multicarrier  systems  are  dis- 
cussed. This  method  is  especially  useful  as  a  monitor 
for  improving  the  quality  control  of  the  electrical  char- 
acteristics of  thin  conducting  layers  in  finished  devices. 
The  code  is  also  useful  for  interpreting  standard  four- 
terminal  measurements  as  well. 
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This  is  a  guide  to  the  FORTRAN  code  MONSEL-II, 
which  is  a  Monte  Carlo  simulation  of  the  transmitted, 
backscattered,  and  secondary  electron  signals  in  a 
scanning  electron  microscopy  (SEM)  associated  with 
lines  with  a  trapezoidal  cross  section.  The  lines  are  de- 
posited on  a  multilayer  substrate.  The  primary  purpose 
of  the  code  is  to  interpret  the  actual  linewidths  from 
measured  SEM  signals.  However,  it  can  be  used  for 
many  other  purposes  such  as  corresponding  image 
analysis  in  transmission  electron  microscopy. 
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The  correlation  between  the  structural  and  transport 
properties  for  a  series  of  high-quality  modulation- 
doped  field-effect  transistor  (MODFET)  structures  was 
made  for  various  growth  temperatures.  X-ray  reflectiv- 
ity, x-ray  diffraction,  and  magnetotransport  measures 
were  used  to  assess  structural  quality  and  transport 
parameters.  Four  samples  with  growth  temperatures  in 
the  range  500-630  degrees  C  were  examined.  The  re- 
sults show  a  correlation  exists  between  the  measured 
electron  mobility  and  the  quality  of  the  interface  width, 
as  measured  from  satellite  peaks  of  the  buffer  layer. 
In  addition,  these  results  show,  for  the  first  time  to  the 
best  of  our  knowledge,  that  a  direct  correlation  can  be 
made  between  x-ray  reflectivity  structural  measure- 
ments and  measured  electron  mobility  of  high-quality 
gallium-arsenide-based  MODFETs.  Both  x-ray  and 
transport  results  suggest  a  higher-quality  structure  was 
obtained  at  higher  growth  temperatures. 
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TDDB  Characterization  of  Thin  Si02  Films  with  Bi- 

modal  Failure  Populations. 
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J.  Prendergast,  J.  S.  Suehle,  P.  Chaparala,  E. 
Murphy,  and  M.  Stephenson.  1995,  7p. 
Pub.  in  Proceedings  of  the  International  Reliability 
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Keywords:  'Silicon  dioxide,  'Dielectric  breakdown,  Re- 
prints, Time  dependence,  Reliability(Electronics),  Di- 
electric films,  Field  acceleration  models. 

For  many  years  Time  Dependent  Dielectric  Breakdown 
(TDDB)  has  been  the  subject  of  much  controversy. 
Two  different  field  dependencies  have  been  observed 
and  several  acceleration  models  have  been  sug- 
gested. Of  the  two  most  popular  models  one  predicts 
that  the  log  t50%  is  proportional  to  the  electric  field  (E) 
(1  -  3)  while  the  other  predicts  that  it  is  proportional 
to  the  reciprocal  of  the  electrical  field  (1/E)  (4-6).  This 
paper  will  help  to  explain  the  discrepancies  in  the  elec- 
tric field  dependence  observed  and  demonstrate  dis- 
tinct differences  in  the  TDDB  behavior  between  extrin- 
sic dielectric  breakdown. 
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Fully  depleted,  thin  film  silicon-on-insulator  SIMOX  de- 
vices are  attractive  for  their  short  channel  characteris- 
tics and  high  speed  compared  with  bulk  silicon.  Their 
potential  for  applications  in  low  power  devices  and  cir- 
cuitry places  extreme  demands  upon  the  starting 
SIMOX  substrate  material.  Threshold  voltage  control 
for  fully  depleted  SOI  devices  has  been  recognized  as 
a  key  issue  for  realization  of  fully  depleted  SOI  tech- 
nology. To  that  end,  examination  of  the  interface 
roughness  between  the  device  silicon  layer  and  the 
buried  oxide  of  the  SOI  structure  is  an  active  area  of 
materials  research  and  development.  In  this  work,  we 
have  used  atomic  force  microscopy  (AFM)  to  measure 
the  interface  roughness  of  SIMOX  SOI  substrates  as 
a  function  of  anneal  parameters.  This  study  has  shown 
that  the  silicon/buried  oxide  interface  roughness  is  a 
strong  function  of  the  post  implant  annealing  tempera- 
ture. 
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New  Model  of  1/F  Noise  in  Baw  Quartz  Resonators. 
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Reprints,  Models,  Bulk  acoustic  wave  devices,  1/f 
noise,  Electronic  noise,  Quantum  1/f  effect. 

The  paper  presents  a  new  model  for  predicting  the  1/ 
f  (flicker)  frequency  noise  in  quartz  resonators  as  a 
function  of  the  unloaded  resonator  quality  factor  Q  and 
volume  under  the  electrodes  for  bulk  acoustic  wave 
(BAW)  resonators.  The  functional  form  of  this  model 
originates  from  a  quantum  1/f  theory  for  scattering  of 
phonons  from  the  primary  oscillator  mode.  Using  this 
new  model,  we  are  able  to  match  the  1/f  frequency 
noise  observed  in  the  best  quartz  controlled  oscillators 
and  resonators.  Quite  unexpectedly,  this  model  indi- 
cates that  the  amplitude  of  1/f  frequency  noise  might 
be  improved  by  making  resonators  with  smaller  elec- 
trodes. BVA  resonators  show  approximately  a  factor 
of  3  improvements  in  1/f  frequency  noise  (Sy(f))  over 
electroded  resonators  with  the  same  unloaded  Q-fac- 
tor  and  electrode  volume. 
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This  paper  describes  the  use  of  cavity  resonators,  co- 
axial probes,  capacitive  measurements  and  dielectric 
resonators  for  characterizing  the  electromagnetic  prop- 
erties of  substrates  and  thin  films. 
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Keywords:  "Surges,  "Electronic  equipment,  "Circuit 
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ings, Telephones,  Cable  television,  Communication 
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prints. 

Electronic  equipment  with  two  input  ports-power  and 
communications-can  be  exposed  to  damaging  dif- 
ferences of  voltage  across  the  two  ports  during  surge 
events.  Two  exposure  scenarios  of  producing  such  dif- 
ferences of  voltages  are  explained  and  illustrated  by 
measurements  performed  in  a  replica  of  a  residential 
or  light  commercial  installation  of  power,  telephone, 
and  cable  TV  wiring.  Several  mitigation  methods  are 
described,  and  one  possible  retrofit  solution  is  shown. 
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Keywords:  'Microelectronics,  'Gases,  'Standards, 
'Cells,  Plasma  etching,  Radio  frequencies,  Reactors, 
Research  and  development,  Diagnostic  techniques, 
'Gaseous  electronics,  Reference  cell,  NIST(National 
Institute  of  Standards  and  Technology). 

This  paper  provides  an  introduction  to  the  Gaseous 
Electronics  Conference  (GEC)  RF  Reference  Cell,  and 
to  the  articles  published  in  this  Special  Issue  of  the 
Journal  of  Research  of  the  National  Institute  of  Stand- 
ards and  Technology.  A  brief  summary  of  the  history 
and  purpose  of  the  Reference  Cell  concept  is  pre- 
sented, and  recent  changes  to  the  GEC  Cell  design 
are  documented.  The  paper  concludes  with  highlights 
of  research  performed  on  GEC  Cells,  and  with  an  ap- 
pendix of  all  known  publications  that  present  research 
performed  on  GEC  Cells. 
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Measurements  of  the  electrical  characteristics  of  dis- 
charges in  the  Gaseous  Electronics  Conference 
Radio-Frequency  Reference  Cell  are  reviewed  here. 
Topics  include:  common  sources  of  error  in  the  meas- 
urements; comparisons  of  current  and  voltage  data 
among  GEC  cells;  the  effects  of  gas  impurities,  surface 
conditions  and  the  external  circuitry  on  the  reproduc- 
ibility of  the  electrical  characteristics;  and  comparisons 
of  current  and  voltage  data  with  results  of  other  meas- 
urements. 
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A  summary  of  the  experimental  observations  of  the  op- 
tical emission  from  the  Gaseous  Electronics  Con- 
ference (GEC)  rf  Reference  Cell  plasma  will  be  dis- 
cussed. Spatially  and  temporally  resolved  results  are 
provided  for  various  reference  and  nonreference  con- 
ditions, including  etching  type  plasmas.  These  meas- 
urements provide  a  detailed  description  of  the  temporal 
evolution  of  optical  emission  from  different  excited 
atomic  states  within  different  atomic  and  ionic  species, 
as  well  as  their  radial  and  axial  distributions.  Some  of 


the  measurements  have  been  placed  on  a  absolute  ra- 
diometric scale  to  provide  comparisons  to  model  cal- 
culations. 
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A  number  of  laser-induced  fluorescence  and  absorp- 
tion spectroscopy  studies  have  been  conducted  using 
Gaseous  Electronics  Conference  Reference  Cells. 
Laser-induced  fluorescence  has  been  used  to  meas- 
ure hydrogen  atom  densities,  to  measure  argon  meta- 
stable spatial  profiles,  to  determine  the  sheath  electric 
field,  and  to  infer  the  electron  density  and  temperature. 
Absorption  spectroscopy,  using  lamp  sources  and 
diode  lasers,  has  been  used  to  measure  metastable 
atom  densities  in  helium  and  argon  discharges  and  flu- 
orocarbon  densities  in  silicon  etching  discharges.  The 
experimental  techniques  and  sample  results  of  these 
investigations  are  reviewed. 
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A  review  is  presented  of  kinetic-energy  distribution 
measurements  for  ions  striking  grounded  surfaces  in 
a  gaseous  Electronics  Conference  (GEC)  rf  Reference 
Cell.  Two  experimental  arrangements  that  have  been 
used  to  measure  ion  energies  in  the  GEC  Cell  are  de- 
scribed, and  a  comparison  of  their  performance  under 
different  operating  conditions  is  presented.  Significant 
results  from  ion-energy  analysis  in  the  Reference  Cell 
are  highlighted,  including  evidence  of  effects  due  to 
surface  conditions  on  ion  sampling,  verification  of  elec- 
trical behavior  of  the  cell,  inferences  about  ion-mol- 
ecule reactions  indicated  by  the  shapes  of  measured 
ion  kinetic-energy  distributions  (lEDs),  and  the  use  of 
measured  lEDs  for  the  validation  of  theoretical  models. 
The  paper  concludes  with  a  detailed  study  of  lEDs 
measured  for  rf  plasmas  generated  in  mixtures  of 
argon  and  oxygen,  using  both  experimental  arrange- 
ments. 
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Three  groups  have  published  electron  density  data 
taken  in  the  Gaseous  Electronics  Conference  (GEC) 
reference  reactor  using  microwave  interferometry.  The 
agreement  in  the  data  from  these  groups  at  higher 
pressures  is  excellent  especially  when  one  considers 
that  the  GEC  reactors  involved  have  some  key  dif- 
ferences. The  electron  densities  compare  favorably  in 
argon,  helium,  and  nitrogen  above  33.3  Pa  (250 
mTorr);  but,  the  measurements  tend  to  diverge  some 
at  13.3  Pa  (100  mTorr)  and  in  133  Pa  helium  above 
approximately  200  mA.  It  is  speculated  that  the  latter 
difference  occurs  as  the  discharges  change  from  a 
bulk  ionization  or  a-mode  to  a  secondary  electron 
emission  or  y-mode,  and  that  this  transition  occurs  at 
lower  voltages  and  currents  for  reactors  with  aluminum 
electrodes  than  it  does  for  those  with  stainless  steel 
electrodes.  In  addition,  time  resolved  electron  densities 
are  presented. 
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The  use  of  a  Langmuir  probe  system  in  two  GEC  cells 
is  reviewed.  The  major  problems  associated  with  probe 
diagnostics  and  GEC  cell  are  outlined  and  discussed. 
While  the  data  base  is  still  insufficient  to  give  definitive 
values  for  many  parametes,  a  number  of  standard 
measurements  are  put  forward.  The  plasma  density  in 
argon  is  9  x  10(exp  9)/cubic  cm  (plus  or  minus  20%) 
at  an  applied  rf  voltage  of  250  V  (500  V  peak  to  peak) 
and  a  gas  pressure  of  13.3  Pa  (100  mTorr).  The  elec- 
tron density  scales  linearly  with  applied  voltage.  The 
plasma  to  ground  sheath  resistance  is  shown  to  be 
very  important  with  a  value  of  810  Ohms  in  argon  at 
a  pressure  of  13.3  Pa  (100  mTorr)  and  discharge  cur- 
rent of  0.1  A.  The  value  of  plasma  to  ground  resistance 
scales  inversely  with  discharge  current  and  sublinear 
with  pressure. 
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In  order  to  extend  the  operating  range  of  the  GEC  RF 
Reference  Cell,  we  developed  an  inductively  coupled 
plasma  source  that  replaced  the  standard  parallel- 
plate  upper-electrode  assembly.  Voltage  and  current 
probes,  Langmuir  probes,  and  an  80  GHz  interferom- 
eter provided  information  on  plasmas  formed  in  argon, 
chlorine,  and  nitrogen  at  pressures  from  0.1  Pa  to  3 
Pa.  For  powers  deposited  in  the  plasma  from  20  W  to 
300  W,  the  source  produced  peak  electron  densities 
between  1 0(exp  1 0)/cubic  cm  and  1 0(exp  1 2)/cubic  cm 
and  electron  temperatures  near4eV.  The  electron  den- 
sity peaked  on  axis  with  typical  full-width  at  half  maxi- 
mum of  7  cm  to  9  cm.  Discharges  in  chlorine  and  nitro- 
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gen  had  biomodal  operation  that  was  clearly  evident 
from  optical  emission  intensity.  A  dim  mode  occurred 
at  low  power  and  a  bright  mode  at  high  power.  The 
transition  between  modes  had  hysteresis. 


02  395 

PB96-113402  (Order  as  PB96-1 13311,  PC  A09/ 
MF  A03) 

Michigan  Univ.,  Ann  Arbor.  Dept.  of  Nuclear  Engineer- 
ing. 

Reactive  Ion  Etching  in  the  Gaseous  Electronics 
Conference  RF  Reference  Cell. 

M.  L.  Brake,  J.  T.  P.  Pender,  M.  J.  Buie,  P.  D. 
Pochan,  P.  A.  Miller,  A.  Ricci,  and  J.  Soniker.  1995, 
8p. 

Contracts  DE-AC04-94AL85000,  DE-FI04- 
89AL588772 

Prepared  in  cooperation  with  Sandia  National  Labs., 
Albuquerque,  NM.  Sponsored  by  Department  of  En- 
ergy, Washington,  DC.  and  SEMATECH,  Austin,  TX. 
Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v100  n4  p441-448  Jul/ 
Aug  95. 

Keywords:  "Microelectronics,  "Gases,  "Standards, 
"Cells,  "Meetings,  Electric  discharges,  Plasma  etching, 
Wafers,  Rates(Per  time),  Depth,  Radio  frequencies, 
"Gaseous  electronics,  Reference  cell,  Reactive  ion 
etching,  NIST(National  Institute  of  Standards  and 
Technology). 

This  paper  describes  the  results  of  using  the  GEC  ref- 
erence cell  as  a  reactive  ion  etcher.  Silicon  wafers  with 
layers  of  polysilicon  and  silicon  dioxide  on  crystalline 
silicon  patterns  with  photoresist  have  been  inves- 
tigated with  fluorine  and  chlorine  chemistries.  Scan- 
ning electron  microscopy  (SEM),  profilometry,  and  re- 
fraction techniques  were  used  to  determine  the  etch 
parameters  such  as  etch  rate,  uniformity  and  selectiv- 
ity. The  discharges  are  in  general  monitored  by  meas- 
uring the  optical  emission  spectroscopy  and  the  bias 
voltages.  Depending  upon  the  discharge  and  chem- 
istry conditions,  similar  etch  rates  and  etch  patterns  of 
different  GEC  cells  were  obtained. 


02,396 

PB96-113410  (Order  as  PB96-113311,  PC  A09/ 
MF  A03) 

New  Mexico  Univ.,  Albuquerque.  Dept.  of  Chemical 
and  Nuclear  Engineering. 

Dusty  Plasma  Studies  in  the  Gaseous  Electronics 
Conference  Reference  Cell. 

H.  M.  Anderson,  and  S.  B.  Radovanov.  1995,  14p. 
Contract  DE-AC04-76DP00789 
Sponsored  by  Department  of  Energy,  Washington,  DC. 
and  Sandia  National  Labs.,  Albuquerque,  NM. 
Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v100  n4  p449-462  Jul/ 
Aug  95. 

Keywords:  "Microelectronics,  "Gases,  "Standards, 
"Cells,  "Meetings,  Radio  frequencies,  Electric  dis- 
charges, Plasmas(Physics),  Dust,  Particles,  Plasma 
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A  number  of  important  investigations  into  the  forma- 
tion, growth,  charging,  transport  and  consequences  of 
particulate  due  in  plasmas  have  been  made  using  the 
Gaseous  Electronics  Conference  Reference  Cell  as 
the  reactor  test-bed.  The  greatest  amount  of  work  to 
data  has  been  directed  toward  a  better  understanding 
of  the  role  that  electrostatic,  ion  drag,  neutral  fluid  drag 
and  gravitational  forces  play  in  governing  the  dynamic 
behavior  of  particles  cloud  motion.  Also,  statistical  cor- 
relation's in  the  fluctuation  of  scattered  laser  light  inten- 
sity (dynamic  laser  light  scattering  (DLLS))  can  be 
used  to  determine  information  about  particle  size,  mo- 
tion, and  growth  dynamics.  New  results  from  DLSS  ex- 
periments performed  in  the  Reference  Cell  are  pre- 
sented that  show  process-induced  dust  particles  con- 
fined in  an  electrostatic  trap  exhibit  low-frequency  os- 
cillatory motion  consistent  with  charge  density  wave 
(CDW)  motion  predicted  for  strongly  coupled  Coulomb 
liquids. 
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A  review  of  the  one-dimensional  modeling  studies  in 
the  literature  of  the  Gaseous  Electronics  Conference 
(GEC)  reference  plasma  reactor  is  presented.  Most  of 
the  studies  are  based  on  the  fluid  model  description 
of  the  discharge  and  some  utilize  hybrid  fluid-kinetic 
schemes.  Both  models  are  discussed  here  briefly.  The 
models  provide  a  basic  understanding  of  the  discharge 
mechanisms  and  reproduce  several  critical  discharge 
features  observed  experimentally. 
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Over  the  past  few  years  multidimensional  self-consist- 
ent plasma  simulations  including  complex  chemistry 
have  been  developed  which  are  promising  tools  for  fur- 
thering our  understanding  of  reactive  gas  plasmas  and 
for  reactor  design  and  optimization.  These  simulations 
must  be  benchmarked  against  experimental  data  ob- 
tained in  well-characterized  systems  such  as  the  Gas- 
eous Electronics  Conference  (GEC)  reference  cell. 
Two-dimensional  simulations  relevant  to  the  GEC  Cell 
are  reviewed  in  this  paper  with  emphasis  on  fluid  sim- 
ulation. 


02  399 

PB96-117692       PC  A05/MF  A01 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Gaithersburg,  MD.  Semiconductor  Electronics  Div. 
Semiconductor  Measurement  Technology:  Test 
Structure  Implementation  Document:  DC  Paramet- 
ric Test  Structures  and  Test  Methods  for  Mono- 
lithic Microwave  Integrated  Circuits  (MMICs). 
Special  pub. 

C.  E.  Schuster.  Sep  95,  96p,  NIST/SP-400-97. 
Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03368-5.  See  also  PB92-154640.  Sponsored  by  De- 
fense Advanced  Research  Projects  Agency,  Arlington, 
VA.  and  Air  Force  Wright  Aeronautical  Labs.,  Wright- 
Patterson  AFB,  OH. 

Keywords:  "Integrated  circuits,  "Semiconductor  de- 
vices, "Microwave  circuits,  "Metrology,  Gallium 
arsenides,  Microelectronics,  Fabrication,  Expert  sys- 
tems, Microwave  frequency  converters,  Communica- 
tion equipment,  Millimeter  waves,  Test  methods,  Test 
structures,  MMIC,  Monolithic  Microwave  Integrated  cir- 
cuits. 

This  document  describes  a  set  of  microelectronic  test 
structure  designs  for  manufacturers  of  GaAs  MMIC  de- 
vices. These  designs  enable  the  dc  measurement  of 
process  and  device  parameters  that  can  be  used  to 
diagnose,  monitor,  compare,  and  predict  the  perform- 
ance of  the  fabrication  process  or  the  devices  pro- 
duced. The  test  structure  designs  are  embodied  in  a 
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computer-aided  design  library  known  as  NISTGAAS, 
which  contains  8  types  of  test  structures,  implemented 
in  125  combinations  of  process  layer  and  size  and 
based  on  a  2  x  6  probe-pad  array.  Any  design,  once 
fabricated  on  a  wafer,  can  be  probed  using  commonly 
available  commercial  parametric  test  system  equip- 
ment. This  document  specifies  how  to  implement  and 
test  each  type  of  test  structure  and  how  to  analyze  the 
results.  It  also  provides  guidance  on  how  to  apply  the 
set  of  test  structures  at  the  wafer  level.  Although 
NISTGAAS  was  designed  for  the  process  described  in 
this  document,  it  was  also  designed  and  demonstrated 
to  be  adaptable  for  other  MMIC  processes.  Since 
NISTGAAS  contains  cell  designs  rather  than  a  chip  de- 
sign, it  provides  a  flexible  test  structure  methodology 
that  also  provides  the  MMIC  community  with  a  com- 
mon reference  point  for  assessing  process  and  device 
performance. 
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Process  and  device  simulators  are  being  used  for  the 
technology  computer-aided  design  (TCAD)  of  0.25-mi- 
crometers  gate-length  transistors  predicted  to  begin 
manufacture  in  1998.  This  paper  compares  and  re- 
views the  status  of  inverse  modeling  and  direct  phys- 
ical analysis  methods  to  obtain  two-dimensional 
dopant  profiles  for  verification  and  calibration  of  these 
TCAD  simulators.  Spatial  resolution,  dopant  accuracy, 
and  concentration  range  requirements  are  discussed. 
Direct  characterization  methods  include  scanning 
probe  microscopies  (scanning  capacitance  micros- 
copy, scanning  tunneling  microscopy  combined  with 
'spectroscopy,'  Mu-spreading  resistance  probe,  scan- 
ning Kelvin  probe  microscopy,  and  scanning  potential 
microscopy),  electron  holography,  and  tomographic 
secondary  ion  mass  tomographic  spectroscopy. 
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Thermal  oxidation  of  the  two  most  common  forms  of 
single-crystal  silicon  carbide  with  potential  for  semi- 
conductor electronics  applications  is  discussed:  3C- 
SiC  formed  by  heteroepitaxial  growth  by  chemical 
vapor  deposition  on  silicon,  and  6H-SiC  wafers  grown 
in  bulk  by  vacuum  sublimation  or  the  Lely  method.  SiC 
is  also  an  important  ceramic  and  abrasive  that  exists 
in  many  different  forms.  Its  oxidation  has  been  studied 
under  a  wide  variety  of  conditions.  Thermal  oxidation 
of  SiC  for  semiconductor  electronic  applications  is  dis- 
cussed in  the  following  section.  Insulating  layers  on 
SiC,  other  than  thermal  oxide,  are  discussed  in  Section 
C,  and  the  electrical  properties  of  the  thermal  oxide 
and  metal-oxide-semiconductor  capacitors  formed  on 
SiC  are  discussed  in  Section  D. 
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Defect  Formation  Mechanism  Causing  Increasing 
Defect  Density  during  Decreasing  Implant  Dose  in 
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Silicon-on-insulator  material  synthesized  by  oxygen 
implantation  (SIMOX)  is  a  leading  candidate  for  ad- 
vanced large  scale  integrated  circuit  applications  due 
to  thickness  uniformity  and  moderate  defect  density. 
In  the  past  few  years,  there  has  been  a  significant  re- 
duction of  the  defect  density  by  optimizing  processing 
conditions.  Today,  commercial  SIMOX  wafers  are 
available  by  single  implant  at  a  high  dose  of  1.8  x 
10(exp  18)/square  cm  (defect  density  about  10(exp  6)/ 
square  cm),  single  implant  at  a  low-dose  of  -0.5  x 
10(exp  18)/square  cm  (defect  density  less  than  10(exp 
3)/square  cm),  and  multiple  implants/anneals  (defect 
density  less  than  10(exp  4)/square  cm).  Studies  on  de- 
fect formation  mechanisns  may  suggest  further  modi- 
fication of  the  processing  conditions  for  both  produc- 
tion cost  and  material  quality. 
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The  quantized  Hall  resistance  (QHR)  standard  re- 
quires characterization  test  which  determine  if  and  how 
a  particular  QHR  device  should  be  used  as  an  intrinsic 
standard.  The  initial  characterization  at  a  qualified 
QHR  laboratory  would  provide  the  following:  (1)  Ver- 
ification that  the  device  resistance  was  approximately 
equal  to  that  of  other  QHR  devices  under  prescribed 
conditions;  (2)  Assurance  that  the  QHR  device  meets 
recognized  quality  construction  standards;  (3)  Deter- 
mination of  the  effect  of  temperature  in  the  range  below 
1.5k;  (4)  Determination  of  the  approximate  magnetic 
flux  density  which  must  be  applied  to  measure  the 
QHR  standard.  The  device  could  than  be  used  as  a 
standard  in  another  laboratory,  which  would  be  ex- 
pected to  characterize  the  device  using  procedures 
which  are  given  in  the  Recommended  Instrinsic/De- 
rived  Standards  Practice.  Some  of  the  laboratory  pro- 
cedures are  described. 
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A  Standard  Reference  Material,  SRM-2551,  has  been 
prepared,  measured,  and  certified  for  the  determina- 
tion of  institial  oxygen  concentration  in  semiconductor 
silicon.  Its  purpose  is  to  assist  users  in  the  calibration 
of  infrared  spectrophotometers  used  to  measure  the 
1107  cm  -1  oxygen  peak.  The  SRM  uncertainty  is 
0.17%  for  the  low-oxygen  specimens,  0.13%  for  the 
medium-oxygen  specimens,  and  0.12%  for  the  high- 
oxygen  specimens. 
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The  Materials  Science  and  Engineering  Laboratory  at 
NIST  has  augmented  its  laboratory-based  research  in 
support  of  the  U.S.  commercial  microelectronics  indus- 
try by  expanding  its  efforts  in  electronics  packaging, 
interconnection,  and  assembly  (P/l/A)  materials  tech- 
nologies. In  conjunction  with  industry,  university,  and 
other  government  agency  partners,  these  new  NIST  ef- 
forts target  materials  technology  issues  that  underlie 
the  priorities  contained  within  the  various  electronics 
industry  technology  roadmaps.  A  dominant  aspect  of 
the  laboratory  P/l/A  program  focuses  on  the  in-situ  me- 
trology and  data  needs  associated  with  the  materials 
and  complex  material  assembles  which  comprise  to- 
day's microelectronic  components  and  circuits. 
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We  present  a  parallel  algorithm  for  Monte  Carlo  sim- 
ulation of  molecular  beam  epitaxial  growth  (MBE)  fo- 
cusing on  the  software  we  have  developed  and  the  ex- 
periences gained.  An  efficient  sequential  method  to  do 
MBE  simulation  was  developed  that  uses  a  single  bi- 
nary tree  to  store  the  rates  of  occurence  of  all  possible 
events  at  a  given  time.  The  challenge  was  to  find  a 
way  to  adapt  this  method  to  a  parallel  machine. 
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Two  new  classes  of  defects  have  been  identified  in 
commercial  SIMOX,  plasma  thinned  BSOI  and  BESOI 
materials.  The  first  class  of  defects  are  revealed  when 
the  materials  are  treated  in  concentrated  HF,  and  their 
density  is  in  the  range  10  to  the  2nd  power  - 10  to  the 
third  power  cm  -2.  The  second  class  of  defects  den- 
sities of  10  to  the  4th  power  -  10  to  the  5th  power  cm 
-2  are  present  in  both  plasma  thinned  BSOI  and  BESOI 
after  Secco  etching.  The  defect  densities  in  SIMOX 
after  the  secco  etching  were  10  to  the  6th  power  -  10 
to  the  7th  power  cm  -2  which  was  expected. 
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Using  a  new  micromachining  technology,  thermally 
isolated  thin  films  of  high-temperature  superconductor 
have  been  microfabricated.  The  intended  application 
for  these  structures  is  in  infrared  bolometers.  A  silicon 
wafer  bonding  process  produces  a  low  thermal  mass 
island  of  single-crystal  silicon  on  a  silicon  nitride  mem- 
brane which  provides  thermal  isolation.  The  silicon  can 
act  as  a  seed  for  the  epitaxial  growth  of  YBa2Cu307 
on  a  yttria-stabilized  zirconia  buffer  layer.  This  paper 
describes  the  overall  concept  of  the  thermally  isolated 
device,  and  demonstrates  that  the  micromachined 
structure  can  be  fabricated  with  high-quality 
superconducting  films. 
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KNb03  possesses  high  nonlinear  optical  coefficients 
making  it  a  promising  material  for  frequency  conver- 
sion of  infrared  light  into  the  visible  wavelength  range 
using  integrated  optical  devices.  While  epitaxial  thin 
films  of  KNb03  have  previously  been  grown  using  ion 
beam  sputtering,  defects  (i.e.  grain  boundaries,  do- 
mains, surface  roughness)  in  these  films  resulted  in 
high  optical  losses  and  no  measurable  in-plane 
birefringence.  Previous  films  were  grown  on  MgO  sub- 
strates, which  have  a  greater  than  4%  lattice  mismatch 
with  KNb03.  In  the  work  reported  here,  the  authors 
have  grown  films  on  MgO,  MgAI204,  NdGa03,  and 
KTa03  to  investigate  the  role  of  lattice  mismatch  on 
the  resulting  film  quality.  Films  have  also  been  grown 
with  and  without  oxygen  ion  assistance.  The  orienta- 
tions, morphologies,  and  defects  in  the  films  were  ex- 
amined using  x-ray  diffraction  and  AFM  to  determine 
their  relationships  to  the  growth  conditions  and  sub- 
strate lattice  mismatch. 
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The  changes  in  surface  morphology  and  surface  resist- 
ance of  sputtered  and  laser  ablated  YBa2Cu307- 
sigma  films  both  before  and  after  etching  have  been 
examined.  Six  different  etchants  were  used:  citric  acid, 
nitric  acid,  Br-methanol,  EDTA,  disodium  EDTA,  and 
ion  milling.  The  surface  morphologies  of  the  films  were 
examined  by  reflection  high  energy  electron  diffraction 
(RHEED)  and  atomic  force  microscopy  (AFM),  both 
before  and  after  etching.  The  surface  resistance  (Rs) 
was  measured  at  94  GHz  using  a  confocal  resonator. 
An  amorphous  layer  was  found  on  the  film  surfaces 
after  exposure  to  air.  A  few  of  the  etches  restored 
some  of  the  surface  crystallinity,  but  most  caused  in- 
creases in  the  overall  surface  roughness.  Several  of 
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the  wet  etches  attacked  dislocations.  Ion  milling 
caused  the  largest  degradation  of  surface  crystallinity 
and  a  corresponding  increase  in  (Rs).  Some  of  the 
chemical  etches  increased  R,  by  less  than  1 5%. 
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The  line-reflect-match  calibration  is  enhanced  to  ac- 
commodate imperfect  match  standards  and  lossy  lines 
typical  of  monolithic  microwave  integrated  circuits.  The 
authors  characterize  the  match  and  line  standards 
using  an  additional  line  standard  of  moderate  length. 
The  new  method  provides  a  practical  means  of  obtain- 
ing accurate,  wideband  calibrations  with  compact 
standard  sets.  Without  the  enhancement,  calibration 
errors  due  to  imperfection  in  typical  standards  can  be 
severe. 
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The  permittivity  and  dielectric  loss  tangent  of 
crosslinked  polystyrene  (Rexolite),  polytetrafluoro- 
ethylene  (Teflon),  and  single-crystal  quartz  were 
measured  at  microwave  frequencies  and  at  tempera- 
tures of  77  K  and  300  K  using  a  dielectric  resonator 
technique.  Dielectric  loss  tangents  as  low  as  7  x  10 
to  the  minus  6th  power  at  77  K  were  determined  by 
applying  high-temperature  superconducting  (HTS) 
films  as  the  endplates  of  the  dielectric  resonator.  Two 
permittivity  tensor  components  for  uniaxially  aniso- 
tropic crystalline  quartz  were  measured.  Although  the 
permittivities  at  77  K  changed  very  little  from  their  room 
temperature  values  at  300  K,  large  changes  in  dielec- 
tric losses  were  observed.  The  decreased  losses  of 
these  microelectronic  substrates  can  markedly  im- 
prove the  performance  of  many  microwave  devices  at 
cryogenic  temperatures. 
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A  scanning  electron  microscope  (SEM)  can  be  used 
to  measure  the  dimensions  of  the  microlithographic 
features  of  integrated  circuits.  However,  without  a  good 
model  of  the  electron-beam/specimen  interaction,  ac- 
curate edge  location  cannot  be  obtained.  A  Monte 
Carlo  code  has  been  developed  to  model  the  inter- 
action of  an  electron  beam  with  one  or  two  lines  litho- 
graphically produced  on  a  multilayer  substrate.  The 
purpose  of  the  code  is  to  enable  one  to  extract  the 
edge  position  of  a  line  from  SEM  measurements.  It  is 
based  on  prior  codes  developed  at  the  National  Insti- 
tute of  Standards  and  Technology,  but  with  a  new  for- 


mulation for  the  atomic  scattering  cross  sections  and 
the  inclusion  of  a  method  to  simulate  edge  roughness 
or  rounding.  The  code  is  currently  able  to  model  the 
transmitted  and  backscattered  electrons,  and  the  re- 
sults from  the  code  have  been  applied  to  the  analysis 
of  electron  transmission  through  gold  lines  on  a  thin 
silicon  subtrate,  such  as  is  used  in  an  x-ray  lithographic 
mask.  Significant  reductions  in  backscattering  occur 
because  of  the  proximity  of  a  neighboring  line. 
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Resistance  measurements  of  thin  aluminum-silicon 
alloy  lines,  10  and  30  microm  wide,  were  made  at  var- 
ious temperatures  in  the  9.2-295.5  K  range.  Deviations 
from  Matthiessen's  rule  were  observed  over  the  whole 
temperature  range.  At  temperatures  near  room  ambi- 
ent data  for  these  lines  are  in  good  agreement  with 
those  reported  for  aluminum-copper  alloy  wires.  A  for- 
malism was  developed  to  calculate  line  thickness  and 
cross-sectional  area  from  electrical  resistance  data. 
Line  thickness  calculations  are  in  good  agreement  with 
thickness  data  measured  via  scanning  electron  micros- 
copy. The  stress  distributions  in  these  lines  were  mod- 
eled by  using  finite  element  stress  analysis.  The  results 
show  large  stress  gradients  localized  at  the  line  edge 
region,  whereas  at  the  central  part  of  the  line  there  is 
a  high  stress  value  and  a  low  stress  gradient.  In 
submicrometer  lines  the  whole  line  body  is  under  large 
stress  gradients. 
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We  present  an  overview  of  a  cross-sectional  scanning 
microphotoluminescence  technique  that  is  used  to  ex- 
amine various  buried-layer  semiconductor  structures 
for  which  traditional  surface-normal  techniques  cannot 
yield  sufficient  information  or  must  be  coupled  with 
time-consuming  and  painstaking  processes  such  as 
wet  etching.  This  technique  has  a  wide  range  of  appli- 
cation; two-  defect-driven  interdiffusion  in  quantum 
wells  and  the  modificaton  of  spontaneous  emission 
from  quantum  wells  in  vertical-cavity  surface-emitting 
lasers  (VCCSELs)-are  discussed  here.  The  data  ob- 
tained using  this  method  can  be  used  to  distinguish 
emission  spectra  from  quantum  wells  as  little  as  one 
micrometer  apart  in  depth  and  a  few  nanometers  dif- 
ferent in  wavelength.  The  comparison  of  normal  inci- 
dence with  cross-sectional  data  from  VCSELs  can  be 
used  to  more  effectively  optimize  the  match  between 
cavity  resonance  and  quantum  well  emission  in  high- 
Q  devices. 
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Several  properties  make  neutron  reflectivity  particu- 
larly suited  to  investigations  of  semiconductor  struc- 
tures produced  by  both  molecular  beam  epitaxy  (MBE) 
and  chemical  means.  Reflectivity  can  provide  quan- 
titative information  about  composition,  layer  thickness 
and  interface  width.  Since  the  scattering  length  for  neu- 
trons depends  upon  nuclear  interactions,  in  contrast  to 
x-rays,  a  large  difference  in  scattering  length  can  occur 
between  systems  of  similar  atomic  number  and  one 
can  employ  isotope  tagging  at  a  particular  fabrication 
step  to  determine  its  effect  in  the  finished  structure.  In 
this  paper  we  describe  a  new  facility  for  in-situ  neutron 
reflectivity  and  related  measurements  within  a  MBE 
chamber,  review  the  principles  underlying  reflectivity 
and  grazing  angle  diffraction,  discuss  the  unique  capa- 
bilities of  neutrons  in  comparison  with  X-rays,  and  give 
some  examples  of  applications  in  which  neutron  reflec- 
tivity can  be  uniquely  utilized. 
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Accurate  metrology  using  atomic  force  microscopy 
(AFM)  requires  accurate  control  of  the  tip  position,  an 
estimate  of  the  tip  geometry  and  an  understanding  of 
the  tip-surface  interaction  forces.  We  describe  recent 
progress  at  National  Institute  of  Standards  and  Tech- 
nology (NIST)  towards  accurate  AFM  metrology.  We 
begin  with  a  brief  introduction  to  the  potential  applica- 
tions of  accurate  AFM  metrology  within  the  semi- 
conductor industry.  Next,  we  describe  the  techno- 
logical infrastructure  required  before  industry  person- 
nel can  successfully  use  AFM  for  repeatable,  repro- 
ducible, and  accurate  measurements.  NIST's  pro- 
grammatic response  to  the  identified  needs  is  then  out- 
lined. We  give  particular  attention  to  the  development 
of  a  calibrated  atomic  force  microscope  (C-AFM),  since 
the  development  of  this  instrument  is  essential  to  the 
successful  completion  of  most  of  our  specific  projects. 

02,418 

PB96-1 48044       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Boulder,  CO.  Electromagnetic  Technology  Div. 
Josephson  D/A  Converter  with  Fundamental  Accu- 
racy. 
Final  rept. 

C.  A.  Hamilton,  C.  J.  Burroughs,  and  R.  L.  Kautz. 
1995,  3p. 

See  also  AD-A1 10  081/7. 

Pub.  in  Institute  of  Electrical  and  Electronics  Engineers 
Transactions  on  Instrumentation  and  Measurement, 
v44  n2  p223-225  Apr  95. 

Keywords:  'Josephson  junctions,  'Converters,  Electric 
potential,  Standards,  Accuracy,  Arrays,  Reprints,  Volt- 
age standard. 

A  binary  sequence  of  series  arrays  of  shunted  Joseph- 
son  junctions  is  used  to  make  a  14-b  D/A  converter. 
With  13  bias  lines,  any  step  number  in  the  range  -8192 
to  +81 92  -  1 ,2V  to  +  1 .2V  can  be  selected  in  the  time 
required  to  stabilize  the  bias  current  (a  few 
microseconds).  The  circuit  is  a  fast  accurate  dc  ref- 
erence, and  it  makes  possible  the  digital  synthesis  of 
ac  waveforms  whose  amplitudes  derive  directly  from 
the  internationally  accepted  definition  of  the  volt. 
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This  paper  reviews  eight  years  of  fabrication  of  10-V 
Josephson  array  chips  at  National  Institute  of  Stand- 
ards and  Technology  (NIST),  and  the  performance  and 
reliability  of  these  chips  at  22  different  standards  lab- 
oratories. Failure  mechanisms  and  statistical  data  on 
failure  rates  are  presented  for  devices  made  with  both 
Nb/Nb205/Pb  and  Nb/AI203/Nb  junctions. 
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Test  results  from  high-quality  electrical  and  physical 
measurements  on  the  same  cross-bridge  resistor  test 
structure  with  approximately  vertical  sidewalls  have 
shown  differences  in  linewidth  as  great  as  90  nm  for 
selected  conductive  films.  These  differences  were 
independent  of  design  linewidth.  As  dimensions  be- 
come smaller,  the  accurate  measurement  of  the  pat- 
terned conductor  width  is  necessary  to  assure  predict- 
able timing  performance  of  the  interconnect  system  as 
well  as  control  of  critical  device  parameters. 
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The  methodology  and  experiment  for  certification  of 
reference  specimens  for  determining  interstitial  oxygen 
concentration  in  semiconductor  silicon  are  reported. 
These  reference  specimens  are  intended  for  calibra- 
tion of  infrared  spectrophotometers  which  measure  the 
1107  cm  to  the  minus  1  power  oxygen  peak  in  silicon 
to  enable  users  to  improve  their  measurement  agree- 
ment. Based  on  an  earlier  international  Grand  Round 
Robin  study,  this  measurement  agreement  is  at  best 
5.4%  (2(sigma)).  Industry  requirements  for  measure- 
ment comparison  are  much  more  demanding,  and  a 
methodology  to  satisfy  those  requirements  is  de- 
scribed. The  most  important  aspect  of  this  methodol- 
ogy is  to  reduce  interlaboratory  variation  by  the  use  of 
a  single  infrared  instrument  for  certification.  The  certifi- 
cation uncertainty  depends  primarily  on  the  improved 
repeatability  of  this  instrument.  Other  sources  of  uncer- 
tainty were  nonuniformity  in  both  oxygen  concentration 
and  thickness  over  the  specimen  area,  and  variations 
in  residual  oxygen  among  the  float-zone  specimens 
which  provided  zero-oxygen  reference  for  the  ref- 
erence sets.  These  various  sources  were  combined  in 
quadrature  to  arrive  at  2(sigrna)  estimates  of  uncer- 
tainty under  0.2%  at  three  oxygen  levels. 
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A  major  problem  with  current  Cellular  Neural  Networks 
is  that  the  size  of  the  network  is  partially  limited  by  the 
number  of  input/output  pins.  This  paper  address  this 
issue  by  combining  a  thermal  pixel  with  the  output  of 
each  cell.  The  output  of  all  of  the  cells  can  then  be 
seen  in  parallel  with  the  aid  of  a  thermal  camera  of 
other  device  located  off-chip.  THe  layout  for  the  cell 
is  given  and  discussed.  The  chip  was  fabricated 
through  the  MOSIS  service. 
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Mo/Si  multilayer  mirrors  with  high  peak  reflectivities 
have  been  fabricated  in  many  laboratories.  This  mate- 
rial pair  works  very  well  for  wavelengths  between  125 
Angstroms  adn  250  Angstroms,  and  is  therefore  very 
useful  in  optics  for  astronomy  and  microscopy.  How- 
ever, complete  understanding  of  the  properties  of 
these  structures  is  presently  limited  by  lack  of  under- 
standing of  the  details  of  the  interfaces.  We  report  re- 
sults from  a  study  of  Mo/Si  interfaces  performed  with 
state-of-the-art  surface  science  instruments  and  elec- 
tron microscpoy.  Low-angle  x-ray  diffraction  and  syn- 
chrotron radiation  characterization  results  for 
multilayers  prepared  under  a  variety  of  conditions  are 
reported. 
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This  paper  outlines  how  the  needs  for  calibrating  the 
positional  accuracy  of  features  on  an  X-ray  mask  mem- 
brane or  an  opticalreticle  can  be  addressed  by  applica- 
tion of  a  high-accuracy  coordinate  metrology  system 
known  as  the  NIST  Molecular  Measuring  Machine  (M- 
Cubed).  Based  on  scanning  tunneling  microscopy  and 
state-of-the-art  heterodyne  optical  interferometry,  the 
measurements  of  M-cubed  are  referenced  to  fun- 
damental standards  of  length  and  angle  and  with  the 
atomic-resolution  of  its  scanning  tunneling  microscope 
probe  will  be  validated  against  the  interatomic 
spacings  and  geometry  of  single  crystal  surfaces. 
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Nanometrology  is  defined  here  as  the  science  of  meas- 
uring the  dimensions  of  objects  or  object  features  to 
uncertainties  of  one  nanometer  or  less.  Four  major 
tasks  of  nanometrology  are  examined:  realizing  a  met- 
ric in  the  measurement  space;  establishing  the  metric 
in  a  coordinate  reference  frame;  generating  and  meas- 
uring repeatable  motion  relative  to  the  coordinate  ref- 
erence frame;  and  linking  the  testpiece  to  the  coordi- 
nate reference  frame/metric  by  a  probe.  Optical  scales, 
x-ray  interferometry,  heterodyne  interferometry,  Fabry- 
Perot  etalons,  impedance-based  transducers,  and 
STM  scales  are  evaluated  as  possible  means  to  realize 
a  metric. 
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Projections  about  manufacturing  trends  in  the  inte- 
grated circuit  industry  are  made  which  indicate  that  by 
2001  uncertainty  requirements  for  dimensional  metrol- 
ogy will  be  less  than  1  nanometer.  Brief  arguments  are 
presented  that  new  scanning  probe  microscopes  offer 
many  opportunities  to  meet  this  need  because  they 
have  the  potential  of  reducing  the  uncertainty  of  locat- 
ing a  feature  on  a  testpiece  and  because  they  provide 
new  access  to  the  highly  ordered  atomic  structure  of 
crystal  surfaces.  Such  access  has  much  potential  for 
giving  greatly  increased  accuracy  for  generating  ref- 
erence lines  and  geometry  against  which  motion  of 
machine  elements  can  be  measured  and  character- 
ized. The  need  for  large-area,  atomically-flat  surfaces 
is  discussed. 
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A  high-performance  spectroscopic  ellipsometer  has 
been  custom  built,  in  house  at  NIST,  based  on  the 
commonly  used  rotating-analyzer  configuration.  The 
data  accuracy  was  highly  enhanced  by  using  the  prin- 
cipal-angle scanning  technique.  This  technique  re- 
quires an  accurate  setting  of  the  angle  of  incidence 
which  is  accomplished  by  an  interferomter  and  high- 
precision  goniometers  for  the  sample  stage  and  the  po- 
larizer. For  each  wavelength,  the  principal  angle  of  inci- 
dence was  automatically  searched  to  obtain  a  90s 
phase  shift  of  the  polarized  light  upon  reflection,  i.e., 
delta  =  90  degrees,  and  the  polarizer  azimuth  was  set 
to  psi.  At  this  condition,  the  ac  component  of  detected 
intensity  is  near  a  null.  With  zone  averaging,  system- 
atic errors  such  as  the  detector  nonlinearity,  and  the 
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analyzer  and  polarizer  calibration  constants,  are  mini- 
mized. To  illustrate  the  use  and  capability  of  this  sys- 
tem, the  authors  use  the  results  of  a  recent  study  of 
the  optical  properties  of  Si02/Si  system  and,  in 
particlar,  the  transitional  region,  defined  as  an  inter- 
layer  between  the  thermally  grown  Si02/Si  system 
and,  in  particular,  the  transitional  region,  defined  as  an 
interlayer  between  the  thermally  grown  Si02  film  and 
the  Si  substrate.  In  this  study,  the  complex  dielectric 
function  and  the  thickness  of  the  interlayer  were  deter- 
mined. 
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Enhancements  to  the  voltage-dividing  potentiometer, 
an  electrical  test  structure  Tor  measuring  the  spatial 
separations  of  pairs  of  conducting  features,  are  pre- 
sented and  discussed.  These  enhancements  reduce  or 
eliminate  systematic  errors  which  can  otherwise  lead 
to  uncertainties  as  large  as  several  hundred 
nanometers.  These  systematic  errors,  attributed  by 
modeling  to  asymmetries  at  certain  intersections  of 
conducting  features  in  the  test  structure,  are  eliminated 
by  modifications  to  the  test  structure  and  test  proce- 
dures. 
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The  dynamic  behavior  of  commercially  available  buffer 
layer  IGBT's  described.  It  is  shown  that  buffer  layer 
IGBT's  become  much  faster  at  high  voltages  than 
nonbuffer  layer  IGBT's  with  similar  low  voltage  charac- 
teristics. Because  the  fall  times  specified  in  manufac- 
tures' data  sheets  do  not  reflect  the  voltage  depend- 
ence of  switching  speed,  a  new  method  of  selecting 
devices  for  different  circuit  applications  is  suggested. 
A  buffer  layer  IGBT  model  is  developed  and  imple- 
mented into  the  Saber  circuit  simulator,  and  a  proce- 
dure is  developed  to  extract  the  model  parameters  for 
buffer  layer  IGBT's.  It  is  shown  that  the  new  buffer 
layer  IGBT  model  can  be  used  to  describe  the  dynamic 
behavior  and  power  dissipation  of  buffer  layer  IGBT's 
in  user-defined  application  circuits.  The  results  of  the 
buffer  layer  IGBT  model  are  verified  using  commer- 
cially available  IGBT's. 
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Control  of  image  placement  has  been  and  is  expected 
to  remain  one  of  the  most  important  challenges  re- 


quired in  the  manufacturing  of  advanced  microelec- 
tronic devices.  The  metrology  to  monitor  and  evaluate 
the  performance  of  lithographic  tools  with  those  capa- 
bilities is  lagging.  Electrical  test  structures  provide  low- 
cost,  post-patterning  metrology  for  overlay  that  is  rou- 
tinely available  during  the  advanced  stages  of  process 
development  and  during  manufacturing. 

02,431 

PB96-167192       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Gaithersburg,  MD.  Semiconductor  Electronics  Div. 

Optical  Characterization  of  Materials  and  Devices 

for  the  Semiconductor  Industry:  Trends  and 

Needs. 

Final  rept. 

S.  Perkowitz,  D.  G.  Seiler,  and  W.  M.  Bullis.  1996, 
3p. 

Pub.  in  Proceedings  of  the  International  Workshop  on 
Semiconductor  Characterization:  Present  Status  and 
Future  Needs,  Gaithersburg,  MD.,  January  30-Feb- 
ruary  2,  1 995,  p422-424  1 996. 

Keywords:  "Semiconductors,  "Optical  characterization, 
Surveys,  Processes,  Devices,  Reprints,  Contactless, 
Nondestructive  methods. 

Contactless,  nondestructive  optical  methods  are  used 
to  characterize  materials,  process,  and  devices  in  the 
semiconductor  industry.  In  response  to  industrial 
needs,  the  Semiconductor  Electronics  Division  of  the 
National  Institute  of  Standards  and  Technology  con- 
ducted a  survey  of  the  need  for  use  of  optical  charac- 
terization methods  within  the  semiconductor  industry. 
Data  from  forty-two  firms  were  analyzed  to  show  the 
impact  of  the  methods,  what  they  measure,  their  range 
and  precision,  and  their  cost.  A  significant  finding  of 
the  study  is  the  need  expressed  by  many  industrial 
users  for  imporved  standards  and  test  methods  for  op- 
tical characterization. 
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This  List  of  Publication  includes  all  paper  relevant  to 
semiconductor  technology  published  by  NIST  staff,  in- 
cluding work  of  the  National  Semiconductor  Metrology 
Program,  the  Semiconductor  Electronics  Division,  and 
other  parts  of  NIST  having  independent  interests  in 
semiconductor  metrology.  Bibliographic  information  is 
provided  for  publications  from  1990  through  1995. 
Within  each  year,  citations  of  published  papers  are  list- 
ed alphabetically  by  first  author.  Indexes  are  provided 
by  topic  area  and  by  author.  Publications  are  referred 
to  in  the  Topic  and  Author  Indexes  according  to  publi- 
cation year  and  citation  number  (i.e.,  95-3  refers  to  the 
third  publication  in  the  year  1995).  A  listing  of  software 
available  from  the  Semiconductor  Electronics  Division 
is  given  on  page  57,  along  with  contacts  for  additional 
information  and  for  copies  of  the  computer  programs. 
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Quantum-mechanical  effects  observed  in  the 
magnetoresistance  of  semiconductor  devices  and  ma- 
terials give  important  information  such  as  carrier  den- 
sity, scattering  rates,  and  band  structure  parameters. 
However,  the  small  size  of  these  effects  often  limits 
their  observation  and  subsequently  their  practical  use. 


The  purpose  of  this  paper  is  to  show  how  these  quan- 
tum mechanical  effects  can  be  more  easily  observed 
and  used  as  characterization  tools  by  modulating  the 
applied  magnetic  field,  which  can  increase  the  sensitiv- 
ity of  magnetotransport  measurements. 
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The  authors  apply  custom  calibration  standards  and 
software  to  the  accurate  on-wafer  measurement  of 
MIM  capacitors  and  spiral  inductors  on  flip-chip  copla- 
nar-waveguide  MMICs.  The  authors  suggest  equiva- 
lent circuit  models  and  document  their  deficiencies. 
The  results  are  applicable  to  the  development  of  an 
accurate  CAD  database. 
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The  report  accurate  on-wafer  measurements  of  trans- 
mission lines  on  flip-chip  coplanar-wave-guide  MMICs. 
The  results  are  applicable  to  the  development  of  an 
accurate  CAD  database.  The  authors  also  report  and 
apply  a  new  technique  for  the  measurement  of  trans- 
mission line  capacitance. 
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The  authors  apply  custom  calibration  standards  and 
software  to  the  accurate  on-wafer  measurement  of 
components  on  flip-chip  coplanar-waveguide  MMICs. 
The  authors  characterize  transmission  lines,  MIM  ca- 
pacitors, and  spiral  inductors  and  develop  equivalent 
circuit  models.  The  results  are  applicable  to  the  devel- 
opment of  an  accurate  CAD  database. 
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Spherical  quantum-dot-quantum-well  nanocrystallites, 
with  internal  radial  quantum-well  band  profiles,  can 
now  be  fabricated.  Pair  states  in  these 
nanoheterostructures  are  determined  by  electron-hole 
attraction,  global  confinement  in  the  dot,  and  local  con- 
finement within  the  well.  Configuration-interaction  cal- 
culations using  effective-mass  models  with  screened 
pair  interaction  give  accurate  exciton  energies  for  CDs/ 
HgS  quantum-dot  quantum  wells.  Binding  energy  and 
pair  correlation  are  suppressed  but  pair-oscillator 
strengths  are  enhanced  by  adding  a  HgS  quantum  well 
to  a  CDs  quantum  dot. 
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The  authors  present  time-dependet  dielectric  break- 
down (TDDB)  characteristics  for  9,  15,  and  22  nm  sili- 
con dioxide  films  stressed  under  dc,  unipolar,  and  bipo- 
lar pulsed  bias  conditions.  The  authors'  results  indicate 
that  the  increased  lifetime  observed  under  pulsed 
stress  conditions  diminishes  as  the  stress  electric  field 
and  oxide  thickness  are  reduced.  TDDB  data  under 
pulse  bias  conditions  exhibit  similar  field  and  tempera- 
ture dependencies  as  under  static  stress.  C-V  meas- 
urements indicate  that  lifetime  enhancement  only  oc- 
curs for  electric  fields  and  thickness  where  charge  trap- 
ping is  significant. 
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Maintaining  critical  dimensions  (CDs)  in  optical  lithog- 
raphy requires  careful  control  over  the  UV/DUV  dose 
applied  to  a  photoresist,  especially  as  CDs  become 
smaller.  To  meet  the  growing  need  for  a  UV-measure- 
ment  infrastructure  in  the  semiconductor  industry,  the 
National  Institute  of  Standards  and  Technology  (NIST) 
is  improving  its  primary  radiometric  standards  by  an 
order  of  magnitude,  reducing  the  absolute  uncertainty 
in  irradiance  measurements  to  about  0.5%  in  the  100- 
400  nm  range.  Parallel  improvements  in  transfer  stand- 
ards and  source  calibrations  will  allow  the  dissemina- 
tion of  highly  accurate  radiometric  scales  directly  to  in- 
dustry. 
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A  new,  physics  based  model  for  time  dependent  di- 
electric breakdown  has  been  developed,  and  is  pre- 
sented along  with  test  data  obtained  by  NIST  on  oxides 
provided  by  National  Semiconductor.  Testing  included 
Fields  from  5.6  MV/cm  to  12,7  MV/cm,  and  tempera- 
tures ranging  from  60  degrees  C  to  400  degrees  C. 
The  physics,  mathematical  model  and  test  data,  all 
confirm  a  linear,  rather  than  an  inverse  field  depend- 
ence. The  primary  influence  on  oxide  breakdown  was 
determined  to  be  due  to  the  dipole  interaction  energy 
of  the  field  with  the  orientation  of  the  molecular  dipoles 
in  the  dielectric.  The  resultant  failure  mechanism  is 
shown  to  be  the  formation  and  coalescence  of  vacancy 
defects,  similar  to  that  proposed  by  Dumin  et  al. 
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Lithography  can  be  performed  with  beams  of  neutral 
atoms  in  metastable  excited  states  to  pattern  self-as- 
sembled monolayers  (SAMs)  of  alkanethiolates  on 
gold.  An  estimated  exposure  of  a  SAM  of 
dodecanethiolate  (DDT)  to  1 5  to  20  metastable  argon 
per  DDT  molecule  damaged  the  SAM  sufficiently  to 
allow  penetration  of  an  aqueous  solution  of  ferricya- 
nide  to  the  surface  of  the  gold.  This  solution  etched 
the  gold  and  transformed  the  patterns  in  the  SAMs  into 
structures  of  gold;  these  structures  had  edge  resolution 
of  less  than  100  nanometers.  Regions  of  SAMs  as 
large  as  2  square  centimeters  were  patterned  by  expo- 
sure to  a  beam  of  metastable  argon  atoms.  These  ob- 
servations suggest  that  this  system  may  be  useful  in 
new  forms  of  micro-  and  nanolithography. 
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In  this  paper,  the  authors  discuss  guidelines  for  design- 
ing linear  bipolar  junction  transistor  (BJT)  amplifiers 
with  low  1/f  amplitude  modulation  (AM)  and  phase 
modulation  (PM)  noise.  These  guidelines  are  derived 
from  a  new  theory  that  relates  AM  and  PM  noise  to 
transconductance  fluctuations,  junction  capacitance 
fluctuations,  and  circuit  architecture.  The  authors  ana- 
lyze the  noise  equations  of  each  process  for  a  common 
emitter  (CE)  amplifier  and  use  the  results  to  suggest 
amplifier  designs  that  minimize  the  1/f  noise  while  pro- 
viding other  required  attributes  such  as  high  gain.  Al- 
though the  authors  use  a  CE  amplifier  as  an  example, 
the  procedure  applies  to  other  configurations  as  well. 
Experimental  noise  results  for  several  amplifier  con- 
figurations are  presented. 
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An  overview  is  provided  of  non-classified  advanced 
electronics  packaging  programs,  particularly  those  in- 
volving multichip  module  (MCM)  technologies,  spon- 
sored and  performed  by  the  U.S.  Departments  of  De- 
fense, Energy,  and  Commerce  and  the  National  Aero- 
nautics and  Space  Administration  (NASA),  and  how 
those  programs  are  coordinated  among  one  another 
and  with  U.S.  industry. 
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Two  computer  codes  for  simulating  the  backscattered, 
transmitted,  and  secondary-electron  signals  for  targets 
in  a  scanning  electron  microscope  are  described.  The 
frist  code,  MONSEL-II,  has  a  model  target  consisting 
of  three  parallel  lines  on  a  three-layer  substrate,  while 
the  second,  MONSEL-III,  has  a  model  target  consisting 
of  a  two-by-two  array  of  finite  lines  on  a  three-layer 
substrate.  Elastic  electron  scattering  is  determined  by 
published  fits  to  the  Mott  cross  section.  Both  plasmon- 
generated  electrons  and  ionized  valence  electrons  are 
included  in  the  secondary  production.  An  adjustable 
quantity,  called  the  residual  energy  loss  rate,  is  added 
to  the  formula  of  Joy  and  Luo  to  obtain  the  measured 
secondary  yield.  The  codes  show  the  effects  of  signal 
enhancement  due  to  edge  transmission,  known  as 
blooming,  as  well  as  signal  reduction  due  to  neighbor- 
ing lines,  known  as  the  'black-hole'  effect. 
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NIST  is  in  the  process  of  developing  a  new  scanning 
electron  microscope  (SEM)  magnification  calibration 
reference  standard  useful  at  both  high  and  low  accel- 
erating voltages.  This  standard  will  be  useful  for  all  ap- 
plications to  which  the  SEM  is  currently  being  used, 
but  it  has  been  specifically  tailored  to  meet  many  of 
the  particular  needs  of  the  semiconductor  industry.  A 
small  number  of  test  samples  with  the  pattern  were 
prepared  on  silicon  substrates  using  electron  beam  li- 
thography at  the  National  Nanofabrication  Facility  at 
Cornell  University.  The  structures  were  patterned  in  ti- 
tanium/palladium with  maximum  nominal  pitch  struc- 
tures of  approximately  3000  micrometers  scaling  down 
to  structures  with  minimum  nominal  pitch  of  0.4  mi- 
crometer. Eighteen  of  these  samples  were  sent  out  to 
a  total  of  35  university,  research,  semiconductor  and 
other  industrial  laboratories  in  an  interlaboratory  study. 
The  purpose  of  the  study  was  to  test  the  SEM  instru- 
mentation and  to  review  the  suitability  of  the  sample 
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design.  The  laboratories  were  asked  to  take  a  series 
of  micrographs  at  various  magnifications  and  accel- 
erating voltages  designed  to  test  several  of  the  aspects 
of  instrument  performance  related  to  general  SEM  op- 
eration and  metrology.  If  the  instrument  in  the  labora- 
tory was  used  for  metrology,  the  laboratory  was  also 
asked  to  make  specific  measurements  of  the  sample. 
In  the  first  round  of  the  study  (representing  18  labora- 
tories), data  from  35  instruments  from  several  manu- 
facturers were  obtained  and  the  second  round  yielded 
information  from  14  more  instruments.  The  results  of 
the  analysis  of  the  data  obtained  in  the  study  are  pre- 
sented in  the  paper. 
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During  the  manufacturing  of  present-day  integrated  cir- 
cuits, certain  meausrements  must  be  made  of  the 
submicrometer  structures  composing  the  device  with 
a  high  degree  of  precision.  Optical  microscopy,  scan- 
ning electron  microscopy  and  the  various  forms  of 
scanning  probe  microscopies  are  major  microscopical 
techniques  used  for  submicrometer  metrology.  New 
techniques  applied  to  scanning  electron  microscopy 
have  improved  some  of  the  limitations  of  this  technique 
and  time  will  permit  even  further  improvements.  This 
presentation  will  review  the  current  state  of  scanning 
electron  microscope  (SEM)  metrology  in  light  of  many 
of  these  recent  improvements. 
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Accurate  dimensional  metrology  of  the  submicrometer 
gold  absorber  structures  of  x-ray  masks  can  be  accom- 
plished in  the  scanning  electron  microscope  (SEM). 
This  is  possible  because  the  x-ray  masks  present  a 
measurement  object  that  is  unique  from  most  other  ob- 
jects viewed  in  the  SEM.  This  is  because  the  silicon 
support  membrane  is,  by  design,  x-ray  transparent. 
The  characteristic  can  be  used  as  a  distinct  advantage 
in  electron  beam-based  mask  metrology  since,  de- 
pending upon  the  incident  electron  beam  energies, 
substrate  composition  and  substrate  thickness,  the 
membrane  can  also  be  essentially  electron  trans- 
parent. The  area  of  the  mask  where  the  absorber  struc- 
tures are  located  are  essentially  x-ray  opaque,  as  well 
as,  electron  opaque.  Viewing  the  sample  from  a  per- 
spective below  the  mask,  by  placing  an  electron  detec- 
tor beneath  the  mask,  provides  excellent  electron  sig- 
nal contrast  between  the  absorber  structure  and  the 
base  membrane. 
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A  new  physics-based  model  for  time  dependent  dielec- 
tric breakdown  has  been  developed,  and  is  presented 
along  with  test  data  obtained  by  NIST  on  oxides  pro- 
vided by  National  Semiconductor.  Testing  included 
fields  from  5.4  MV/cm  to  12.7  MV/cm,  and  tempera- 
tures ranging  from  60C  to  400C.  The  physics,  mathe- 
matical model,  and  test  data,  all  confirm  a  linear,  rather 
than  an  inverse  field  dependence.  The  primary  influ- 
ence on  oxide  breakdown  was  determined  to  be  due 
to  the  dipole  interaction  energy  of  the  field  with  the  ori- 
entation of  the  molecular  dipoles  in  the  dielectric.  The 
resultant  failure  mechanism  is  shown  to  be  the  forma- 
tion and  coalescence  of  vacancy  defects,  similar  to  that 
proposed  by  Dumin  et  al. 
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Time-dependent  dielectric  breakdown  (TDDB)  charac- 
teristics are  reported  for  6.5  ran,,  9nm,  15  nm,  and  22 
nm  intrinsic  silicon  dioxide  films  stressed  under  dc  and 
bipolar  pulsed  stress  conditions  for  a  wide  range  of 
electric  fields  and  temperatures.  The  authors  results 
show  that  the  increased  ifetime  observed  under  bipolar 
pulsed  stress  conditions  diminishes  as  the  stress  elec- 
tric field  and  oxide  thickness  are  reduced.  Similar  elec- 
tric field  and  temperature  dependencies  of  TDDB  are 
observed  under  both  static  and  dynamic  stress  condi- 
tions. It  is  observed  that  lifetime  enhancement  only  oc- 
curs for  electric  fields  and  thicknesses  where  charge 
trapping  is  significant.  Contradictory  to  the  convention 
notion,  TDDB  tests  on  intrinsic  thin  oxides  indicate  that 
static  stress  testing  cannot  be  considered  as  a  con- 
servative test  of  bipolar  stressing  for  estimating  oxide 
reliability.  These  results  also  confirm  the  existence  of 
two  separate  failure  mechanisms  for  TDDB  that  are 
function  of  electric  field  and  oxide  thickness. 
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The  purpose  of  this  work  is  to  explore  the  use  of  elec- 
trical test  structures  for  calibrating  optical  overlay  in- 
struments with  respect  to  certain  application-depend- 
ent errors  which  are  otherwise  expected  to  become  a 
serious  impediment  to  realization  of  the  goals  of  the 
National  Technology  Roadmap  for  Semiconductors 
over  the  next  decade.  A  new  hybrid  test  structure,  from 
which  overlay  measurements  can  be  extracted 
electricallty,  as  well  as  by  optical  instruments  used  for 
inspecting  production  wafers,  has  been  designed  and 
fabricated  with  built-in  overlay  values  ranging  from  -60 
to  +60  nm.  Structures  patterned  in  a  single  conducting 
film  and  having  critical-dimension  (CD)  design-rules 
ranging  from  1.0  to  2.0  micrometers  have  been  tested. 
Electrical  overlay  parameters,  derived  from  multiple 
step-and-repeat  exposure-site  measurements,  gen- 
erally match  the  corresponding  optical  parameters  to 
within  several  nanometers,  subject  to  nominal  quality 
of  the  pattern-replication  process.  The  paper  focuses 
on  the  analysis  of  electrical  measurements,  their  de- 
pendence on  CD  design  rules,  and  their  comparison 
with  the  corresponding  measurements  made  both  by 
a  commercial  optical-overlay  instrument  and  by  a  co- 
ordinate-measurement system  having  measurements 
traceable  to  absolute  dimensional  standards. 
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The  National  Technology  Roadmap  for  Semiconduc- 
tors calls  for  development  of  two-  and  three-dimen- 
sional dopant  profiling  methods  for  calibration  of  tech- 
nology computer-aided  design  process  simulators.  The 
authors  have  previously  reviewed  2D  dopant  profiling 
methods.  In  the  particle,  the  authors  briefly  review 
methods  used  to  characterize  etched  transistor  cross 
sections  by  expanding  the  previous  discussion  of 
scanned  probe  microscopy  methods.  They  also  men- 
tion the  need  to  participate  in  the  ongoing  comparison 
of  analysis  results  for  test  structures  that  the  authors 
have  provided  the  community. 
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Photoreflectance  (PR)  is  a  powerful,  contactless,  and 
nondestructive  technique  capable  of  probing  interband 
electronic  transitions  and  built-in  electric-fields  at  the 
surface  and  in  interface  regions  in  semiconductor  ma- 
terials and  microstructures.  It  has  been  widely  used  as 
a  characterization  too.  Howevr,  its  application  to  highly 
luminscent  systems,  such  as  quantum-well  (QW)  la- 
sers and  samples  with  poor  surface  morphology  has 
been  limited  because  of  the  difficulty  in  minimizing  the 
interference  from  the  luminescence  and  the  pump 
beam  that  is  scattered  from  the  surface.  The  authors 
present  a  double  modulation  procedure  where  both  the 
probe  and  pump  beams  are  modulated  which  allows 
the  PR  component  to  be  completely  separated  from 
the  luminescence  and  scattered  contributions.  The 
separation  is  achieved  through  the  appropriate  choice 
of  modulation  frequencies  and  specially  designed 
tuned  amplifiers.  A  complete  PR  system,  along  with  the 
necessary  circuits,  is  presented.  In  addition,  the  au- 
thors have  also  exploited  the  freedom  provided  by  the 
system  to  choose  any  pump  wavelength  to  selectively 
modulate  specific  regions  of  the  multilayer  structure 
(QW,  barrier,  and  cladding  layer)  and  extract  detailed 
information  regarding  the  properties  of  each  layer. 
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The  defects  and  microsructure  of  low-dose  (less  than 
0.7  x  10  to  the  18th  power  cm  to  the  minus  2  power), 
oxygen-implanted  silicon-on-insulator  (SIMOX)  mate- 
rial were  investigated  as  a  function  of  implant  dose  and 
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annealing  temperature  by  plan-view  and  cross-sec- 
tional transmission  electron  microscopy.  The  thread- 
ing-dislocations  in  low-dose  (0.2  approximately  0.3  x 
1 0  to  the  1 8  power  cm  to  the  minus  2  power),  annealed 
SIMOX  originate  from  unfaulting  of  long  (approximately 
10  micrometer),  shallow  (0.3  micrometer),  extrinsic 
stacking  faults  generated  during  the  ramping  stage  of 
annealing.  As  dose  increases,  the  defect  density  is  re- 
duced and  the  structure  of  the  buried  oxide  layer 
evolves  dramatically.  It  was  found  that  there  is  a  dose 
window  which  gives  a  lower  defect  density  and  a  con- 
tinuous buried  oxide  with  a  reduced  density  of  Si  is- 
lands and  the  buried  oxide. 
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Measurements  of  the  linewidths  of  submicrometer  fea- 
tures made  by  different  metrology  techniques  have  fre- 
quently been  characterized  by  differences  of  up  to  90 
nm.  The  purpose  of  the  work  reported  here  is  to  ad- 
dress the  special  difficulties  that  this  phenomenon  pre- 
sents to  the  certification  of  reference  materials  for  the 
calibration  of  linewidth-measurement  instruments.  Ac- 
cordingly, a  new  test  structure  has  been  designed  and 
fabricated,  and  has  undergone  preliminary  tests.  Its 
distinguishing  characteristics  are  assured  cross-sec- 
tional profile  geometries  with  known  side-wall  slopes, 
surface  planarity,  and  compositional  uniformity  when 
it  is  formed  in  mono-crystalline  material  at  selected  ori- 
entations to  the  crystal  lattice.  To  allow  the  extraction 
of  electrical  linewidth,  the  structure  is  replicated  in  a 
silicon  film  of  uniform  conductivity  which  is  separated 
from  the  silicon  substrate  by  a  buried  oxide  layer.  The 
utilization  of  a  silicon-on-insulator  (SOI)  substrate  fur- 
ther allows  the  selective  removal  of  substrate  material 
from  local  regions  below  the  reference  features,  thus 
facilitating  measurements  by  optical  and  electron- 
beam  transmission  microscopy.  The  combination  of 
planar  feature  surfaces  having  known  side-wall  slopes 
is  anticipated  to  eliminate  factors  which  are  believed 
to  be  responsible  for  methods  divergence  in  linewidth 
measurements,  a  capability  which  is  a  prerequisite  for 
reliable  certification  of  the  linewidths  of  features  on  ref- 
erence materials. 
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The  authors  demonstrate  low-voltage  operation  of  a 
strained  InGaAs-GaAs  interdigitated  hetero  n-i-p-i 
modulator  (or  stacked  SEED)  that  is  grown  and  fab- 
ricated using  a  shadow-mask  growth  technique  for 
making  the  metal  contacts  to  the  n-  and  p-layers  sepa- 
rately. An  absorption  change  of  6  x  10  to  the  3rd  power 
cm  to  the  minus  1  with  an  applied  bias  as  low  as  ap- 
proximately 1  V  is  observed  in  an  unoptimized  struc- 
ture. Optical  switching  of  the  unbiased  structure  is  also 
demonstrated. 
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Coplanar  waveguides  were  fabricated  in  standard 
complimentary  metal-oxide  semiconductor  (CMOS) 
with  post-processing  micromachining.  IC's  were  de- 
signed with  commercial  CAD  tools,  fabricated  through 
the  MOSIS  service,  and  subsequently  suspended  by 
maskless  top-side  etching.  Absence  or  the  lossy  silicon 
substrate  after  etching  results  in  significantly  improved 
insertion  loss  characteristics,  dispersion  characteris- 
tics, ad  phase  velocity.  Measurement  were  performed 
at  frequencies  from  1  to  40  GHz,  before  and  after 
micromachining.  These  show  improvement  in  loss 
characteristics  of  orders  of  magnitude. 
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A  research  code  has  been  written  to  solve  an  elliptic 
system  of  coupled  non-linear  partial  differential  equa- 
tions of  conservation  form  on  a  rectangularly  shaped 
three-dimensional  domain.  The  code  uses  the  method 
of  collocation  of  Gauss  points  with  tricubic  Hermite 
piecewise  continuous  polynomial  basis  functions.  The 
system  of  equations  is  solved  by  iteration.  The  system 
of  non-linear  equations  is  linearized,  and  the  system 
of  linear  equations  is  solved  by  iterative  methods. 
When  the  matrix  of  the  collocation  equations  is  duly 
modified  by  using  a  scaled  block-limited  partial  pivoting 
procedure  of  Gauss  elimination,  it  is  found  that  the  rate 
of  convergence  of  the  iterative  method  is  significantly 
improved  and  that  a  solution  becomes  possible.  The 
code  is  used  to  solve  Poisson's  equation  for  a  model 
semiconductor  problem.  The  electric  potential  distribu- 
tion is  calculated  in  a  metal-oxide-semiconductor  struc- 
ture that  is  important  to  the  fabrication  of  electron  de- 
vices. 
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Time-dependent  dielectric  breakdown  data  collected 
from  6.5-,  9-,  15-,  20-,  and  22.5-nm-thick  Si02  films 
are  presented.  The  failure  distributions  are  of  single 
mode  with  no  apparent  extrinsic  population.  The  loga- 
rithm of  the  median-test-time-to-failure,  Iog(t50)  is  de- 
scribed by  a  linear  electric-field  dependence.  Contrary 
to  reports  in  earlier  studies,  the  field-acceleration  pa- 
rameter is  observed  to  be  insensitive  to  temperature 
and  has  a  value  to  approximately  1 .0  decade/Mv/cm 
for  the  range  of  oxide  thicknesses  studied.  Capaci- 
tance-voltage studies  indicate  that  there  is  no  strong 
correlation  between  oxide  trapped  charges  and  time- 
to-failure  under  constant  voltage  stress  conditions. 
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The  purpose  of  this  document  is  to  establish  perform- 
ance requirements  and  test  methods  for  rechargeable 
(secondary)  batteries  used  in  personal/portable 
transceivers  by  law  enforcement  agencies.  The  scope 
of  this  standard  is  limited  to  nickel-cadmium  secondary 
batteries. 
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The  vulnerability  of  electrical  transmission  and  tele- 
communication facilities  to  damage  in  past  earth- 
quakes, as  well  as  available  standards  and  tech- 
nologies to  protect  these  facilities  against  earthquake 
damage  are  reviewed.  An  overview  is  presented  of 
measures  taken  by  various  Federal  agencies  to  protect 
electrical  transmission  and  telecommunication  facilities 
against  earthquake  hazards.  It  is  concluded  that  while 
most  new  facilities  which  are  owned  and  operated  by 
Federal  agencies  are  presently  designed  to  provide 
some,  though  not  necessarily  adequate,  earthquake 
resistance,  there  generally  is  no  effort  to  retrofit  exist- 
ing facilities.  No  evidence  was  found  of  requirements 
to  protect  electrical  transmission  and  communication 
facilities  which  have  major  contractual  obligations  to 
serve  the  Federal  Government  and  only  limited  seismic 
design  requirements  are  stipulated  for  electrical  trans- 
mission systems  constructed  with  Federal  funding. 
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It  is  well  established  in  the  economics  literature  that 
investments  in  measurement-related  technology  re- 
search by  Federal  laboratories  represents  an  important 
resource  commitment  to  the  innovation  process,  and 
that  these  investments  have  a  significant  impact  on 
economic  growth.  The  purpose  of  this  study  is  to  iden- 
tify, and  quantify  where  possible,  the  net  economic 
benefits  associated  with  the  NIST  Power  and  Energy 
Calibration  Project.  The  NIST  services  from  the  project 
that  are  considered  in  this  report  are:  (1)  maintenance 
of  the  national  standard  for  the  watthour;  (2)  research 
to  lower  the  level  of  uncertainty  associated  with 
watthour  revenue  meters;  (3)  general  technical  support 
to  industry  associated  with  measurement  activities.  For 
this  particular  study,  the  calculation  of  a  benefit-to-cost 
ratio  is  believed  to  be  the  most  reliable  evaluation  met- 
ric. This  ratio  is  computed  as  the  ratio  of  benefits  (re- 
ceived by  economic  units  directly  dependent  on  the  ac- 
tivities of  the  NIST  power  and  energy  calibration  serv- 
ices) to  the  costs  to  society  to  generate  those  benefits, 
namely  the  cost  to  operate  the  Power  and  Energy  Cali- 
bration Project.  An  alternative  metric,  an  internal  rate 
of  return  measure,  is  also  presented  in  this  report  in 
order  to  facilitate  a  comparison  of  the  benefit-to-cost 
result  to  the  results  from  similar  studies. 
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A  survey  was  conducted  to  assess  the  economic  im- 
pact of  the  NIST  Power  and  Energy  Calibration  serv- 
ice. Information  was  sought  from  electric  utilities,  man- 
ufacturers, testing  laboratories,  and  Public  Utilities 
Commissions  on  the  structure  of  their  operations  and 
the  economic  aspects  of  the  existence  of  traceability 
to  National  Standards  by  NIST.  The  information  re- 
turned by  the  respondents  was  not  sufficiently  com- 
prehensive and  consistent  to  allow  broad  generaliza- 
tion leading  to  reliable  assessment  of  the  economic  im- 
pact of  the  NIST  services.  However,  the  technical  im- 
pact of  these  services  was  sufficiently  documented  to 
present  this  report  describing  the  infrastructure  and  the 
relationships  among  the  stakeholders. 
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Cascading  surge  protection  devices  located  at  the 
service  entrance  of  a  building  and  near  the  sensitive 
equipment  is  intended  to  ensure  that  each  device 
shares  the  surge  stress  in  an  optimum  manner  to 
achieve  reliable  protection  of  equipment  against 
surges  impinging  from  the  utility  supply.  However,  de- 
pending on  the  relative  clamping  voltages  of  the  two 
devices,  their  separation  distance,  and  the  waveform 
of  the  impinging  surges,  the  coordination  may  or  may 
not  be  effective.  The  paper  provides  computations  with 
experimental  verification  of  the  energy  deposited  in  the 


devices  for  a  matrix  of  combinations  of  these  three  pa- 
rameters. Results  show  coordination  to  be  effective  for 
some  combinations  and  ineffective  for  some  others, 
which  is  a  finding  that  should  reconcile  contradictory 
conclusions  reported  by  different  authors  making  dif- 
ferent assumptions.  From  these  results,  improved  co- 
ordination can  be  developed  by  application  standards 
writers  and  system  designers. 
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The  basic  and  critical  parameters  for  a  successful  co- 
ordination of  cascaded  surge-protective  devices  in- 
clude the  relative  voltage  clamping  of  the  two  devices, 
their  electrical  separation  through  wiring  inductance, 
and  the  actual  waveform  of  the  impinging  surge.  The 
authors  examine  in  detail  the  implications  of  the  situa- 
tion resulting  from  the  present  uncoordinated  applica- 
tion of  devices  with  low  clamping  voltage  at  the  end 
of  branch  circuits  and  devices  with  higher  clamping 
voltage  at  the  service  entrance.  As  an  alternative,  sev- 
eral options  are  offered  for  discussion,  that  might  result 
in  effective,  reliable  implementation  of  the  cascaded 
protection  concept. 
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Cascading  two  or  more  surge-protective  devices  lo- 
cated at  the  service  entrance  of  a  building  and  near 
sensitive  load  equipment  is  done  to  ensure  that  each 
device  shares  the  surge  stress  in  a  manner  commen- 
surate with  its  rating.  The  final  purpose  is  to  achieve 
reliable  protection  of  equipment  against  surges  imping- 
ing from  the  utility  supply,  as  well  as  internally  gen- 
erated surges.  Coordination  may  or  may  not  be  effec- 
tive, depending  upon  the  relative  clamping  voltages  of 
the  two  devices,  their  separation  distance,  and  the 
waveform  of  the  impinging  surge.  The  article  presents 
the  results  of  computations,  confirmed  by  measure- 
ments of  the  energy  deposited  in  the  devices  for  com- 
binations of  these  three  parameters.  From  these  re- 
sults, a  suggestion  is  made  on  a  possible  approach  to 
a  coordinated  scheme.  However,  without  consensus 
among  interested  parties,  some  questions  remain  on 
the  likelihood  of  ensuring  coordination  for  all  possible 
circumstances. 
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This  project  is  directed  at  the  reduction  of  valve  reces- 
sion in  natural  gas-fueled  engines.  Ceramic  valve  seat 
inserts  have  been  procured,  installed  in  a  Caterpillar 
G3516  natural  gas  generator  set,  and  tested  for  1000 
hours.  Two  different  silicon  nitride  materials  are  being 
utilized  for  the  valve  seats  in  addition  to  stock  Eatonite 
metallic  inserts.  Three  valve  face  materials  are  being 
tested.  These  include  stock  Caterpillar  stellite  1  faced, 
stellite  6  faced,  and  unfaced  valves.  A  test  matrix  was 
used  to  allow  comparison  of  all  three  valve  face  mate- 
rials in  combination  with  all  three  insert  materials.  The 
testing  is  scheduled  to  continue  for  an  additional  7000 
hours.  No  problems  have  been  encountered  with  the 
test  materials.  In  general,  it  has  been  shown  that  two 
types  of  silicon  nitride  materials  have  at  least  short 
term  durability  in  engine  operation.  Neither  material 
has  exhibited  any  deficiencies  thus  far.  An  economic 
analysis  spreadsheet  has  been  created  to  calculate 
potential  cost  savings  potential  using  ceramic  valve 
seat  inserts.  Valve  recession  data  for  the  first  1000 
hours  shows  expected  trends.  Exhaust  valve  positions 
are  wearing  more  than  intake  valve  positions.  If  the  in- 
take positions  and  all  positions  with  unfaced  valve  are 
ignored,  then  ceramic  inserts  paired  with  Stellite  1 
valves  show  the  most  wear. 


Environmental  Studies 


02,467 

PB94-212388       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Gaithersburg,  MD.  Electricity  Div. 

Investigation  of  S2F10  Production  and  Mitigation 

in  Compressed  SF6-lnsulated  Power  Systems. 

Final  rept. 

D.  R.  James,  I.  Sauers,  G.  D.  Griffin,  K.  L.  Stricklett, 

F.  Y.  Chu,  J.  R.  Robins,  H.  D.  Morrison,  R.  J.  Van 

Brunt,  and  J.  K.  Olthoff.  1993,  13p. 

Pub.  in  Institute  of  Electrical  and  Electronics  Engineers 

Electrical  Insulation  Magazine  9,  n3  p29-40,  51 ,  May/ 

Jun93. 

Keywords:  "Sulfur  fluorides,  "Electric  power  distribu- 
tion, "Insulation,  "Toxic  substances,  "Circuit  breakers, 
Air  pollution,  Electrical  insulation,  Byproducts,  Oper- 
ation, Maintenance,  Electric  discharges,  Reprints. 

A  Cooperative  Research  and  Development  Agreement 
(CRADA)  has  been  established  to  study  the  production 
and  mitigation  of  S2F10  (disulfur  decafluoride),  one  of 
a  number  of  toxic  by-products  formed  in  electrical  dis- 
charges in  the  insulating  gas  SF6.  The  particular  con- 
cern for  S2F10  is  due  to  its  highly  toxic  nature,  the  Ceil- 
ing Limit  Value  being  10  parts  per  billion  (ppb,  or  1  part 
in  10  to  the  8th  power)  and  the  need  for  development 
of  sensitive  detection  techniques  down  to  this  level. 
There  are  a  large  number  of  SF6  gas-insulated  electric 
power  systems  already  in  service  in  North  America, 
particularly  circuit  breakers.  SF6  is  extensively  used  as 
an  insulation  and  current  interruption  medium  in  power 
circuit  breakers,  compressed  gas  transmission  lines 
and  various  components  in  substations.  Ensuring  the 
safe  operation  and  maintenance  of  this  equipment  is 
an  important  issue  for  utilities,  government  agencies, 
and  manufacturers. 
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A  Cooperative  Research  and  Development  Agreement 
(CRADA)  was  established  in  1991  to  study  the  produc- 
tion and  mitigation  of  S2F10  (disulfur  decafluoride), 
one  of  a  number  of  toxic  by-products  formed  by  elec- 
trical discharges  in  the  insulating  gas  SF6.  Since  com- 
pressed SF6  is  extensively  used  as  an  insulation  and 
current  interruption  medium  in  electric  power  equip- 
ment, ensuring  the  safe  operation  and  maintenance  of 
this  equipment  is  an  important  issue  for  utilities,  gov- 
ernment agencies,  and  manufacturers.  The  particular 
concern  for  S2F  is  due  to  (1)  its  highly  toxic  nature: 
the  Threshold  Limit  Value  -  Ceiling  (TLV-C)  is  10  ppbv 
(1  ppbv  =  1  part  in  10  to  the  9th  power  by  volume  = 
1  nL/L),  the  level  which  can  not  be  exceeded  during  any 
part  of  the  working  exposure;  and  (2)  the  lack  of  sen- 
sitive detection  techniques  down  to  the  TLV-C. 
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The  tables  given  are  based  on  an  investigation  of 
American  petroleum  oils  carried  out  by  the  National 
Bureau  of  Standards,  and  the  arrangement  is  largely 
according  to  the  recommendations  of  a  committee  ap- 
pointed by  the  American  Petroleum  Institute  to  rep- 
resent the  petroleum  industry.  In  order  to  overcome  the 
confusion  that  has  existed  in  the  petroleum-oil  industry 
by  reason  of  the  use  of  two  so-called  Baume  scales 
for  light  liquids,  the  American  Petroleum  Institute,  the 
U.  S.  Bureau  of  Mines,  and  the  National  Bureau  of 
Standards,  in  December  1921,  agreed  to  recommend 
that  in  the  future  only  the  scale  based  on  the  modulus 
141.5  be  used  in  the  petroleum-oil  industry,  and  that 
it  be  known  as  the  A.  P.  I.  scale.  The  relation  of  de- 
grees A.  P.  I.  to  specific  gravity  is  expressed  by  the 
formula. 
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The  objectives  of  this  project  are  to  develop  state-of- 
the-art  experimental  apparatus  that  can  be  used  to 
measure  the  thermophysical  properties  of  a  wide  range 
of  fluids  and  fluid  mixtures  important  to  the  energy, 
chemical,  and  energy-related  industries  and  to  carry 
out  carefully  selected  benchmark  measurements  on 
key  systems.  The  measurement  capabilities  to  be  de- 
veloped include  new  apparatus  for  transport  prop- 
erties, thermodynamic  properties,  phase  equilibria 
properties,  and  dielectric  properties.  The  specific 
measurement  capabilities  to  be  developed  are:  thermal 
conductivity  apparatus;  vibrating  wire  viscometer;  dual- 
sinker  densimeter;  high-temperature  vibrating  tube 
densimeter;  dynamic  phase  equilibria  apparatus;  ap- 
paratus for  dilute  solutions;  total-enthalpy  flow  calo- 
rimeter; and  dielectric  constant  apparatus.  The  re- 
search also  includes  benchmark  experimental  meas- 
urements on  pure  and  mixed  alternative  refrigerants 
and  their  mixtures  with  lubricants,  on  aqueous  solu- 
tions, and  on  carefully  selected  systems  consisting  of 


species  of  diverse  size  (methane  +  neopentane)  and 
polarity  (methane  +  ammonia)  that  are  important  for 
the  development  of  predictive  models  for  energy-relat- 
ed fluids. 
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A  low  temperature  redox  catalyst  is  combined  with  an 
H(sub  2)S  selective  membrane  to  create  a  composite- 
catalytic-membrane-reactor  (CCMR)  to  help  reach 
pipeline-quality  natural  gas  H(sub  2)S  levels  of  below 
4  ppM.  The  goal  of  this  program  is  to  identify  the  appar- 
ent kinetic  and  mass  transfer  parameters  for  the 
CCMR.  Using  these  kinetic  and  mass  transfer  param- 
eters a  preliminary  process  design  can  be  made  to  as- 
certain the  potential  of  this  technology  for  replacement 
of  conventional  amine  scrubbing  and  Claus  sulfur  re- 
covery processes.  In  pursuit  of  this  goal  the  project 
contains  the  following  activities:  construction  of  reactor 
and  mass  transfer  equipment  suitable  for  accurate 
measurements  and  safe  handling  of  pure  H(sub  2)S; 
initial  proof-of-concept  experiments  with  a  prototype 
CCMR;  obtain  literature  data  and  develop  thermo- 
dynamic models  for  multicomponent  natural  gas  com- 
ponents' solubility  in  electrolyte  solutions;  make  phys- 
ical and  chemical  measurements  on  the  catalyst;  ob- 
tain kinetic  data  using  a  3-phase  slurry  reactor;  obtain 
kinetic  data  for  a  catalytic  membrane  under  varying 
mass  transfer  conditions;  develop  mathematical  mod- 
els to  guide  experimental  work  and  for  interpretation 
of  results;  optimize  the  permselective  membrane  part 
of  the  CCMR  using  commercially  available  materials; 
further  proof-of-concept  experiments  with  an  optimized 
CCMR;  and  develop  preliminary  process  design  and 
economic  analysis  for  the  use  of  a  CCMR  in  gas  clean- 
up. 
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The  U.S.  gas  industry  standard  for  computing 
thermophysical  properties  is  the  A.G.A.  Transmission 
Measurement  Committee  Report  No.  8  equation  of 
state  (AGA  8).  The  report  summarized  the  results  from 
several  experimental,  theoretical,  and  modeling  pro- 
grams directed  at  the  extensive  evaluation  of  the  accu- 
racy with  which  various  types  of  natural  gas  physical 
properties  can  be  calculated  using  AGA  8  and  related 
methods.  The  most  important  results  were  the  assem- 
bly of  benchmark  data  sets  for  speed  of  sound,  viscos- 
ity, fugacity,  heat  capacity,  critical  region  PVT.  mixture 
compressibilities,  and  vapor  pressure  measurements 
for  natural  gas  fluids. 
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An  experimental  and  theoretical  study  of  radiative 
feedback,  burning  rates,  radiative  heat  loss  fractions, 
and  flame  heights  for  pool  fires  with  diameters  ranging 
from  4.6  cm  to  100  cm  was  completed.  Transient 
measurements  of  soot  and  temperature  distributions 
were  obtained  in  7.1  cm  and  30  cm  heptane  and  tolu- 
ene fires  using  a  three-wavelength  emission/absorp- 
tion probe.  The  heat  release  rates  of  the  fires  varied 
from  0.6  kW  to  2,166  kW  allowing  a  study  over  a  wide 
range.  A  variety  of  fuels  were  tried  but  most  of  the 
measurements  were  restricted  to  methanol,  heptane, 
and  toluene  as  representatives  of  the  alcohols, 
paraffins  and  aromatics.  Radiative  feedback  was 
measured  using  a  new  in  situ  purged  optical  probe  in- 
serted at  the  level  of  the  fuel  surface.  Measurements 
of  reflection  of  energy  from  the  fuel  surface  were  also 
obtained. 
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Higher  heating  values  on  a  dry  basis  (HHV2)  meas- 
ured and  those  calculated  from  elemental  analyses  of 
over  140  biomass  and  waste  component  materials 
have  been  compared.  The  data  was  evaluated  by  six 
higher  heating  value  formulas.  The  Vondracek  formula 
was  found  to  give  the  best  agreement  between  cal- 
culated and  measured  heating  values  over  a  wide 
range  (10  to  47  MJ/kg).  This  was  evident  by  the  good 
linear  correlation  between  measured  and  calculated 
HHV2's.  Standard  reference  materials  also  have  been 
evaluated  and  shown  generally  to  give  good  agree- 
ment. The  calculation  of  higher  heating  values  from 
elemental  analyses  is  a  good  check  for  the  reliability 
of  a  material's  composition  and  heating  value  meas- 
urements in  most  cases.  Materials  with  differences  be- 
tween calculated  and  measured  higher  heating  values 
in  excess  of  6  percent  should  be  considered  suspect 
and  examined  closely. 
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The  objective  of  the  project  was  to  assess  the  non- 
destructive evaluation  (NDE)  technology  that  may  be 
applied  to  natural  gas  steel  pipelines  for  the  detection 
of  stress  corrosion  cracking  (SCC).  In  particular,  the 
application  of  such  technology  would  be  from  the  in- 
side of  the  pipe  while  the  pipeline  is  in  service,  and 
inspection  commonly  called  in-line  inspection  (ILI).  The 
assessment  focused  on  two  basic  NDE  methods, 
ultrasonics  and  electromagnetics  (including  magnetic 
flux  leakage).  A  third  technology  was  data  acquisition/ 
analysis  systems.  Based  on  the  experience  of  British 
Gas  (BG)  and  others  doing  SCC  inspections  in  dif- 
ferent industries,  crack  discrimination  is  the  important 
challenge  for  any  such  inspection  system. 
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A  method  for  estimating  the  radiative  heat  loss  fraction 
is  developed  for  non-premixed  flames  in  a  poor  fire 
configuration.  An  experimental  investigation  of  small  to 
intermediate  pool  flames  shows  that  a  particular  loca- 
tion can  be  determined  such  that  a  single  radiance 
measurement  yields  an  adequate  estimate  of  the  radi- 
ative heat  loss  fraction.  The  procedure  is  tested  on  a 
variety  of  fuels  which  yield  flames  over  a  wide  range 
of  luminosities  and  values  of  radiative  heat  loss  frac- 
tion. 
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The  measurement  of  the  radiative  heat  feedback  to  the 
fuel  surface  of  fires  burning  in  a  pool  fire  configuration 
is  discussed.  Radiative  feedback  in  a  30cm  methanol 
pool  is  compared  to  total  heat  feedback.  Measure- 
ments show  that  the  radiative  flux  decreases  from  pool 
center  towards  the  pool  edge. 
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The  structure  of  methanol  and  methanol/dodecanol 
mixture  spray  flames  has  been  examined.  The  mixture 
was  studied  in  order  to  obtain  evidence  for  the  occur- 
rence of  microexplosions.  Droplet  size  and  velocity 
measurements  were  carried  out  under  burning  condi- 
tions using  phase/Doppler  interferometry.  Laser  sheet 
beam  photography  was  used  to  observe  the  global  fea- 
tures of  the  spray  within  the  nonluminous  portion  of  the 
flames.  Droplet  size  and  velocity  distributions  near  the 
nozzle  exit  were  found  to  be  similar  and  monomodal 
for  both  fuels.  Further  downstream  in  the  mixture  flame 
the  velocity  distribution  became  bimodal  near  the  spray 
boundary  along  with  a  change  in  size  distribution  to 
smaller  droplets  and  an  increase  in  number  density. 
These  results  suggest  that  microexplosions  may  occur 
in  50/50  mixtures  of  methanol/dodecanol  spray  flames. 
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Studies  with  alternative  fuels  (i.e.,  methanol  and  etha- 
nol)  are  of  particular  interest  because  of  the  current  ini- 
tiative to  gradually  replace  the  limited  supply  of  con- 
ventional fossil  fuels  (i.e.,  gasoline,  heating  oils,  etc.). 
Alcohol-based  fuels  are  attractive,  since  they  bum 
more  cleanly  and  represent  a  potential  to  reduce  the 
environmental  impact  of  combustion  processes.  Inves- 
tigation of  the  effect  of  alcohol  fuels  on  spray  and  flame 
characteristics  (i.e.,  droplet  size  and  velocity)  is  impor- 
tant since  chemical  and  physical  properties  of  the  fuel 
have  a  significant  influence  upon  droplet  atomization, 
vaporization,  transport,  combustion,  and  pollutant  and 
particulate  formation  processes.  The  paper  examines 
the  effects  of  physical  and  chemical  properties  of  two 
alcohol  fuels  on  droplet  transport  processes  of  swirling 
spray  flames.  Experiments  were  carried  out  with  meth- 
anol and  a  miscible  mixture  of  methanol/1 -dodecanol. 
The  mixture  fuel  was  selected  to  investigate  the  possi- 
bility of  microexplosions  in  spray  flames.  Droplet  size 
and  velocity  distributions  were  obtained  using  a  phase/ 
Doppler  system.  Laser  sheet  beam  photography  was 
also  used  to  observe  the  internal  features  of  pressure- 
atomized  spray  flames. 


02,480 

PB95-1 08569       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (NML), 

Gaithersburg,  MD.  Chemical  Process  Metrology  Div. 

Structure  of  a  Swirl-Stabilized  Kerosene  Spray 

Flame. 

Final  rept. 

C.  Presser,  A.  K.  Gupta,  and  H.  G.  Semerjian.  1990, 
4p. 

Sponsored  by  Department  of  Energy,  Washington,  DC. 
Pub.  in  Proceedings  of  Fall  Technical  Meeting  Chemi- 
cal and  Physical  Processes  in  Combustion,  Orlando, 
FL,  December  3-5, 1990,  p81-1-81-4. 

Keywords:  'Kerosene,  'Swirling,  'Spraying,  'Flames, 
Velocity  distribution,  Atomization,  Drops(Liquids), 
Laser  doppler  velocimeters,  Combustion,  Reprints. 

The  interaction  of  the  fuel  spray  with  the  surrounding 
combustion  air,  in  particular  near  the  spray  boundary, 
affects  its  combustion  and  emission  characteristics. 
Near  the  spray  boundary,  droplets  of  many  different 
sizes,  traveling  at  different  velocities,  are  expected  to 
be  found.  In  addition,  combustion  air  swirl  affects  fuel/ 
air  mixing  and  modifies  the  entire  spray  pattern.  There- 
fore, spatially  and  temporally  resolved  information 
about  the  effect  of  swirl  on  droplet  properties,  espe- 
cially near  the  spray  boundary,  is  important  for  under- 
standing the  structure  of  sprays  and  spray  flames.  The 
results  presented  demonstrate  the  strong  interaction 
between  the  spray  droplets  and  the  combustion  air 
flow,  which  significantly  modifies  the  flame  structure. 
They  also  demonstrate  the  need  to  assess  the  effect 
of  instrument  characteristics,  such  as  dynamic  range 
and  system  gain,  on  the  measurements  for  determina- 
tion of  accurate  mean  flow  properties. 
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On  January  2,  1988,  a  four  million  gallon  capacity  oil 
storage  tank  at  the  Ashland  Petroleum  Company 
Floreffe  Terminal  near  West  Elizabeth,  Pennsylvania, 
collapsed  as  it  was  being  filled  to  capacity  for  the  first 
time  since  its  reconstruction.  The  tank  had  been  dis- 
mantled in  Cleveland,  Ohio,  after  more  than  40  years 
of  service  and  reconstructed  at  the  Floreffe  site  in 
1986.  The  National  Institute  of  Standards  and  Tech- 
nology (NIST)  conducted  an  independent  investigation 
into  the  physical  cause  of  the  Ashland  tank  collapse. 


It  was  determined  that  the  failure  was  caused  by  a  brit- 
tle fracture  of  the  tank  shell  that  initiated  from  a  defect 
which  existed  prior  to  reconstruction  of  the  tank.  Com- 
plete rupture  of  the  tank  shell  occurred  because  the 
steel  did  not  possess  adequate  toughness  at  the  oper- 
ating temperature  to  prevent  brittle  fracture  propaga- 
tion. The  collapse  shows  the  importance  of  using  steel 
with  sufficient  fracture  toughness  to  prevent  propaga- 
tion of  a  brittle  fracture  in  tanks  whose  sudden  failure 
would  mean  unacceptable  human,  environmental  or 
economic  losses. 
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This  Closure  addresses  several  issues  raised  in  a  dis- 
cussion of  the  paper  titled,  'Ashland  Tank  Collapse  In- 
vestigation,' (PB95-126314)  which  appeared  in  the 
Journal  of  Performance  of  Constructed  Facilities, 
ASCE.  That  article  related  to  the  structural  failure  of 
a  four  million  gallon  capacity  oil  storage  tank  at  the 
Ashland  Petroleum  Company  Floreffe  Terminal  as  it 
was  being  fueled  to  capacity  for  the  first  time  since  its 
reconstruction. 
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The  U.S.  gas  industry  relies  upon  gas  chromatographic 
analysis  to  obtain  detailed  gas  compositional  informa- 
tion needed  for  determining  phase  equilibrium  behav- 
ior, thermophysical  properties,  and  compliance  with 
gas  quality  and  safety  engineering  specifications.  Anal- 
ysis of  the  C(6+)  fraction  constituents  of  natural  gas 
is  technically  complex  and  expensive.  The  assembly 
of  a  physical  properties  database  for  known  C(6+)  frac- 
tion constituents  is  needed  to  facilitate  the  develop- 
ment of  improved  chromatographic  separation  proce- 
dures for  analyzing  raw  and  processed  natural  gas 
streams  for  compliance  with  gas  quality  and  end  use 
specifications.  The  report  provides  a  critically  reviewed 
compilation  of  physical  properties  data  for  132  hydro- 
carbon compounds  identified  as  being  native  constitu- 
ents of  natural  gas,  21  gas  treatment  compounds,  and 
23  gas  odorant  compounds. 
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The  study  of  microbial  processes  for  the  removal  of  or- 
ganic and  inorganic  sulfur  from  coals  is  complicated 
by  the  lack  of  direct  methods  of  measurement  for  or- 
ganic sulfur  content  and  the  related  incomplete  under- 
standing of  the  specific  forms  of  organic  sulfur  in  coal. 
In  addition,  the  accessibility  of  specific  chemical 
groups  in  the  coal  matrix  to  microorganisms  and  their 
enzymes  is  uncertain,  raising  questions  about  the  na- 
ture and  validity  of  model  compound  studies.  Thus,  in- 
terpretation of  data  from  numerous  efforts  focused  on 
the  microbial  removal  of  inorganic  and  organic  sulfur 
from  coals  remains  controversial.  The  discussion  here 
reviews  recent  developments  in  the  chemical  charac- 
terization of  coal  sulfur  related  to  bioprocessing  re- 
search and  describes  some  of  our  recent  efforts  in  in- 
volving sulfur  transformations  by  hyperthermophilic 
archaebacteria. 
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A  detector  has  been  designed  and  built  for  the  gas 
chromatographic  detection  of  hydrocarbon  species, 
especially  in  plant  or  on-line  applications.  Detection  of 
the  temperature  change  that  occurs  as  a  result  of  the 
catalytic  cracking  of  hydrocarbons  is  the  functional 
basis  of  the  detector.  The  main  component  of  this  de- 
tector is  a  thermopile  bundle  constructed  with  type-K 
thermocouple  wire.  The  sensing  junctions  of  the  ther- 
mopile are  coated  with  a  catalyst  made  up  of  a  silicon 
dioxide-aluminum  oxide-zeolite  mixture.  The  tempera- 
ture change  associated  with  catalytic  cracking  occurs 
predominantly  on  the  catalyst  surface  and  is  measured 
by  the  thermopile.  The  thermopile  is  directly  connected 
to  an  electronic  integrator,  and  provides  a  signal  as  a 
result  of  the  temperature  change.  The  tests  that  were 
performed  to  characterize  the  performance  capabilities 
of  the  detector  are  reported.  In  addition,  variable  pa- 
rameters were  studied  to  determine  the  optimal  condi- 
tions for  obtaining  the  greatest  sensitivity  of  the  detec- 
tor. The  catalytic  cracking  detector  is  a  very  simple,  in- 
expensive, and  rugged  device  and  is  proposed  as  a 
potential  alternative  to  other  detectors  for  use  in  field 
or  plant  environments. 
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The  effect  of  fire  size  on  radiative  heat  loss  fraction 
kappafsub  r)  and  combustion  efficiency  kappafsub  a) 
was  examined  by  an  analysis  of  scale  for  pool  flames 
with  varying  diameter  (D).  Correlations  between  D  and 
kappa(sub  r)  or  kappa(sub  a)  were  obtained.  For  0.1m 
<  D  <  1m,  kappa(sub  r)  and  kappafsub  a)  are  relatively 
constant  and  independent  of  D.  For  larger  pool  diame- 
ters, kappa(sub  r)  decreases  with  increasing  D. 
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Recent  quantitative  OH(-)  measurements  and  relative 
data  for  H  atoms  and  CO  are  presented  for  a  CH4/ 
air  diffusion  flame.  These  results  have  been  obtained 
using  absorption,  laser-induced  fluorescence,  and 
multiphoton  ionization  technique. 
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Sulfur-oxidizing  mesophilic  (Thiobacillus  thiooxidans) 
and  sulfur-reducing  hyperthermophilic  (pyrococcus, 
Pyrodictium  and  others)  bacteria  are  used  as  probes 
of  specific  forms  of  sulfur  coal.  When  these  bacteria 
are  grown  in  medium  with  elemental  sulfur  or  simple 
polysulfides  (e.g.,  methyl  trisulfide,  cystine),  easily 
measured  products  which  are  diagnostic  of 
desulfurization  are  produced.  As  part  of  this  research, 
we  have  synthesized  model  compounds  which  might 
more  closely  approximate  some  of  the  forms  in  which 
sulfur  occurs  in  coal.  These  include:  (1)  organic  sulfur 
model  compounds  which  have  bulky  chemical  groups 
surrounding  the  sulfur  atoms  and  (2)  polymeric 
polysulfides.  Tests  on  these  polysulfides  will  clarify  the 
ability  of  the  above  bacteria  to  oxidize  or  reduce  var- 
ious forms  of  sulfur.  The  studies  are  also  providing  in- 
formation as  to  the  potential  for  these  microorganisms 
to  serve  as  probes  of  specific  functional  groups  in  coal 
and  for  the  microbiological  removal  of  sulfur  from  coal. 
Our  approach  could  be  extended  to  studies  of  large 
model  compounds  containing  sulfur  in  other  types  of 
linkages  such  as  heterocyclic  rings. 
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The  article  describes  the  National  Conference  on 
Weights  and  Measures  adoption  of  the  Gasoline  Gal- 
lon Equivalent  (GGE)  as  the  method  of  sale  for  com- 
pressed natural  gas  (CNG)  when  sold  at  reatil  as  an 
engine  fuel.  The  GGE  is  defined  as  5.660  Pounds 
CNG.  This  amount  of  CNG  approximates  the  equiva- 
lent energy  of  a  gallon  of  gasoline. 


02,490 

PB95-175188       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Boulder,  CO.  Thermophysics  Div. 
Measurement  of  Diffusion  in  Fluid  Systems:  Appli- 
cations to  the  Supercritical  Fluid  Region. 
Final  rept. 

T.  J.  Bruno.  1994,  5p. 

Pub.  in  Jnl.  of  Thermophysics  and  Heat  Transfer  8,  n2 
p329-3331994. 

Keywords:  'Diffusion  coefficient,  'Aviation  fuels, 
'Supercritical  fluids,  'Chromatography, 

Thermophysical  properties,  Diffusion, 

Concentration(Composition),  Solubility,  Binary  mix- 
tures, Chemical  analysis,  Nuclear  magnetic  reso- 
nance, Light  scattering,  Reprints. 

In  this  article,  the  experimental  procedures  that  are  ap- 
plicable to  the  measurement  of  diffusion  in  supercritical 


fluid  solutions  will  be  reviewed.  This  topic  is  of  great 
importance  to  the  proper  design  of  advanced  aircraft 
and  turbine  fuels,  since  the  fuels  on  these  aircraft  may 
sometimes  operate  under  supercritical  fluid  conditions. 
More  specifically,  we  will  consider  measurements  of 
the  binary  interaction  diffusion  coefficient  D(sub  12)  of 
a  solute  (species  1)  and  the  solvent  (species  2).  In  this 
discussion  the  supercritical  fluid  will  be  species  2,  and 
the  solute,  species  1,  will  be  at  a  relatively  low  con- 
centration, sometimes  approaching  infinite  dilution. 
After  a  brief  introduction  to  the  concept  of  diffusion,  we 
will  discuss  in  detail  the  use  of  chromatographic  meth- 
ods, and  then  briefly  treat  light  scattering,  nuclear  mag- 
netic resonance  spectra,  and  physical  methods. 
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The  fugacity  coefficients  of  hydrogen  in  (hydrogen  + 
butane)  were  measured  as  a  function  of  composition 
with  a  physical-equilibrium  technique  at  (temperature, 
pressure)  pairs  of  (433.15  K,  3.39  MPa),  (473.15  K, 
3.38  MPa),  (473.15  K,  22.65  MPa),  and  (523.15  K, 
3.42  MPa).  The  physical-equilibrium  technique  in- 
volved the  use  of  an  experimental  chamber  that  was 
divided  into  two  separate  regions  by  a  semipermeable 
membrane  through  which  hydrogen,  but  not  butane, 
could  permeate.  Measurement  of  the  gas  pressures  on 
each  side  of  the  membrane,  in  addition  to  a  measure- 
ment of  the  composition  and  the  system  temperature, 
allowed  the  calculation  of  the  fugacity  and  fugacity  co- 
efficient of  hydrogen  in  the  mixture.  The  qualitative  fea- 
tures of  the  measurements  are  discussed,  and  com- 
parisons are  made  with  predictions  obtained  from  the 
Redlich-Kwong  and  Peng-Robinson  models. 
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This  publication  provides  guidelines  for  evaluating  data 
from  the  advanced  mass  calibration  and  for  establish- 
ing measurement  assurance  programs  in  state  metrol- 
ogy laboratories.  The  NIST  Office  of  Weights  and 
Measures  (OWM)  will  use  these  guidelines  when  eval- 
uating data  for  laboratories  requesting  technical  sup- 
port or  accreditation  at  this  level. 
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Sliding  vane  tests  in  a  10-inch,  high  pressure,  natural 
gas  test  loop  conducted  at  the  Pacific  Gas  and  Electric 
company  in  January  1991  are  documented  in  this  vol- 
ume. The  work  is  part  of  cooperative  research  in  flow 
conditioning  aimed  offer  technical  support  for  revisions 
of  industry  standards  in  gas  metering. 
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The  U.S.  gas  industry  standard  for  computing 
thermophysical  properties  is  the  A.G.A.  Transmisson 
Measurement  Committee  Report  No.  8  equation  of 
state  (AGA  8).  This  report  summarized  the  results  from 
several  experimental,  theoretical,  and  modeling  pro- 
grams directed  at  the  extensive  evaluation  of  the  accu- 
racy with  which  various  types  of  natural  gas  physical 
properties  can  be  calculated  using  AGA  8  and  related 
methods.  The  most  important  results  were  the  assem- 
bly of  benchmark  data  sets  for  speed  of  sound, 
viscocity,  fugacity,  heat  capacity,  critical  region  PVT, 
mixture  compressibilities,  and  vapor  pressure  meas- 
urements for  natural  gas  fluids.  When  tested  against 
these  benchmark  properties  data,  the  AGA  8  equation 
of  state  model  was  found  to  be  generally  accurate  with- 
in plus  or  minus  0.1%  for  sound  speeds  (and  densities) 
and  within  plus  or  minus  0.03%  for  compressibilities 
over  the  ranges  of  pressure,  temperature,  and  com- 
position that  encompass  the  major  region  of  custody 
transfer  or  natural  gas.  Work  was  also  completed  on 
the  fabrication  and  testing  of  a  prototype  catalytic 
cracking  detector  for  the  selective  detection  of  hydro- 
carbons; a  U.S.  patent  was  awarded  for  this  invention 
with  the  assignment  to  GRI. 
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Total  sulfur  has  been  measured  in  13  petroleum  and 
14  coal  Standard  Reference  Materials  (SRMs)  by  iso- 
tope dilution  thermal  ionization  mass  spectrometry. 
Samples  were  spiked  with  enriched  stable  S-34  and 
conbusted  in  sealed  Carius  tubes  using  nitric  and  hy- 
drochloric acids.  The  oxidized  sulfur  was  reduced  io 
H2S,  precipitated  as  As2S3,  and  then  dissolved  in  an 
ammoniacal  solution  of  As203.  A  portion  of  this  solu- 
tion, equivalent  to  1 .5  micrograms  of  sulfur,  was  added 
to  a  single  Re  filament  coated  wth  silica  gel.  The 
amount  of  sulfur  in  the  samples  was  determined  from 
the  S-32/S-34  ratio  by  mesuring  the  As(75)S(32)/ 
As(75)S(34)  molecular  ions  in  a  Faraday  detector.  The 
total  uncertainty  (95  percent  confidence  interval)  for 
homogeneous  materials  such  as  oils  is  about  0.5  per- 
cent, and  for  less  homogeneous  materials  such  as 
coals  is  1  -  4  percent. 
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For  over  fifteen  years  the  National  Institute  of  Stand- 
ards and  Technology  (NIST)  has  been  preparing  gas 


standards  containing  volatile  organic  compounds  at 
sub  micro  mol/mol  (ppm)  concentrations.  These  stand- 
ards have  been  prepared  using  organic  compounds 
that  are  either  gases  or  liquids  at  room  temperature. 
A  microgravimetric  technique  was  developed  pre- 
viously to  prepare  standards  containing  these  com- 
pounds in  treated  aluminum  gas  cylinders  using  a  one 
step  dilution.  Requests  were  received  to  prepare  gas 
standards  containing  the  compound  1.4- 
dichlorobenzene.  These  requests  posed  a  major  prob- 
lem in  that  1 .4-dichlorobenzene  is  a  solid  at  room  tem- 
perature. Research  was  undertaken  using  the 
microgravimetric  procedure  to  determine  if  it  was  fea- 
sible to  prepare  gas  standards  from  solid  phase  com- 
pounds. In  the  first  stage  of  research  the  liquid  phase 
compound  1.2-dichlorobenzene  previously  studied  at 
NIST  in  gas  mixtures  was  used  as  an  internal  standard. 
Results  from  analyses  of  a  pepared  gas  standard 
showed  that  the  response  factor  on  a  gas  chro- 
matograph  flame-ionization  detector  for  1.3- 
dichlorobenzene  was  3%  less  than  that  for  1.2- 
dichlorobenzene. 
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Methyl  bromide  (CH3Br)  is  the  largest  source  of  gase- 
ous bromine  in  the  atmosphere.  Methyl  bromide  is, 
therefore,  environmentally  important  due  to  its  poten- 
tial to  contribute  to  the  loss  of  the  stratospheric  ozone 
layer  through  catalytic  destruction.  Several  sets  of  at- 
mospheric bethyl  bromide  measurements  have  been 
reported,  but  little  has  been  reported  on  the  calibration 
standards  used  to  determine  those  values.  For  years, 
the  National  Institute  of  Standards  and  Technology 
(NIST)  has  prepared  gravimetric  gas  standards  con- 
taining methyl  bromide  at  the  low  parts  per  billion  (ppb; 
10  to  the  minus  9th  power  mol/mol)  level.  These  stand- 
ards have  been  used  by  federal  and  state  governments 
in  urban  air  monitoring  programs. 
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We  predict  the  viscosity  of  petroleum  fractions  using 
extended  corresponding  states.  Our  model  builds  upon 
the  TRAPP  procedure,  which  is  the  most  advanced  ap- 
proach to  predict  transport  properties  of  straight-chain 
nonpolar  hydrocarbons  and  their  mixtures.  We  perform 
comparisons  with  experimental  viscosity  data  for  pure 
hydrocarbons,  treating  them  as  nonstandard  compo- 
nents; we  find  deviations  of  10-15%.  We  also  extend 
the  model  to  predict  the  transport  properties  of  petro- 
leum fractions  and  compare  with  an  experimental 
database  of  more  than  80  crude  oils,  including  highly 
aromatic  petroleum  fractions.  The  model  predicts  the 
viscosity  of  the  crude  oil  fractions  within  experimental 
uncertainty. 
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This  report  presents  new  experimental  density  meas- 
urements and  density  prediction  models  for  natural  gas 
liquids.  Experimentally,  vibrating  tube  densimeters 
have  been  used  to  measure  coexisting  densities  for 
ethane,  propane,  n-butane,  isopentane,  n-pentane, 
and  isohexane  and  for  binary  mixtures  of 
ethane+propane,  propane+n-butane,  and  n- 
butaine+n-pentane.  The  density  measurements  were 
combined  with  simultaneous  vapor-liquid  equilibrium 
measurements  using  a  vapor  and  liquid  recirculation 
phase-equilibrium  apparatus  at  temperatures  from  240 
K  to  either  410  K  or  the  critical  temperature  of  the  sys- 
tem, whichever  is  less.  Isothermal  data  were  obtained 
for  the  binary  mixtures  over  the  entire  composition 
range  for  each  of  the  systems.  Also,  an  isochoric  gas 
expansion  technique  has  been  used  to  carry  out 
(p,p,T)  measurements  on  two  binary  mixtures  of  eth- 
ane +  propane  with  mol  fractions  of  0.35  and  0.65  and 
one  binary  mixture  of  propane+n-butane  with  a  pro- 
pane mol  fraction  of  0.61 . 
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The  paper  presents  a  combined  theoretical/experi- 
mental study  of  internal  liquid  circulation  induced  by 
droplet  surface  rotation.  A  numerical  model  is  pre- 
sented first,  examining  the  fluid  transport  within  a 
spherical  liquid  volume  whose  surface  is  subjected  to 
rotation  about  a  central  axis.  The  model  predicts  that 
the  steady-state  motion  established  from  spatially 
nonuniform  surface  rotation  has  a  helical  character  and 
bears  little  resemblance  to  the  toroidal  internal  flows 
developed  within  droplets  under  axisymmetric  condi- 
tions. Similar  internal  flow  patterns  are  predicted  for 
temporally  varying  surface  rotation  occuring  during 
droplet  spin-up  or  spin-down.  Planar  laser-induced  flu- 
orescence is  employed  to  provide  high-resolution  im- 
ages of  fluid  flow  developed  within  millimeter-sized 
suspended  droplets  that  are  exposed  to  steady  laminar 
air  streams  to  induce  repeatable  surface  rotation.  The 
predicted  spiral  flow  patterns  are  corroborated  by  the 
pendant  droplet  visualization  experiments,  and  sug- 
gest that  nonuniform  rotation  or  transient  spinning  may 
significantly  alter  internal  droplet  dynamics. 


Heating  &  Cooling  Systems 

02,507 

PB94-1 40407       PC  A08/MF  A02 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD. 

Computer  Programs  for  Simulation  of  Lighting/ 
HVAC  Interactions. 

G.  N.  Walton.  Dec  93,  156p,  NISTIR-5322. 
See  also  PB91  -144386.  Sponsored  by  Department  of 
Energy,  Washington,  DC,  and  Electric  Power  Re- 
search Inst.,  Palo  Alto,  CA. 

Keywords:  'Space  HVAC  systems,  'Lighting  systems, 
'Computerized  simulation,  'Buildings,  Coefficients,  Al- 
gorithms, Interactions,  Heat  transfer,  Cooling  load,  En- 
ergy audits,  Thermal  measurements,  HLITE  computer 
program,  VLITE  computer  program,  National  Institute 
of  Standards  and  Technology. 

The  report  describes  two  computer  programs  devel- 
oped for  the  analysis  of  lighting/HVAC  interactions: 
HLITE  and  VLITE.  VLITE  is  used  to  compute  the  coeffi- 
cients (view  factors)  describing  radiation  interchange 
between  surfaces.  These  coefficients  are  used  in  a 
thermal  network  model  which  is  solved  by  HLITE  for 
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transient  temperatures  and  cooling  loads.  These  pro- 
grams are  research  tools.  HLITE  is  based  on  a  simple 
finite  volume  model  for  heat  transfer  combined  with 
sufficiently  short  time  steps  to  permit  explicit  time  inte- 
gration in  most  of  the  simulation.  Controls  are  modeled 
in  a  manner  emulating  the  operation  of  controls  in  real 
buildings.  The  accuracy  of  the  mathematical  solution 
is  appropriate  to  the  models  used  and  data  available 
resulting  in  a  fast,  flexible  simulation  tool. 
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The  study  contains  two  major  subjects  involving  main- 
tenance of  large  centrifugal  chillers  in  the  General 
Services  Administration  (GSA)  facilities.  The  first  part 
is  to  use  nondestructive  testing  (NDT)  techniques  for 
chiller  testing  and  maintenance.  NDT  techniques  in- 
vestigated are  visual  inspection,  leak  testing,  vibration 
analysis,  infrared  thermal  testing,  eddy  current  testing, 
oil  analysis,  and  acoustic  emission  testing.  With  the  ex- 
ception of  acoustic  emission  testing,  all  other  tech- 
niques are  recommended  for  GSA  chiller  maintenance. 
The  second  part  of  the  study  is  about  refrigerant  man- 
agement. 
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A  ductless  mini-split  residential  heat  pump  with  a  modi- 
fied indoor  coil  was  utilized  to  compare  the  perform- 
ance of  R22  and  a  mixture  of  34%  R32/66%  R134a 
by  weight.  This  test  was  intended  to  serve  as  an  indica- 
tor of  'drop-in'  performance  so  the  system  was  opti- 
mized for  each  refrigerant  by  varying  only  the  charge 
mass  and  expansion  valve  setting.  At  the  27.8  C  (82 
F)  cooling  test  condition  the  capacity  and  COP  of  the 
mixture  were  94%  and  90%  of  the  values  for  R22,  re- 
spectively. Additional  tests  were  conducted  with  a  liq- 
uid-suction intracycle  heat  exchanger.  The  modified 
system  was  operated  with  both  single-phase  and  two- 
phase  refrigerant  entering  the  low  pressure  side  of  the 
liquid-suction  heat  exchanger.  The  addition  of  the  liq- 
uid-suction heat  exchanger  showed  a  minimal  perform- 
ance improvement  with  the  performance  of  the  two- 
phase  variation  being  slightly  higher.  The  best  perform- 
ing liquid-suction  heat  exchanger  variant  (two-phase 
refrigerant  on  the  low  pressure  side)  was  also  run  with 
a  ternary  mixture  of  30%  R32/10%  R125/60%  R134a, 
by  weight.  The  results  for  this  mixture  were  similar  to 
the  binary  mixture. 
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ANSI/ASHRAE  Standard  124-1991  specifies  the  lab- 
oratory tests  and  the  calculation  procedure  for  estimat- 


ing seasonal  and  annual  performance  of  combination 
appliances  which  are  designed  to  provide  both  space 
heating  and  water  heating.  A  boiler  that  includes  a 
tankless  coil  for  water  heating  is  covered  by  those  sec- 
tions in  ASHRAE  Standard  124  that  pertain  to  Type 
I  combination  appliances.  In  an  effort  to  minimize  the 
test  burdens  on  manufacturers,  a  computer  simulation 
study  was  conducted  to  determine  if  a  subset  of  a  fam- 
ily series  of  Type  I  combination  appliances  could  be 
tested  and  used  to  predict  the  performance  of  the  rest 
of  the  appliances  in  the  family.  Computer  simulation 
was  conducted  on  a  family  of  five  different  size  boilers 
with  an  identical  tankless  coil  to  calculate  their  Com- 
bined Annual  Efficiency  (CAE)  as  specified  in  ASHRAE 
Standard  124.  To  this  end,  the  Energy  Factor  (EF)  for 
water  heating  and  the  Annual  Fuel  Utilization  Efficiency 
(AFUE)  for  space  heating  were  calculated.  For  the 
water  heating  test  that  was  simulated,  daily  hot  water 
draw  volumes  of  243.4  liters  (64.3  gal.)  and  454.2  liters 
(120  gal.)  were  used.  The  results  showed  that  for  the 
five  boilers,  the  AFUE  for  space  heating  differed  by 
less  than  1  percent. 
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In  an  effort  to  minimize  the  test  burdens  on  manufac- 
turers, a  family  series  of  gas-fired  hot  water  boilers 
were  tested  to  determine  if  a  subset  of  a  family  series 
of  Type  I  combination  appliances  could  be  tested  and 
used  to  predict  the  performance  of  the  rest  of  the  appli- 
ances in  the  family  series.  Tests  were  conducted  on 
a  family  series  of  three  different  size  boilers  with  an 
identical  indirectly  heated  storage  tank  to  determine 
their  Combined  Annual  Efficiency  (CAE)  as  specified 
in  ASHRAE  Standard  124. 
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The  phase  diagram  in  temperature-entropy  space 
plays  an  important  role  in  the  visualization,  design  and 
analysis  of  operating  cycles  in  refrigerators  and  heat 
pumps.  The  shape  of  the  phase  boundary  in  this  space 
varies  dramatically  from  one  material  to  another.  The 
origin  of  these  differences  is  shown  to  be  a  con- 
sequence of  molecular  structure.  Relationships  of 
varying  accuracy  are  developed  to  estimate  the  slope 
of  the  vapour  branch  of  the  T-S  diagram. 
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This  report  summarizes  NIST  research  efforts  in  the 
development  of  composite  struts  for  Superconducting 
Magnetic  Energy  Storage  plants  (SMES).  Large  SMES 
plants  require  radial  structural  support  from  the 
superconducting  coils  to  the  outer  walls  to  assist  in  re- 
straining the  coil  cool-down  and  Lorentz  forces.  The 
struts  proposed  for  this  structural  support  must  have 
good  axial  compressive  strength  and  low  axial  thermal 
conductivity,  as  well  as  low  cost.  A  variety  of  E-glass 
fibers,  resins,  lay-up  angles  and  manufacturing  meth- 
ods were  evaluated  in  the  course  of  this  program,  at 
temperatures  ranging  from  295  to  76K.  Analysis  meth- 
ods are  presented  that  describe  the  response  of  fiber- 
reinforced  cylinders  and  end  fitting  designs  to  axially 
varying  mechanical  and  thermal  loads.  Finally,  failure- 
mode  and  tube  design  studies  were  conducted  in  order 
to  optimize  support  tube-design  based  on  minimum 
cross-sectional  area  with  allowable  strain  values  input 
as  design  constraints. 
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This  is  the  1994  annual  edition  of  energy  prices  and 
discount  factors  for  performing  life-cycle  cost  analyses 
of  energy  conservation  and  renewable  energy  projects. 
It  supports  the  Federal  life-cycle  costing  methodology 
by  updating  the  energy  price  projections  and  discount 
factors  that  are  described,  explained,  and  illustrated  in 
NIST  Handbook  135  (HB  I35).  It  supports  private-sec- 
tor life-cycle  costs  analysis  by  updating  the  energy 
price  indices  that  are  described,  explained,  and  illus- 
trated in  NBS  Special  Publication  709  (SP  709).  It  also 
supports  the  Energy  Conservation  Mandatory  Perform- 
ance Standards  for  New  Federal  Residential  Buildings 
(10  CFR  435)  by  providing  a  table  of  factors  for  updat- 
ing appliance  label  values. 
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This  is  the  1995  annual  edition  of  energy  price  indices 
and  discount  factors  for  performing  life-cycle  cost  anal- 
yses of  energy  conservation  and  renewable  energy 
projects.  It  supports  the  Federal  life-cycle  costing 
methodology  by  updating  the  energy  price  projections 
and  discount  factors  that  are  described,  explained,  and 
illustrated  in  the  National  Institute  of  Standards  and 
Technology  (NIST)  Handbook  135  (HB  135).  It  sup- 
ports private-sector  life-cycle  cost  analysis  by  updating 
the  energy  price  indices  that  are  described,  explained, 
and  illustrated  in  NBS  Special  Publication  709  (SP 
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709).  It  also  supports  the  Energy  Conservation  Manda- 
tory Performance  Standards  for  New  Federal  Residen- 
tial Buildings  (10  CFR  435)  by  providing  a  table  of  fac- 
tors for  updating  appliance  label  values. 
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This  is  the  1996  annual  edition  of  energy  price  indices 
and  discount  factors  for  performing  life-cycle  cost  anal- 
yses of  energy  and  water  conservation  and  renewable 
energy  projects.  It  supports  the  federal  life-cycle  cost- 
ing methodology  by  updating  the  energy  price  projec- 
tions and  discount  factors  that  are  described,  ex- 
plained, and  illustrated  in  NIST  Handbook  135  (HB 
135).  It  supports  private-sector  life-cycle  cost  analysis 
by  updating  the  energy  price  indices  that  are  de- 
scribed, explained,  and  illustrated  in  NBS  Special  Pub- 
lication 709  (SP  709).  It  also  supports  the  Energy  Con- 
servation Mandatory  Performance  Standards  for  New 
Federal  Residential  Buildings  (10  CFR  435)  by  provid- 
ing a  table  of  factors  for  updating  appliance  label  val- 
ues. 
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Handbook  135  is  a  guide  to  understanding  the  life- 
cycle  cost  (LCC)  methodology  and  criteria  established 
by  the  Federal  Energy  Management  Program  (FEMP) 
for  the  economic  evaluation  of  energy  and  water  con- 
servation projects  and  renewable  energy  projects  in  all 
federal  buildings.  The  purpose  of  this  handbook  is  to 
facilitate  the  implementation  of  the  FEMP  rules  by  ex- 
plaining the  LCC  method,  defining  the  measures  of 
economic  performance  used,  describing  the  assump- 
tions and  procedures  to  follow  in  performing  evalua- 
tions, giving  examples,  and  noting  NIST  computer  soft- 
ware available  for  computation  and  reporting  pur- 
poses. 
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This  report  is  the  FY  1 997  edition  of  energy  price  indi- 
ces and  discount  factors  for  performing  life-cycle  cost 
analyses  of  energy  and  water  conservation  and  renew- 
able energy  projects  in  federal  facilities.  It  supports  the 


federal  life-cycle  costing  methodology  by  updating  the 
energy  price  projections  and  discount  factors  that  are 
described,  explained,  and  illustrated  in  NIST  Hand- 
book 135  (HB  135,  Life-Cycle  Costing  Manual  for  the 
Federal  Energy  Management  Program  (PB96- 
1 7231 7)).  It  supports  private-sector  life-cycle  cost  anal- 
ysis by  updating  the  energy  price  indices  that  are  de- 
scribed, explained,  and  illustrated  in  NBS  Special  Pub- 
lication 709  (SP  709  (PB87-1 80253)).  It  also  supports 
the  Energy  Conservation  Mandatory  Performance 
Standards  for  New  Federal  Residential  Building  (10 
CFR  435)  by  providing  a  table  of  factors  for  updating 
appliance  label  values. 


Reserves 


02,513 

PB96-1 1 9755       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Gaithersburg,  MD.  Electricity  Div. 

Procedure  for  Measuring  Trace  Quantities  of 

S2F10,  S2OF10,  and  S2O2F10  in  SF6  Using  a  Gas 

Chromatograph-Mass  Spectrometer. 

Final  rept. 

R.  J.  Van  Brunt,  J.  K.  Olthoff,  K.  L.  Stricklett,  and  D. 
J.  Wheeler.  1995,  8p. 

Pub.  in  Proceedings  of  the  International  Symposium  on 
Gaseous  Dielectrics  (7th),  Knoxville,  TN.,  April  24-28, 
1994,  p441 -448  1995. 

Keywords:  "Gas  chromotography,  "Mass  spectrom- 
eters, "Trace  quantities,  Reprints,  Procedures. 

The  compounds  S2F10,  S2OF10,  and  S2O2F10  are 
formed  by  decomposition  of  gaseous  sulfur 
hexafluoride  (SF6)  in  electrical  discharges.  The  spe- 
cies S2F10  is  known  to  be  highly  toxic  to  humans,  and 
there  is  recent  evidence  that  S2O2F10  may  also  be 
very  toxic.  There  is,  therefore,  an  interest  in  having  an- 
alytical methods  to  detect  these  compounds  in  com- 
pressed SF6  at  trace  levels  down  to  10  parts  in  10  to 
the  9th  power  by  volume  (10  ppbv).  Two 
chromatographic  methods  have  been  used  to  direct 
these  compounds  at  the  10  ppbv  level  or  lower.  The 
first  method  developed  by  Sauers  and  coworkers  is 
based  on  a  cryogenic  enrichment  procedure  first  pro- 
posed by  Janssen,  and  uses  a  gas  chromatograph  with 
an  electron-capture  detector.  The  second  method, 
which  is  the  focus  of  the  present  work,  utilizes  a  gas 
chromatograph-mass  spectrometer  (GC/MS)  with  a 
thermal-chemical  converter.  The  purposes  of  the 
present  work  are:  (1)  to  define  a  procedure  for  using 
the  CC/MS  method  to  make  fast,  reliable  measurement 
of  trace  S2F10,  S2OF10,  and  S2O2F10  in  pressurized 
SF6;  (2)  to  discuss  the  major  sources  of  error  that  can 
be  encountered  in  using  the  method;  and  (3)  to  discuss 
the  factors  that  limit  the  sensitivity  such  as  interference 
from  other  compounds. 
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We  have  measured  the  initial  silane  and  polysilane 
product  yields  from  disilan'e  decomposition  in  rf  and  dc 
discharges,  at  25  and  250  C  and  20  Pa  (0.15  Torr) 
pressure  as  typically  used  for  alpha-Si:H  film  deposi- 
tion. From  analyses  of  these  yields  we  conclude  that 
the  initial  Si2H6  fragmentation  pattern  is  SiH3  +  SiH2 
+  H  (91  +  or  -  9%)  and  H3SiSiH  +  2H  (9  +  or  -  9%), 
that  the  primary  product  of  the  H  +  Si2H6  reaction  is 
SiH4  +  SiH3,  and  that  SiH3  is  the  dominant  radical 


causing  film  growth.  We  have  measured  a  radical-sur- 
face reaction  probability  of  0.34  +  or  -  0.03,  very  similar 
to  that  observed  for  SiH3  in  SiH4  discharges.  We  re- 
port a  spatial  distribution  of  emission  indicative  of  a 
gamma-regime  discharge.  From  deposition  on  glass  fi- 
bers strung  between  the  electrodes,  we  find  that  highly 
strained  alpha-Si:H  film  is  produced  everywhere  ex- 
cept on  or  near  the  electrodes,  suggesting  that  ener- 
getic ion  impact  is  necessary  to  yield  useful  films  in 
disilane  discharges. 
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Replicate  measurements  can  be  used  to  improve  sam- 
pling and  measurement  procedures  and  thereby  data 
quality  and  to  select  an  environmental  model  that 
agrees  reasonably  with  the  data.  The  implications  for 
study  design  of  these  uses  of  replicates  and  cor- 
responding statistical  analysis  methods  are  presented. 
The  statistical  analysis  methods  presented  for  quality 
improvement  and  model  selection  are  especially  ap- 
propriate for  environmental  studies.  The  quality  im- 
provement method  discussed  is  a  multivariate  method 
generalized  to  include  estimation  of  a  power  trans- 
formation for  each  constituent  measurement.  The 
model  selection  method  discussed  employs  a  boot- 
strap based  on  replicates  that  is  applicable  to  models 
fit  by  robust  estimation. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  has  been  involved  in  biological  environmental 
specimen  banking  activities  since  1979.  These  activi- 
ties, which  are  known  collectively  as  the  National 
Biomonitoring  Specimen  Bank  (NBSB),  include  the 
banking  of  a  variety  of  specimens  (human  liver,  sedi- 
ment, mussels/oysters,  fish  tissue  and  marine  mammal 
tissues)  from  several  different  projects  supported  by 
different  government  agencies.  The  two  most  recent 
projects,  the  Alaska  Marine  Mammal  Tissue  Archival 
Project  (AMMTAP)  and  the  National  Marine  Mammal 
Tissue  Bank  (NMMTB),  focus  on  the  collection,  bank- 
ing and  analysis  of  marine  mammal  tissues  and  they 
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are  part  of  a  comprehensive  plan  to  address  marine 
mammal  monitoring,  specimen  banking  and  quality  as- 
surance of  analytical  measurements  associated  with 
contaminant  analyses  in  marine  mammals. 
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In  environmental  studies,  the  validity  of  the  probability 
model  that  underlies  statistical  inference  often  de- 
pends on  the  operation  of  physical  mechanisms.  Delib- 
erate randomization,  although  important,  often  cannot 
remove  this  dependence.  Traditionally,  statisticians 
have  considered  the  impact  of  physical  mechanisms 
on  study  conclusions  to  be  the  responsibility  of  sci- 
entific collaborators.  Because  scientists  are  guided  by 
values  other  than  the  validity  of  probability  models, 
statisticians  must  take  responsibility  themselves.  Thus, 
statisticians  must  understand  the  relevant  physical 
mechanisms  so  that  they  can  develop  scientific  proto- 
cols that  result  in  statistically-tractable  probability  mod- 
els. As  a  practical  approach,  statisticians  can  become 
involved  in  the  design  and  execution  of  pilot  studies 
with  the  aim  of  resolving  probability-model  issues.  Pilot 
studies  adequate  in  this  regard  are  necessary  as  a 
basis  for  environmental  statistical  standards. 
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The  National  Institute  of  Standards  and  Technology  is- 
sues approximately  1100  Standard  Reference  Mate- 
rials (SRMs)  certified  for  chemical  composition  or 
physical  properties.  A  number  of  these  SRMs  have 
been  developed  to  assist  chemists  in  analyzing  envi- 
ronmental samples  more  reliably  for  chlorinated 
dioxins  and  other  organic  pollutants.  Certification  of  the 
pollutant  concentration  in  a  natural  matrix  SRM  is 
based  on  concordant  analyses  by  the  NIST  Organic 
Analytical  Research  Division  using  at  least  two  inde- 
pendent methods.  For  a  calibration  solution,  such  as 
SRM  1614,  Dioxin  (2,3,7, 8-TCDD)  in  Isooctane,  certifi- 
cation is  based  on  agreement  of  the  calculated  con- 
centration based  on  the  gravimetric  preparation  and 
the  concentration  as  determined  experimentally.  SRM 
1614  also  includes  a  (13)C-labeled  2,3,7, 8-TCDD  for 
use  as  an  internal  standard  in  methods  based  on  gas 
chromatography/mass  spectrometry.  The  certified  con- 
centrations, in  ng/g,  are  98.3  +  3.3  for  the  unlabeled 
dioxin  and  95.6  +  or  -  1.5  for  the  labeled  dioxin.  The 
certificates  for  SRM  1588,  Organics  in  Cod  Liver  Oil, 
and  SRM  1589,  Polychlorinated  Biphenyls  (As  Aroclor 
1260)  in  Human  Serum,  provide  noncertified  con- 
centrations of  dioxins.  Concentrations  of  chlorinated 
dioxins  in  two  urban  particulate  SRMs  have  been  re- 
ported in  the  literature. 
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The  report  constitutes  the  proceedings  of  the  Green 
Building  Conference  held  in  Gaithersburg,  Maryland, 
February  16-17,  1994.  The  conference  was  co-spon- 
sored by  the  National  Institute  of  Standards  and  Tech- 
nology (NIST)  and  the  U.S.  Green  Building  Council 
(USGBC).  Over  450  individuals  attended  the  con- 
ference representing  building  product  manufacturers, 
building  owners  and  managers,  environmental  groups, 
utilities,  contractors,  builders,  architects,  engineers, 
and  the  local,  state,  and  the  federal  governments.  The 
conference  provided  an  opportunity  to  acquire  prac- 
tical, useful  information  on  green  buildings,  resources, 
and  guidelines. 
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The  objective  was  to  identify  technological  opportuni- 
ties within  a  number  of  selected  industries  and/or  man- 
ufacturing/finishing processes,  to  reduce  pollution. 
These  industries/processes  were  selected  as  rep- 
resentative of  and  applicable  to  the  broad  range  of  U.S. 
manufacturing  businesses.  These  include:  metals 
coating  (i.e.,  painting)  which  is  widely  done  in  a  number 
of  major  industries,  including  the  automotive  industry; 
metals  degreasing;  recyclability  of  office  equipment; 
chemical  manufacturing;  printing;  textiles  dye  and  dye- 
ing; and  the  pulp  and  paper  industry.  Additionally,  the 
promulgation  of  new  regulations,  requiring  companies 
to  change  their  historical  manufacturing  and  waste 
generating/disposal  practices,  will  continue  to  create 
technological  needs  and  opportunities  for  savvy  busi- 
nesses to  develop  solutions. 
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The  paper  provides  a  review  of  the  Energy-Related  In- 
ventions Program  to  indicate  how  its  experience  can 
be  utilized  to  stimulate  invention  of  environmentally-ori- 
ented inventions.  It  also  briefly  describes  federal  pro- 
grams which  generate  new  environmental  tech- 
nologies. 
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Since  1980,  NIST  has  issued  a  number  of  Standard 
Reference  Materials  (SRMs)  for  the  determination  of 
trace  level  organic  contaminants  such  as  polycyclic  ar- 
omatic hydrocarbons  (PAHs),  polychlorinated 
biphenyls  (PCBs),  and  chlorinated  pesticides.  This 
chapter  describes  these  SRMs  and  the  analytical  tech- 
niques used  for  the  certification  measurements  for 
these  materials.  The  certified  and  noncertified  con- 
centrations for  the  PAHs,  PCBs,  and  pesticides  are 
summarized  for  the  most  recent  natural  matrix  SRMs. 
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Polycyclic  aromatic  hydrocarbons  (PAHs)  of  molecular 
weight  (MW)  278  (dibenzanthracene  isomers)  and  302 
(dibenzopyrene/dibenzofluoranthene  isomers)  are  sel- 
dom measured  in  environmental  samples.  A 
multidimensional  liquid  chromatography  (LC)  proce- 
dure was  developed  for  the  quantification  of  isomers 
of  MW  278  and  302.  Using  the  multidimensional  LC 
procedure,  six  isomers  of  MW  278  and  nine  isomers 
of  MW  302  were  quantified  in  four  environmental 
Standard  Reference  Materials  (SRMs):  coal  tar  (SRM 
1597),  air  particulate  matter  (SRMs  1648  and  1649), 
and  marine  sediment  (SRM  1 941 ). 
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The  International  Organization  for  Standardization 
(ISO)  is  currently  developing  a  family  of  environmental 
management  standards  which  address  management 
systems  and  the  environmental  aspects  of  products  in 
the  areas  of  life  cycle  assessment  and  labeling.  These 
standards  have  the  potential  to  exert  a  significant  influ- 
ence on  the  design,  manufacture,  and  marketing  of 
products.  They  are  also  likely  to  affect  the  type  of  envi- 
ronmental data  gathered  by  businesses  and  how  those 
data  are  communicated  internally  and  externally. 
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International  Green  Building  Conference  and  Ex- 
position (2nd).  Held  in  Big  Sky,  Montana  on  August 
13-15,1995. 
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Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03349-9.  See  also  PB94-206364. 

Keywords:  "Buildings,  "Pollution  abatement, 
"Meetings,  Design  analysis,  Construction  materials, 
Operation  and  maintenance,  Building  materials,  En- 
ergy efficiency,  Environmental  engineering,  Space 
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cycle  assessment,  Building  design. 

The  report  constitutes  the  proceedings  of  the  Green 
Building  Conference  held  in  Big  Sky,  Montana,  August 
13-15,  1995.  The  conference  focused  on  the  design, 
construction,  operation,  maintenance,  and  demolition 
of  buildings  in  an  environmental  and  cost-efficient 
manner. 
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Threats  to  public  health  must  be  identified  and  quickly 
eliminated  by  officials  who  have  the  proper  information 
to  make  educated  decisions.  Instances  of  environ- 
mental injustice,  where  minority  and  low-income  popu- 
lations are  subject  to  disproportionately  high  and  ad- 
verse human  health  or  environmental  risks,  need  to  be 
identified  and  corrected.  Analytical  science  plays  the 
pivotal  role  in  providing  data  for  environmental  deci- 
sion-making, from  site  hazard  assessment,  through 
evaluation  of  remediation  efforts,  and  finally  in  the  ap- 
praisal of  pollution  prevention  technology. 
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Since  1979  the  National  Institute  of  Standards  and 
Technology  (NIST)  have  been  involved  in  environ- 
mental specimen  banking  activities  as  part  of  the  Na- 
tional Biomonitoring  Specimen  Bank  (NBSB).  These 
activities  have  focused  on  the  development  of  proce- 
dures for  the  collection,  processing,  analysis,  and  long- 
term  storage  of  a  variety  of  environmental  specimens 
including:  human  liver,  mussels  and  oysters,  fish  tissue 
(liver  and  muscle),  marine  mammal  tissues  (blubber, 
liver,  and  kidney),  and  marine  sediments.  The  experi- 
ences of  the  NBSB,  the  issues  that  should  be  ad- 
dressed in  the  design  and  operation  of  a  valid  speci- 
men bank  program  are  presented. 
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ISO  Environmental  Management  Standardization 
Efforts. 

Technical  note. 
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Supersedes  PB95-220513. 

Keywords:  "ISO,  "Standardization,  "Environmental 
protection,  Environment  management,  Product  devel- 
opment, Process  control(lndustry),  Design  criteria,  De- 
sign analysis,  Life  cycle  costs,  Labeling,  Auditing,  Per- 
formance evaluation,  Recommendations,  "Life  cycle 
analysis,  Process  management,  Product  standards. 

The  International  Ogranization  for  Standardization 
(ISO)  is  currently  developing  a  family  of  'environmental 
management'  standards  which  address  management 
systems  and  the  environmental  aspects  of  products  in 
the  areas  of  life  cycle  assessment  and  labelling.  These 
standards  have  the  potential  to  exert  a  significant  influ- 
ence on  the  design,  manufacture  and  marketing  of 
products.  They  are  also  likely  to  affect  the  type  of  envi- 
ronmental data  gathered  by  businesses  and  how  those 
data  are  communicated  internally  and  externally.  The 
report  outlines  the  current  state  of  development  of 
these  planned  ISO  standards  and  also  covers  develop- 
ments relating  to  third  party  certification  of  environ- 
mental management  systems. 
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02,530 

PB97-1 1 871 5       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CAML), 
Gaithersburg,  MD.  Statistical  Engineering  Div. 
Pilot  Studies  for  Improving  Sampling  Protocols. 

Final  rept. 

W.  S.  Liggett,  and  K.  G.  W.  Inn.  1996,  18p. 

Pub.  in  Principles  of  Environmental  Sampling,  p185- 

202  1996. 

Keywords:  "Environmental  research,  "Sampling, 
"Measurement,  Experimental  design,  Protocols,  Selec- 
tivity, Optimization,  Sensitivity,  Specificity,  Statistical 
analysis,  Statistical  inference,  Reprints. 

Development  of  an  environmental  sampling  and  meas- 
urement protocol  by  means  of  experiments  is  feasible. 
The  experiments  require  dissimilar  plots,  each  of  which 
is  large  enough  for  execution  of  a  set  of  alternative  pro- 
tocols, but  the  experiments  do  not  require  that  the 
property  of  interest  be  known  for  the  plots.  This  chapter 
discusses  the  statistical  framework  for  such  experi- 
ments: what  constitutes  a  proper  set  of  alternative  pro- 
tocols, how  the  protocol  responses  can  be  used  to  esti- 
mate relative  performance,  and  how  the  best  protocol 
can  be  determined. 
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03433-9.  See  also  report  on  2nd  conference,  PB95- 
253605.  Sponsored  by  American  Inst,  of  Architects, 
Washington,  DO,  San  Diego  Gas  and  Electric  Co.,  CA. 
and  American  Society  of  Landscape  Architects,  Wash- 
ington, DC. 

Keywords:  "Buildings,  "Pollution  abatement,  "Energy 
efficiency,  "Meetings,  Environmental  engineering,  De- 
sign analysis,  Construction  materials,  Building  mate- 
rials, Energy  conservation,  Operation  and  mainte- 
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Sessions  within  the  conference  and  corresponding  pa- 
pers within  these  proceedings  focused  on  the  role  of 
cheif  officers  in  bringing  green  products  and  services 
to  market;  A  review  of  the  U.S.  Green  Building  Coun- 
cil's Leadership  in  Energy  and  Environmental  Design 
Building  Rating  System;  A  review  of  the  latest  inter- 
national green  building  projects  including  examples  of 
commercial,  industrial,  historical,  retail,  office,  aca- 
demic, and  residential  projects;  The  selection  of  sus- 
tainable building  materials;  An  overview  of  the  latest 
practices  in  energy  conservation;  A  world  overview  of 
solar  photovoltaic  components  and  systems;  Commer- 
cial, residential,  and  legal  indoor  air  quality  issues;  De- 
sign tools  and  resources  that  are  applicable  to  green 
buildings  including  the  Internet,  3D  design  visualiza- 
tion, computer  simulations,  and  the  Department  of  En- 
ergy's energy  simulation  programs;  and  The  implica- 
tions of  green  buildings  on  the  real  estate,  financial, 
and  insurance  industries.  (Reannouncement  with  new 
abstract). 
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Smoke  and  gaseous  emissions  such  as  those  gen- 
erated by  multiple  oil-well  fires  can  significantly  impact 
the  health  of  the  local  population.  To  assess  the  imme- 
diate risk  to  public  health,  the  chemical  and  physical 
properties  of  the  smoke  and  gaseous  emissions  must 
be  quickly  characterized.  Local  sampling  via  portable 
gas  analyzers,  filters  and  pumps,  and  particle  sizing 
instrumentation  provides  real-time  characterization  of 
pollutant  levels.  These  analyses  provide  a  snapshot  of 
the  physical  and  chemical  properties  of  the  aerosols 
sampled  in  Saudi  Arabia,  but  due  to  the  very  limited 
number  of  samples,  they  do  not  provide  a  reasonable 
basis  for  estimating  the  short-  or  long-term  health  risk 
due  to  exposure  to  smoke  and  gaseous  emissions. 
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The  report  includes  the  inverse  modulation  of  global 
fossil  production  by  variations  in  Northern  Hemispheric 
temperatures.  The  present  study  incorporates  recent 
revisions  and  extensions  of  the  fuel  production  record 
and  uses  a  much  improved  temperature  record.  The 
authors  show  that  the  new  data  are  consistent  with  the 
predictions  of  the  original  Rust-Kirk  model  which  they 
then  extend  to  allow  for  time  lag  between  variations 
in  the  temperature  and  the  corresponding  responses 
in  fuel  production.  The  modulation  enters  the  new 
model  through  the  convolution  of  a  lagged  averaging 
function  with  the  temperature  time-series.  The  authors 
also  include  explicit  terms  to  account  for  the  perturba- 
tions caused  by  the  Great  Depression  and  World  War 
II.  The  final  model  accounts  for  99.84%  of  the  total  vari- 
ance in  the  production  record.  This  modulation  rep- 
resents a  feedback  which  is  consistent  with  the  carbon 
dioxide  problem;  climate  change;  fossil  fuel  production; 
global  warming  Gaia  hypothesis;  temperature  vari- 
ations. 
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Chlorine  and  sulfur  mass  balance  studies  have  been 
carried  out  in  the  combustion  of  mixtures  of  lime, 
refuse-derived  fuel,  and  coal  in  the  NIST  multikilogram 
capacity  batch  combustor.  The  catalytic  effect  of  man- 
ganese dioxide  on  the  trapping  of  sulfur  dioxide  by  lime 
was  examined.  Under  the  authors  conditions,  only  4% 
of  the  chlorine  was  trapped  in  the  ash  and  no  effect 
of  manganese  dioxide  was  observed.  Between  42  and 
14%  of  the  total  sulfur  was  trapped  in  the  ash,  depend- 
ing upon  the  lime  concentration.  The  effect  of  man- 
ganese dioxide  on  sulfur  capture  was  not  detectable. 
The  temperature  of  the  ash  was  estimated  to  be  near 
1200  deg  C,  which  was  in  agreement  with  that  cal- 
culated from  sulfur  dioxide  capture  thermodynamics. 
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The  particulate  emissions  of  a  100  MW(e)  coal-fired 
power  plant  were  successfully  tagged  with  enriched 
rare-earth  isotopes  on  three  occasions  during  the 
month  of  August,  1988.  On  28  August,  an  8-hour  re- 
lease was  made  using  94%  isotopically  pure  148Nd  in- 
jected at  a  rate  of  61  mg/hr  and  14  ambient  aerosol 
samples  collected  along  a  72  degree  arc  20-km  distant 
from  the  plant  were  analyzed  by  pulse-counting  ther- 
mal-ionization  mass  spectrometry  for  excess  148Nd 
and  naturally-occurring  (total)  Nd  background.  The  re- 
sults were  in  good  agreement  with  Gaussian  plume 
model  predictions.  We  conclude  that  the  experiment 
and  preliminary  results  successfully  demonstrate  the 
feasibility  of  using  an  enriched  rare-earth  isotopes  as 
tracers  of  emissions  from  coal-fired  power  plants.  The 
large  signal-to-noise  ratios  achieved  here  are  sufficient 
for  tracing  particles  over  much  larger  distances. 
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This  manual  describes  the  use  of  two  computer  pro- 
grams for  analyzing  the  air  movement  and  indoor  air 
quality  in  multizone  buildings.  The  first  program 
CONTAM  is  used  to  create  and  edit  the  building  de- 
scription including  data  for  all  features  relating  to  air- 
flow or  to  the  generation  and  removal  of  contaminants. 
It  uses  a  graphic  interface  to  establish  the  spatial  rela- 
tionship of  these  features.  These  data  along  with 
weather  data  are  used  by  the  program  CONTAMX  to 
calculate  the  airflows  and  dynamic  levels  of  indoor  con- 
taminants. The  results  of  the  calculation  may  be  re- 
viewed graphically  in  CONTAM  and  printable  files  may 
be  generated.  Together  these  two  programs  are  called 
CONTAM93. 
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Input  files  for  the  multi-zone  airflow  and  contaminant 
dispersal  computer  program  CONTAM88  are  de- 
scribed for  four  large  buildings.  The  files  were  devel- 
oped for  a  twelve-story  multi-family  residential  building, 
a  five-story  mechanically-ventilated  office  building  with 
an  atrium,  a  seven-story  mechanically-ventilated  office 
building  with  an  underground  parking  garage,  and  a 
one-story  school  building.  The  physical  characteristics 
of  each  building  and  its  idealization  as  a  multi-zone  air- 
flow system  are  described.  These  input  files  enable  a 
user  to  employ  CONTAM88  to  study  airflow  and  con- 
taminant dispersal  in  these  large  buildings  without  de- 
veloping building  idealizations  and  inputting  them  into 
CONTAM88.  Results  of  selected  computer  simulations 
are  presented  to  demonstrate  the  effects  of  wind 
speed,  indoor-outdoor  temperature  difference,  and  the 
percentage  of  outdoor  air  intake  in  the  supply  air  on 
air  change  rates  and  interzonal  airflows  for  these  four 
buildings.  Appendices  are  also  included  that  contain  a 
building  component  leakage  database  useful  in  multi- 
zone  airflow  modeling  and  updated  information  on  the 
use  ofCONTAM88. 
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A  study  of  the  environmental  performance  of  three  new 
office  buildings  is  being  conducted,  involving  long-term 
monitoring  of  building  ventilation  rates  and  indoor  lev- 
els of  selected  pollutants,  both  before  occupancy  and 
during  early  occupancy.  This  paper  describes  the  effort 


in  a  seven-story  office  building  in  Overland,  Missouri. 
The  measurement  results  discussed  in  this  paper  in- 
clude tracer  gas  decay  measurements  of  ventilation 
rates  and  the  concentrations  of  carbon  dioxide,  carbon 
monoxide,  radon,  formaldehyde,  and  volatile  organic 
compounds  (VOCs). 
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The  ventilation  rate  of  an  office  building  impacts  the 
building  air  quality  in  terms  of  both  thermal  comfort  and 
pollutant  levels.  The  National  Institute  of  Standards 
and  Technology  has  been  studing  ventilation  in  office 
buildings  for  several  years.  The  research  has  included 
the  measurement  of  ventilation  rates  in  14  office  build- 
ings for  periods  on  the  order  of  one  year,  and  has  pro- 
duced a  data  set  of  about  3000  ventilation  measure- 
ments under  a  range  of  weather  and  building  operation 
conditions.  These  data  are  a  unique  source  of  actual 
ventilation  rate  measurements  in  office  buildings,  and 
are  the  subject  of  the  paper.  The  data  provides  an  indi- 
cation of  current  practice.  Although  the  ventilation  rates 
vary  considerably  among  the  buildings  and  for  each  in- 
dividual structure,  many  of  the  buildings  have  ventila- 
tion rates  below  recommended  levels  and/or  design 
values  during  significant  portions  of  the  year. 
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Massive  fires  resulting  from  the  uncontrolled  burning 
of  crude  oil  from  spills  or  industrial  accidents  produce 
large  smoke-laden  buoyant  plumes  which  rise  in  the 
wind  direction  before  they  equilibrate  within  a  stably 
stratified  atmosphere.  Beyond  this  point,  the  plume 
material  cools  by  entrainment  and  the  plume  becomes 
negatively  buoyant  due  to  the  heavy  smoke  loading. 
The  trajectory  of  the  descending  plume,  which  deter- 
mines the  ground  distribution  of  smoke,  is  the  subject 
of  this  paper.  A  computational  model  for  the  simulation 
of  large-scale  smoke  plumes  resulting  from  such  fires 
is  developed  and  applied  to  investigate  the  effects  of 
the  plume  initial  properties  on  its  trajectory  and  smoke 
deposition  patterns.  Attention  is  focused  on  the  de- 
scent and  dispersion  of  wind-driven  plumes  in  a  homo- 
geneous atmosphere,  and  the  smoke  deposition  on  flat 
terrain.  Results  show  that  the  plume  dynamics  in  the 
cross-wind  direction  are  dominated  by  two  buoyantly 
generated,  coherent,  streamwise  vortices  which  distort 
the  plume  cross  section  into  a  kidney-shaped  struc- 
ture. The  strength  of  the  two  vortices  and  their  separa- 
tion increases  as  the  plume  falls.  The  plume  width 
grows  under  the  action  of  these  vortices  at  a  rate  which 
increases  as  the  plume  settles  on  the  ground,  leading 
to  a  smoke  footprint  which  does  not  resemble  the  pre- 
diction of  Gaussian  dispersion  models. 
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National  Voluntary  Laboratory  Accreditation  Pro- 
gram: Bulk  Asbestos  Analysis. 

Handbook. 

E.  B.  Steel,  J.  Verkouteren,  and  D.  F.  Alderman.  Aug 
94,  72p,  NIST/HB-150/3. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03288-3.  See  also  PB94-1 78225. 

Keywords:  "Asbestos,  'Laboratories,  "Certification, 
"Polarized  light,  "Microscopy,  Requirements,  Licen- 
sure, Methodology,  Standardization,  Performance 
evaluation,  Quality  assurance,  Administrative  proce- 
dures, National  Voluntary  Laboratory  Accreditation 
Program,  US  NIST. 

The  handbook  presents  the  specific  requirements  that 
laboratories  must  comply  with  in  order  to  be  accredited 
under  the  National  Voluntary  Laboratory  Accreditation 
Program  (NVLAP)  for  Bulk  Asbestos  Analysis.  Details 
are  provided  regarding  the  on-site  assessment  and 
proficiency  testing  requirements  for  laboratories  ana- 
lyzing bulk  samples  by  means  of  polarized  light  micros- 
copy. 
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S.  J.  Nabinger,  A.  K.  Persily,  and  W.  S.  Dols.  1994, 
10p. 

Sponsored  by  Public  Buildings  Service,  Washington, 
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Pub.  in  American  Society  of  Heating,  Refrigerating  and 
Air-Conditioning  Engineers  Transactions  100,  pt2  10p 
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Keywords:  "Office  buildings,  "Ventilation,  "Carbon  di- 
oxide, "Indoor  air  quality,  Air  flow  rates,  Air  circulation, 
Air  infiltration,  Flow  measurement,  Tracer  techniques, 
Air  pollution  monitoring,  Indoor  air  pollution,  Space 
HVAC  systems,  Reprints,  Air  exchange  rates. 

Ventilation  rates  and  indoor  carbon  dioxide  levels  were 
monitored  for  two  years  in  a  new  office  building  near 
St.  Louis,  Missouri.  These  measurements  were  made 
to  assess  the  operation  and  performance  of  the  ventila- 
tion system  in  this  building  and  to  investigate  the  rela- 
tionship between  indoor  carbon  dioxide  levels  and  air 
change  rates.  Ventilation  rates  were  measured  with  the 
tracer  gas  decay  technique  using  an  automated  meas- 
uring system.  Indoor  carbon  dioxide  concentrations 
were  also  measured  with  an  automated  system.  The 
relationship  between  the  indoor  carbon  dioxide  levels 
and  the  building  air  change  rates  was  similar  to  that 
seen  in  other  office  buildings.  This  discussion  points 
out  limitations  in  the  use  of  equilibrium  analysis  of  car- 
bon dioxide  concentrations  in  office  buildings. 
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ards, Reference  standards,  Reprints,  Standard  ref- 
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Refractive  index  is  one  of  the  primary  optical  properties 
used  to  identify  minerals  using  polarized  light  micros- 
copy. Through  the  association  with  the  Bulk  Asbestos 
Laboratory  Accreditation  Program,  the  authors  have 
received  requests  from  hundreds  of  Laboratories  for 
technical  assistance  in  the  area  of  bulk  asbestos  analy- 
sis. Many  of  these  requests  are  for  information  on  the 
measurement  of  refractive  index,  specifically  using  the 
focal  screening  (dispersion  staining)  and  Becke  line 
techniques.  The  authors  have  developed  Standard 
Reference  Materials  (SRMs)  of  chrysotile,  amosite, 
and  crocidolite  (SRM1866)  to  serve  laboratories  as  pri- 
mary calibration  standards  for  the  measurement  of  the 
optical  properties  of  asbestos,  including  refractive 
index.  These  materials  will  be  discussed  and  used  as 
examples  to  explain  the  application  of  focal  screening 
and  the  Becke  line  technique  to  refractive  index  meas- 
urement. 
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Keywords:  "Ventilation,  "Carbon  dioxide,  "Air  quality 
standards,  "Indoor  air  quality,  Commercial  buildings, 
Office  buildings,  Indoor  air  pollution,  Air  flow,  Flow 
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The  article  is  an  attempt  to  reduce  some  of  the  confu- 
sion concerning  the  issues  of  ventilation,  carbon  diox- 
ide and  ASHRAE  Standard  62-1 989  that  has  been  evi- 
dent in  numerous  discussions  of  indoor  air  quality.  The 
article  presents  a  brief  discussion  of  how  indoor  carbon 
dioxide  levels  are  related  to  ventilation  rates,  including 
the  potential  for  using  these  indoor  concentrations  to 
determine  outdoor  airflow  rates.  The  role  of  carbon  di- 
oxide is  Standard  62,  specifically  the  significance  of  the 
1000  ppm  guideline  is  also  discussed.  Much  of  the  dis- 
cussion in  the  article  is  specific  to  mechanically-venti- 
lated office  buildings,  but  many  of  the  conclusions  are 
relevant  to  other  building  types. 
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A  procedure  to  prepare  primary  gas  cylinder  standards 
for  eighteen  volatile  organic  compounds  (VOC's)  at  the 
1-15  nmol/mol  (ppb)  level  was  developed.  These  gas 
standards  were  evaluated  over  a  period  of  2  years  and 
were  determined  stable  and  accurate.  This  research 
resulted  in  the  development  of  Standard  Reference 
Material  (SRM)  1804  containing  these  18  volatile  or- 
ganic compounds  in  nitrogen  at  a  nominal  concentra- 
tion of  5  ppb  for  each  compound. 
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The  Gas  Metrology  Research  Group  of  the  National  In- 
stitute of  Standards  and  Technology  (NIST),  has  been 
involved  in  research  and  development  of  gas  stand- 
ards of  volatile  toxic  organic  compounds  for  many 
years.  Over  thirty  toxic  organic  compounds  have  been 
studied  in  gas  mixtures  contained  in  high  pressure  alu- 
minum gas  cylinders  with  specially  treated  interior  sur- 
faces. Almost  all  compounds  studied  to  date  have 
shown  very  good  long  term  stability  at  the  parts-per- 
billion  (ppb,  nanomole/mole)  to  parts-per-million  (ppm, 
micromole/mole)  range.  One  exception,  1,3-butadiene, 
is  a  compound  that  many  scientists  and  policy  makers 
are  very  interested  in  measuring  in  the  environment. 
The  author  discusses  data  obtained  over  several  years 
for  gas  mixtures  of  1,3-butadiene  in  nitrogen,  at  con- 
centrations of  2  ppm,  100  ppb,  and  10  ppb.  The  data 


demonstrate  that  mixtures  of  1,3-butadiene  at  the  2 
ppm  level  have  remained  stable  for  over  three  years. 
However,  gas  mixtures  of  1,3-butadiene  at  the  10  ppb 
level  have  shown  decreases  in  concentration  of  more 
than  70%  over  a  two-year  period.  Decreases  in  the 
concentration  of  1,3-butadiene  have  been  observed 
immediately  after  the  preparation  of  the  gas  mixture  in 
several  cylinders.  This  indicates  that  gas  mixtures  of 
1,3-butadiene  are  not  stable  at  the  ppb  levels  and 
therefore  are  not  reliable  as  accurate  calibration  stand- 
ards. 
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The  effects  of  global  climate  change  and  air  pollutants 
on  the  earth  and  human  population,  have  made  the 
measurement  of  atmospheric  gaseous  and  particulate 
species  as  well  as  kinetic  rate  constants  for  modeling 
of  utmost  importance.  The  paper  reviews:  (1)  the  phi- 
losophy and  process  of  the  development,  preparation, 
and  certification  of  gas  Standard  Reference  Materials 
(SRM's)  at  the  National  Institute  of  Standards  and 
Technology;  (2)  some  of  the  SRM's  currently  available, 
with  a  listing  of  their  components,  concentrations,  and 
specific  uses;  (3)  the  results  of  a  recent  laboratory 
intercomparison;  (4)  a  brief  discussion  of  some  of  the 
measurements  and  SRM  research  currently  in 
progress;  and  finally  (5)  some  ideas  for  new  standards 
that  might  be  needed  in  the  future. 
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Biomass  derived  alpha-methyl-tetrahydrofuran,  MTHF, 
has  been  proposed  as  an  automotive  fuel  additive. 
Since  MTHF  is  a  volatile  organic  compound,  the  envi- 
ronmental impact  of  evaporation  to  the  atmosphere 
needs  to  be  considered  if  this  compound  is  to  be  used 
in  substantial  quantities  in  such  applications.  The 
major  loss  process  of  MTHF  in  the  atmosphere  is  ex- 
pected to  occur  via  reaction  with  hydroxyl  radicals 
(OH),  hence  we  have  conducted  a  study  of  the  kinetics 
of  the  reaction  of  OH  radicals  with  MTHF  using  both 
absolute  (flash  photolysis  resonance  fluorescence) 
and  relative  rate  techniques.  The  absolute  rate  experi- 
ments were  performed  over  the  temperature  range 
240-400  K  at  total  pressures  of  35  torr  of  argon;  the 
relative  rate  experiments  were  conducted  at  295  K  in 
740  torr  of  synthetic  air.  The  results  from  both  tech- 
niques were  in  good  agreement. 
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Microscopic  particle  counting  is  often  employed  for  de- 
termining airborne  fiber  concentrations.  Wind  tunnel 
testing  was  used  to  determine  whether  there  is  a  sys- 
tematic sampling  bias  for  anisokinetic  and  non-isoaxial 
conditions.  Low  wind  velocities  (0.2  -  0.5  m/s)  were 
employed  to  simulate  indoor  air  environments. 
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For  their  proposed  fluidized-bed  incineration  process, 
EG&G  Rocky  Flats'  technical  staff  are  considering  the 
possible  scenario  of  placing  a  'molecular  filter'  (a  gas 
separation  membrane)  system  on  their  stack  gases. 
The  permeate  through  the  membrane  would  principally 
be  the  products  of  combustion:  C02  and  H20,  and  the 
retentate  is  circulated  back  to  the  incinerator  as  the  flu- 
idizing  gas.  Data  were  obtained  for  cellulose  acetate 
and  polyamide  membranes  using  a  C02-rich  stream 
with  N2  and  02.  Additional  measurements  were  made 
to  provide  some  basis  for  estimating  the  fate  and  effect 
of  contaminants.  Gas  permeation  measurements,  with 
both  types  of  membranes,  were  made  on  streams  that 
contained  trace  C(sub  1)-C(sub  3)  contaminants. 
These  latter  measurements  were  also  made  with  cel- 
lulose acetate  samples  which  had  been  exposed  to 
saturated  organic  solvent  vapors  for  extended  periods. 
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Emissions  from  the  major  sources  of  fine  carbo- 
naceous aerosol  in  the  Los  Angeles  basin  atmosphere 
have  been  analyzed  to  determine  the  amounts  of  the 
C-12  and  C-14  isotopes  present.  From  these  measure- 
ments, an  inventory  of  the  fossil  carbon  and  contem- 
porary carbon  particle  emissions  to  the  Los  Angeles 
atmosphere  has  been  created.  Using  a  mathematical 
model  for  atmospheric  transport,  predictions  are  made 
of  the  atmospheric  fine  particulate  fossil  carbon  and 
contemporary  carbon  concentrations  expected  due  to 
primary  source  emissions.  It  is  concluded  that  the  high 
fraction  of  contemporary  carbon  measured  historically 
in  Los  Angeles  is  not  due  to  local  emission  sources 
of  biogenic  material;  rather,  it  is  due  to  a  combination 
of  local  anthropogenic  pollution  sources  and  back- 
ground marine  aerosol  advected  into  the  city. 
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The  article  is  an  attempt  to  reduce  some  of  the  confu- 
sion concerning  the  issues  of  ventilation,  carbon  diox- 


ide (C02),  and  ASHRAE  Standard  62-1989  that  has 
been  evident  in  recent  discussions  of  indoor  air  quality. 
The  article  presents  a  brief  discussion  of  how  indoor 
C02  levels  are  related  to  ventilation  rates,  including 
the  use  of  indoor  concentration  measurements  to  de- 
termine outdoor  air  flow  rates.  The  role  of  carbon  diox- 
ide in  Standard  62,  specifically  the  significance  of  the 
1 ,000  ppm  guideline,  is  also  discussed.  The  article  pri- 
marily addresses  mechanically  ventilated  office  build- 
ings, but  many  of  the  statements  are  also  relevant  to 
other  building  types. 
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Ventilation  effectiveness  measurements  were  made  in 
two  office  buildings  employing  the  age-of-air  approach. 
The  objective  of  these  tests  was  to  study  the  applicabil- 
ity of  the  associated  tracer  gas  procedures  in  mechani- 
cally ventilated  office  buildings.  Experimental  issues 
were  investigated  including  the  ability  to  establish  a 
uniform  tracer  concentration  at  the  start  of  the  test  and 
the  relationship  of  ventilation  system  configuration  and 
system  operation  on  the  test  procedure.  The  test  re- 
sults indicate  good  mixing  of  the  ventilation  air  within 
the  occupied  space.  In  addition,  experience  was  ob- 
tained with  the  measurement  procedures  that  will  as- 
sist the  development  of  a  standardized  approach  to 
measuring  ventilation  effectiveness  in  the  field. 
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NIST  is  performing  whole  building  airflow  and  contami- 
nant dispersal  computer  simulations  with  the  program 
CONTAM93  to  assess  the  ability  of  modifications  of 
central  forced-air  heating  and  cooling  systems  to  con- 
trol pollutant  sources  relevant  to  the  residential  envi- 
ronment. The  report  summarizes  the  results  of  Phase 
II. A  of  this  project,  which  consisted  of  three  major  ef- 
forts: baseline  simulations  of  contaminant  levels  with- 
out indoor  air  quality  (IAQ)  controls,  design  of  the  IAQ 
control  retrofits,  and  preliminary  simulations  of  con- 
taminant levels  with  the  IAQ  control  retrofits.  In  Phase 
II. B  of  the  study,  all  of  the  baseline  cases  will  be  modi- 
fied to  incorporate  the  IAQ  control  retrofits.  The  retrofit 
results  will  then  be  compared  to  the  baseline  results 
to  evaluate  the  effectiveness  of  the  retrofits. 
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A  new  multizone  airflow  and  contaminant  dispersal 
model  CONTAM93  is  described,  along  with  a  dem- 
onstration of  its  application  in  a  study  of  ventilation  and 
contaminant  control  in  single-family  residential  build- 
ings. While  CONTAM93  is  based  on  existing  theory  of 
network  airflow  analysis  and  contaminant  dispersal, 
the  model  employs  a  unique  graphic  interface  for  data 
input  and  display.  The  interface  uses  a  sketchpad  to 
describe  the  connections  between  zones  and  icons  to 
represent  zones,  openings,  ventilation  system  compo- 
nents, and  contaminant  sources  and  sinks.  The  model, 
its  graphic  interface  and  plans  for  its  further  develop- 
ment are  described.  As  a  demonstration  of  the  capa- 
bilities of  CONTAM93,  the  paper  describes  a  study  of 
ventilation  and  contaminant  control  in  eight  single-fam- 
ily residential  buildings.  The  overall  objective  of  the  ef- 
fort is  to  study  the  impact  of  residential  HVAC  systems 
on  indoor  air  quality  (IAQ).  This  paper  describes  the 
study  and  the  use  of  CONTAM93  to  calculate  whole 
building  air  change  rates  for  a  range  of  weather  condi- 
tions and  to  simulate  fan  pressurization  and  tracer  gas 
decay  tests  in  the  houses. 
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Measurements  of  indoor  pollutant  emissions  were 
made  for  four  wood  stoves  meeting  the  U.S.  Environ- 
mental Protection  Agency  (EPA)  Phase  II  emission  re- 
quirements in  a  37  sq.  m  (400  sq.  ft)  test  house  at  Na- 
tional Institute  of  Standards  and  Technology  (NIST). 
The  stoves  were  operated  in  a  manner  consistent  with 
typical  residential  use  and  in  accordance  with  the  man- 
ufacturers' instructions.  Three  tests  were  conducted  for 
each  stove,  with  each  test  lasting  approximately  ten 
hours.  During  the  tests  some  of  the  following  quantities 
monitored  included:  combined  gaseous  and  particulate 
phase  concentrations  of  individual  polycyclic  aromatic 
hydrocarbons  (PAH)  averaged  over  the  test  period,  in- 
cluding benzo(a)pyrene  (BAP);  and,  indoor  and  out- 
door air  temperature  and  relative  humidity.  Based  on 
these  measurements,  emission  rates  of  the  individual 
PAH  compounds  were  determined  for  each  test. 
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Computer  simulations  of  airflow  and  radon  transport  in 
four  large  buildings  are  performed  using  the  multi-zone 
airflow  and  pollutant  transport  model  CONTAM88. 
These  buildings  include  a  twelve-story  multi-family  res- 
idential building,  a  five-story  mechanically  ventilated 
office  building  with  an  atrium,  a  seven-story  mechani- 
cally ventilated  office  building  with  an  underground 
parking  garage,  and  a  one-story  mechanically  venti- 
lated school  building.  Interzone  airflow  rates  and  radon 
concentrations  are  predicted  in  these  buildings  as  a 
function  of  wind  speed  and  direction,  indoor-outdoor 
temperature  difference,  and  ventilation  system  oper- 
ation. Ventilation  system  factors  that  are  studied  in- 
clude the  operation  of  exhaust  fans  in  the  apartment 
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building  and  variations  in  the  percent  outdoor  air  intake 
in  the  office  buildings.  Simulations  in  the  office  build- 
ings are  also  made  with  the  ventilation  systems  off  and 
with  variations  in  the  balance  of  the  supply  and  return 
airflow  rates. 
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This  report  presents  new  mass  transport  elements  for 
the  next  generation  of  the  NIST  IAQ  Model  that  may 
be  used  to  model  (1)  homogenous  (bulk-air)  chemistry 
within  well-mixed  chamber,  (2)  aerosol  mass  transport 
within  well-mixed  chambers  and  fractional  particle  fil- 
tration in  building  filtration  devices,  and  (3)  hetero- 
geneous (surface-related)  physical  processes  and 
chemical  transformations  including  those  governing 
the  behavior  of  gas-phase  air  cleaning  devices.  In  an 
effort  to  maintain  rigor,  generality,  and  flexibility,  each 
transport  process  is  formulated  in  terms  of  the  ele- 
mental mass  transport  step  that  together  govern  the 
overall  process.  In  this  way,  the  more  complex  proc- 
esses may  be  represented  as  component  equations 
that  are  assembled  from  fundamental  element  equa- 
tions. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  performed  a  preliminary  study  of  the  potential 
for  using  central  forced-air  heating  and  cooling  system 
modifications  to  control  indoor  air  quality  (IAQ)  in  resi- 
dential buildings.  The  objective  of  this  effort  was  to  pro- 
vide insight  into  the  use  of  state-of-the-art  IAQ  models 
to  evaluate  such  modifications,  the  potential  of  these 
modifications  to  mitigate  residential  IAQ  problems,  the 
pollutant  sources  they  are  most  likely  to  impact,  and 
their  potential  limitations.  This  study  was  not  intended 
to  determine  definitively  whether  the  IAQ  control  op- 
tions studied  are  reliable  and  cost-effective.  The  report 
summarizes  the  results  on  Phase  II. B  of  this  project, 
which  consisted  of  three  main  efforts:  computer  sim- 
ulations of  contaminant  levels  with  IAQ  control  retrofits, 
evaluation  of  the  effectiveness  of  the  IAQ  control  retro- 
fits, and  development  of  recommendations  for  future 
research. 
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EMISS  is  a  computer  program  used  to  generate  data 
files  with  regional  or  local  air  pollution  emission  factors 
for  use  with  the  Nist  BLCC  (Building  Life-Cycle  Cost) 
program.  BLCC  uses  these  emission  factors  to  cal- 
culate air  pollution  emissions  associated  with  energy 
use  in  buildings  and  reductions  in  those  emissions  at- 
tributable to  energy  conservation  measures.  Emission 
factors  for  fossil  fuels  can  be  regionalized  or  localized 
by  specifying  the  percentage  of  sulfur  in  the  fuel,  the 
heating  content  of  the  fuel,  and  the  end-use  combus- 
tion process  at  the  building  site.  A  data  base  with  state- 
specific  electricity  emission  factors  and  U.S.  average 
sulfur  content  of  fossil  fuels  provides  default  data  for 
use  in  setting  up  a  regional  emission  factors  file. 
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Collision-induced  dissociation  (CID)  was  performed  in 
an  ion-trap  mass  spectrometer  to  investigate  quan- 
tification by  isotope  dilution  and  gas  chromatography 
coupled  with  tandem  mass  spectrometry  (GC/MS/MS). 
The  operating  system  software  was  modified  to  allow 
simultaneous  CID  of  two  ions  differing  only  slightly  in 
mass/charge  ratios.  Simultaneous  excitation  of  the 
base  peaks  of  the  parent  compound  and  its  deuterated 
analog  in  a  co-eluting  GC  peak  leads  to  quantitative 
and  reproducible  formation  of  daughter  ions.  Changing 
conditions  in  the  mass  analyzer  as  the  GC  peak  elutes 
required  broadening  of  the  CID  excitation  frequency 
pattern.  This  had  to  be  done  so  that  relatively  uniform 
dissociation  energy  would  be  imparted  to  both  parent 
ions  during  the  concentration  changes  associated  with 
the  elution  of  a  GC  peak.  A  commonly  measured 
human  metabolite  of  marijuana,  1 1-nor-delta-9- 
tetrahydro  cannabinol-9-carboxylic  acid,  was  analyzed 
in  freeze-dried  urine.  The  mean  value,  14.0  equal  to 
or  greater  than  0.61  (1  standard  deviation)  ng/mL, 
agrees  very  well  with  the  GC/MS  mean  measured 
value  of  14.1  equal  to  or  greater  than  0.45  ng/mL.  The 
overall  coefficient  of  variation  for  the  individual  ion-trap 
MS/MS  sample  measurements  is  4.3%. 
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While  techniques  exist  to  relate  indoor  carbon  dioxide 
concentrations  to  building  ventilation,  they  are  not  as 
simple  as  sometimes  suggested.  Some  of  the  tech- 
niques can  yield  reliable  results  when  used  correctly, 
while  others  can  result  in  serious  errors.  Using  any  of 
these  approaches  requires  that  one  understands  the 
technique  and  the  following  factors  are  considered:  the 
outdoor  carbon  dioxide  concentration;  the  number  of 
people  in  the  building  and  the  rate  at  which  they  gen- 
erate carbon  dioxide;  variations  in  the  number  of  occu- 
pants within  the  building  and  over  time;  variations  in 
the  carbon  dioxide  concentration  within  the  building; 
the  measurement  uncertainty  of  the  carbon  dioxide 
monitor  being  used;  ventilation  system  operation  prior 
to  and  during  the  measurements;  and,  indoor  sources 
of  carbon  dioxide  other  than  the  occupants. 
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As  part  of  the  United  States  Environmental  Protection 
Agency's  Integrated  Air  Cancer  Project,  air  particulate 
matter  samples  collected  in  Boise,  ID,  were  analyzed 
by  gas  chromatography  with  mass  spectrometric  de- 
tection (GC-MS)  and  apportioned  between  their  two 
main  sources:  residential  wood  combustion  (RWC) 
and  motor  vehicle  (MV)  emissions.  The  technique  used 
for  distinguishing  the  source  contributions  involved 
comparison  of  the  concentration  of  1,7- 
dimethylphenanthrene  (1,7-DMP),  a  polycyclic  aro- 
matic hydrocarbon  (PAH)  emitted  primarily  by  burning 
soft  woods  (e.g.,  pines),  with  that  of  a  PAH  emitted  in 
modest  concentrations  by  both  RWC  and  MV  sources, 
2,6-dimethylphenanthrene  (2,6-DMP).  These  results 
were  then  compared  with  the  mean  1 ,7-DMP/2,6-DMP 
ratio  of  48  samples  collected  in  a  roadway  tunnel,  with 
any  enrichment  in  the  Boise  sample  ratios  over  the 
mean  tunnel  ratio  attributable  to  the  RWC  source. 
These  resulting  RWC  contributios  were  compared  with 
fraction  RWC  results  obtained  by  radiocarbon  meas- 
urements (C-1 4/C-1 3)  of  the  same  extracts  from  Boise, 
with  generally  good  correlations  between  the  two  tech- 
niques observed,  suggesting  that  the  methods  are 
comparable  when  used  to  distinguish  emissions  of 
MVs  from  RWC  of  soft  woods. 
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A  preliminary  study  of  the  potential  for  using  central 
forced-air  heating  and  cooling  system  modifications  to 
control  indoor  air  quality  (IAQ)  in  residential  buildings 
was  performed.  The  main  objective  was  to  provide  in- 
sight into  the  potential  of  three  IAQ  control  options  to 
mitigate  residential  IAQ  problems,  the  pollutant 
sources  the  controls  are  most  likely  to  impact,  and  the 
potential  limitations  of  the  controls.  Another  important 
objective  was  to  identify  key  issues  related  to  the  use 
of  multizone  models  to  study  residential  IAQ  and  to 
identify  areas  for  follow-up  work. 
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The  impact  of  central  forced-air  heating  and  cooling 
system  modifications  on  the  levels  of  selected  pollut- 
ants in  single-family  houses  was  evaluated  by  simulat- 
ing pollutant  concentrations  due  to  a  variety  of  sources 
in  eight  houses  with  typical  HVAC  systems.  Simula- 
tions were  performed  with  a  multizone  airflow  and  pol- 
lutant transport  model  and  were  repeated  with  the  sys- 
tems modified  to  include  an  electrostatic  particulate  fil- 
ter, a  heat  recovery  ventilator,  and  an  outdoor  air  in- 
take damper.  The  system  modification  reduced  the  pol- 
lutant levels  in  the  houses  for  some  cases;  however, 
the  results  also  demonstrated  potential  limitations  in 
both  the  simulation  method  and  the  performance  of  the 
devices. 
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Airborne  Asbestos  Analysis:  National  Voluntary 
Laboratory  Accreditation  Program. 

Handbook. 

S.  Turner,  E.  B.  Steel,  and  D.  F.  Alderman.  Oct  95, 

83p,  NIST/HB-150-13. 

Also  available  from  Supt.  of  Docs. 

Keywords:  "Asbestos,  'Air  pollution,  'Chemical  analy- 
sis, "Handbooks,  Electron  microscopy,  Airboric 
wastes,  Test  methods,  Performance  tests,  Proce- 
dures, Requirements,  Site  survey,  Laboratories, 
'National  Voluntary  Laboratory  Accreditation  Program, 
NIST(National  Institute  of  Standards  and  Technology), 
TEM(Transmission  electron  microscopy). 

Any  laboratory  (including  commercial,  manufactor,  uni- 
versity, or  federal,  state,  or  local  government  labora- 
tory) that  performs  the  test  method  that  comprises  the 
Airborne  Asbestos  Analysis  Program  many  apply  for 
National  Voluntary  Laboratory  Accreditation  Program 
(NVLAP)  accreditation.  Accreditation  will  be  granted  to 
a  laboratory  that  satisfactorily  fulfills  the  conditions  for 
accreditation  defined  in  NIST  Handbook  150,  NVLAP 
Procedures  and  General  Requirements,  which  contain 
Title  15,  Part  285  of  the  Code  of  Federal  Regulations. 
These  conditions  include  satisfactory  performance  in 
selected  proficiency  testing  as  required,  and  fulfilling 
the  on-site  assessment  requirements,  including  resolu- 
tion of  identified  deficiencies.  The  names  of  NVLAP- 
accredited  laboratories  are  published  in  the  NVLAP  an- 
nual directory  and  other  media  to  which  information  is 
regularly  provided. 
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Multizone  Modeling  of  Three  Residential  Indoor  Air 
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Supersedes  PB95-1 35596,  PB95-1 78893  and  PB96- 
106877.  Sponsored  by  Consumer  Product  Safety 
Commission,  Washington,  DC.  Directorate  of  Engi- 
neering Science. 

Keywords:  'Indoor  air  quality,  'Heating  systems, 
'Cooling  systems,  'Residential  buildings,  Space  HVAC 
systems,  Indoor  air  pollution,  Central  systems,  Ventila- 
tion systems,  Air  flow,  Air  infiltration,  Flow  measure- 
ment, Particulates,  Microorganisms,  Nitrogen  dioxide, 
Carbon  monoxide,  Filtration,  Electrostatic 
precipitators,  Dampers,  Heat  recovery  equipment, 
Computerized  simulation,  'Multizone  analysis,  Forced 
air,  Volatile  organic  compounds. 

The  National  Institute  of  Standards  and  Technology 
(NIST)  performed  a  preliminary  study  of  the  use  of 
central  forced-air  heating  and  cooling  system  modifica- 
tions to  control  indoor  air  quality  (IAW)  in  residential 
buildings.  The  objective  of  the  effort  was  to  provide  in- 
sight into  the  use  of  state-of-the-art  multizone  airflow 
and  IAQ  models  to  evaluate  such  modifications,  the 
potential  of  these  modifications  to  mitigate  residential 
IAW  problems,  the  pollutant  sources  they  are  most 
likely  to  impact,  and  their  potential  limitations.  The 
multizone  airflow  and  pollutant  transport  program 
CONTAM93  was  used  to  simulate  the  pollutant  con- 
centrations due  to  a  variety  of  sources  in  eight  build- 
ings with  typical  HVAC  systems  under  different  weath- 
er conditions.  Three  indoor  air  quality  control  tech- 
nologies were  incorporated  into  the  house  models  to 
determine  their  effectiveness  in  controlling  the  mod- 


eled pollutant  sources.  The  technologies  include  the 
following:  electrostatic  particulate  filtration,  heat  recov- 
ery ventilation,  and  an  outdoor  air  intake  damper  on 
the  forced-air  system  return. 
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National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD.  Building  Environment  Div. 

Study  to  Determine  the  Existence  of  an  Azeotropic 

R-22  'Drop-In'  Substitute. 

M.  S.  Kim,  G.  Morrison,  W.  J.  Mulroy,  and  D.  A. 

Didion.  Mar  96,  50p,  NISTIR-5784. 

See  also  PB92-149814.  Sponsored  by  Electric  Power 

Research  Inst.,  Palo  Alto,  CA.  and  Korea  Science  and 

Engineering  Foundation. 

Keywords:  'Refrigerants,  'Environmental  chemical 
substitutes,  'Azeotropes,  Cooling  systems,  Mixtures, 
Cyclopropane,  Butanes,  Propane,  Refrigeration,  Com- 
puterized simulation,  Heat  pumps,  HFC-134a, 
HCFC(Hydrochlorofluorocarbon), 
CFC(Chlorofluorocarbon). 

The  reduction  in  chlorofluorocarbon  (CFC)  and 
hydrochlorofluorocarbon  (HCFC)  production  and  the 
scheduled  phase-out  of  these  ozone  depleting  refrig- 
erants requires  the  development  and  determination  of 
environmentally  safe  refrigerants  for  use  in  heat 
pumps,  water  chillers,  air  conditioners,  and  refrig- 
erators. Azeotropic  mixtures  are  attractive  as  alter- 
native refrigerants  because  they  behave  very  nearly  as 
pure  materials.  A  simple  correlative  scheme  that  allows 
one  to  judge  whether  or  not  an  azeotrope  is  likely  in 
a  binary  refrigerant  mixture  is  discussed.  This  paper 
presents  laboratory  and  computer  simulation  model 
evaluation  of  two  of  the  azeotropic  refrigerant  mixtures 
which  are  identified,  HFC-134a  (1,1,1,2- 
tetrafluoroethane)  with  R-C290  (Propane)  and  HFC- 
134a  with  R-600a  (Isobutane),  in  a  generic  heat  pump 
apparatus.  A  third  azeotropes  mixture,  HFC-134a  with 
R-C290  (Cyclopropane)  is  examined  by  computer  sim- 
ulation only. 
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Final  rept. 

A.  K.  Persily.  1996,  6p. 

Pub.  in  Indoor  Air  '96,  the  International  Conference  on 
Indoor  Air  Quality  and  Climate  (7th),  Nagoya,  Japan, 
July  21  -26,  1 996,  v2  p961  -966. 

Keywords:  'Carbon  monoxide,  'Indoor  air  pollution, 
'Air  pollution  monitoring,  Commercial  buildings,  Air 
flow,  Flow  rates,  Air  circulation,  Air  infiltration,  Odors, 
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change rates. 

The  paper  describes  the  relationship  of  indoor  C02 
concentrations  to  building  air  quality  and  ventilation, 
with  a  focus  on  how  C02  can  be  used  to  evaluate  air 
quality  and  ventilation  performance.  While  C02  con- 
centrations do  not  provide  a  comprehensive  indication 
of  indoor  air  quality,  they  can  be  used  to  assess  the 
acceptability  of  a  space  in  terms  of  human  body  odor. 
Also,  under  some  circumstances,  C02  can  be  used  to 
evaluate  building  ventilation,  specifically  air  change 
rates  and  percent  outdoor  air  intake. 
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G.  N.  Walton.  1995,  6p. 

Pub.  in  Building  Simulation  '95:  Proceedings  of  the 
Conference  of  International  Building  Performance  Sim- 
ulation Association  (4th),  Madison,  Wl.,  August  14-16, 
1995,  p674-679. 

Keywords:  'Air  flow,  'Contaminants,  'Indoor  air  pollu- 
tion, Air  circulation,  Air  pollution  monitoring,  Environ- 
mental transport,  Graphical  user  interface,  Computer- 
ized simulation,  Algorithms,  Computer  models,  Re- 
prints, CONTAM94  model,  Multizone  buildings. 

CONTAM94  is  an  airflow  and  contaminant  migration 
analysis  program  combining  algorithms  for  modeling 
airflow  and  contaminant  dispersal  in  multizone  build- 
ings. It  employs  a  simplified  graphic  description  of  the 


building  for  both  data  entry  and  the  presentation  of  sim- 
ulation results.  It  can  handle  buildings  containing  a 
large  number  of  zones. 
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Keywords:  'Carbon  monoxide,  'Air  pollution  disper- 
sion, 'Residential  building,  'Indoor  air  pollution,  Air  cir- 
culation, Ventilation,  Air  flow,  Flow  rates,  Diffusion 
models,  Rooms,  Air  pollution  monitoring,  Tracer  tech- 
niques, Detection,  Exposure,  Environmental  engineer- 
ing, Computerized  simulation,  Literature  surveys. 

While  the  use  of  CO  detectors  can  decrease  the  likeli- 
hood of  exposure  to  such  CO  levels,  questions  exist 
concerning  the  installation  of  these  devices  in  residen- 
tial buildings,  primarily  with  regards  to  the  location  and 
number  of  detectors.  A  literature  review  and  technical 
analysis  was  conducted  to  assess  information  on  CO 
dispersion  in  residential  buildings  that  could  support 
the  development  of  guidance  on  detector  installation. 
The  review  covered  a  number  of  issues  including  CO 
concentration  measurements  in  residential  buildings, 
sources  of  indoor  CO,  mixing  within  and  between 
rooms,  tracer  gas  techniques  for  assessing  building 
airflow,  and  computer  models  of  air  movement  and 
contaminant  dispersal  in  buildings.  The  material  ob- 
tained in  the  literature  review  is  discussed,  and  a  tech- 
nical analysis  of  the  issues  related  to  CO  dispersion 
in  residential  buildings  is  presented. 
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air  pollution,  Epoxy  resins,  Emissions,  Building  mate- 
rials, Chemical  analysis,  Physical  properties,  Reprints, 
Volatile  organic  compounds. 

It  was  hypothesized  that  phenol  emissions  from  an 
epoxy  floor-leveling  material  were  the  source  of  the 
complaints.  A  materials-science  based  study  was  per- 
formed to  ascertain  whether  phenol,  or  any  other  vola- 
tile organic  compounds,  was  being  emitted  from  the 
floor-leveling  material.  The  chemical  composition  and 
physical  properties  of  the  leveling  material  were  deter- 
mined using  a  variety  of  analytical  procedures  typical 
of  a  materials-science  based  approach.  It  was  con- 
cluded that  the  floor-leveling  material  contained  phe- 
nol, and  that  the  measured  concentrations  ranged  from 
0.25%  to  0.52%  of  the  material's  mass. 
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Keywords:  'Emissions,  'Indoor  air  pollution,  'Air  pollu- 
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ance, Absorption,  Desorption,  Design  analysis,  Com- 
puterized simulation,  Reprints,  'Volatile  organic  com- 
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The  measurement  of  VOC  emission  rates  in  the  field 
can  be  valuable  in  indoor  air  quality  research,  in  eval- 
uations of  the  indoor  air  quality  impacts  of  design,  and 
in  the  diagnosis  of  indoor  air  quality  problems.  The 
paper  reviews  the  mass  balance  theory  employed  in 
field  measurements  of  VOC  emission  rates.  Some  con- 
cerns associated  with  these  measurements  are  dis- 
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cussed  including  the  assumption  of  equilibrium  VOC 
concentrations  and  the  neglect  of  adsorption  and 
desorption  of  VOC  on  building  surfaces.  Computer 
simulations  are  described  that  provide  an  order-of- 
magnitude  assessment  of  the  impacts  of  these  issues. 
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Keywords:  "Carbon  14,  "Natural  emissions,  *Air  pollu- 
tion sampling,  *Biomass,  Air  pollution  sources,  Ozone, 
Precursors,  Ecological  concentration,  Atmospheric 
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prints, "Volatile  organic  compounds,  Atlanta(Georgia). 

The  radiocarbon  C-1 4  abundance  of  atmospheric  vola- 
tile organic  compounds  (VOC)  gives  a  quantitative  esti- 
mate of  contributions  from  biomass  and  fossil-mass 
sources,  important  information  for  effective  regulation 
of  ozone  precursors.  The  authors  report  the  details  of 
a  methodology  to  perform  such  measurements  and  the 
first  exploratory  C-1 4  results  on  VOC  fractions  sepa- 
rated from  two  composited  urban  tropospheric  air  sam- 
ples, collected  during  the  summer  (1992)  in  Atlanta, 
GA.  The  results  of  these  experiments,  designed  to  (1) 
evaluate  the  entire  C-14  VOC  measurement  process 
and  (2)  obtain  reliable  estimates  of  biogenic  contribu- 
tions to  atmospheric  VOC,  emphasize  how  important 
controls  are  throughout  this  multi-step  chemical  proc- 
ess to  ensure  quality  data. 
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On  11  December  1991,  a  radiation  overexposure  oc- 
curred at  an  industrial  radiation  facility  in  Maryland. 
The  radiation  source  was  a  3-MV  potential  drop  accel- 
erator designed  to  produce  high  electron  beam  cur- 
rents for  materials-processing  applications.  During 
maintenance  on  the  lower  window  pressure  plate,  an 
operator  placed  his  hands,  head,  and  feet  in  the  beam. 
This  was  done  with  the  filament  voltage  of  the  electron 
source  turned  'off,'  but  with  the  full  accelerating  poten- 
tial on  the  high  voltage  terminal.  The  operator's  body, 
especially  his  extremities  and  head,  were  exposed  to 
electron  dark  current.  In  an  attempt  to  reconstruct  the 
accident,  radiochromic  film  and  alanine  measurements 
were  made  with  the  accelerator  operated  at  two  beam 
currents.  Electron  paramagnetic  resonance  spectrom- 
etry, which  measures  the  concentration  of  radiation-in- 
duced paramagnetic  centers  in  calcified  tissues,  was 
used  to  estimate  the  dose  to  the  victim's  extremities. 
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Radon  source  potential  may  be  estimated  for  areas  of 
a  nation,  state,  county,  housing  development,  or  build- 
ing lot.  The  critical  characteristics  of  the  soil  are  its  ra- 
dium concentration,  emanation  coefficient,  permeabil- 
ity to  gas,  and  diffusion  coefficient  for  radon  under  typi- 
cal conditions.  This  report  summarizes  and  evaluates 
available  information  on  radon  potential  mapping  and 
site-specific  characterization.  More  than  100  reports 
have  been  found  that  bear  on  radon  potential  mapping, 
and  indicate  fair  to  good  agreement  with  indoor  radon 
results  where  correlations  have  been  possible. 
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Disposal  of  low-level  radioactive  waste  in  concrete 
vaults  buried  underground  is  being  considered  in  the 
United  States  and  a  potentially  significant  degradation 
process  is  sulfate  attack.  The  results  of  experimental 
studies  and  of  modeling  of  the  kinetics  of  sulfate  attack 
of  cement-based  materials  are  given.  It  was  concluded 
that  the  expansion  process  involves  a  two-stage  mech- 
anism. The  first  stage  is  likely  to  be  diffusion  controlled 
and  the  second  stage  appears  to  be  acceleratory  due 
to  the  development  and  spread  of  cracks. 
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During  each  quarter  of  1991  electret  ion  chambers, 
(nai)LiF(6)LiF,  and  (7)LiF  thermoluminescence 
dosimeters,  all  integrating  ionizing  radiation  monitors, 
were  placed  at  a  location  in  the  grounds  of  the  National 
Institute  of  Standards  and  Technology.  One  group  was 
exposed  to  the  total  ambient  field,  while  a  second 
group  was  sealed  for  testing  a  method  of  protection 
against  radon  gas  instrusion.  A  high-pressure  ion 
chamber  at  the  same  location  provided  another  meas- 
ure of  the  field.  Simultaneously  with  the  environmental 
response  test,  other  sealed  and  unsealed  groups  of 
electret  ion  chambers  and  thermoluminescence 
dosemeters  were  exposed  during  each  quarter  to  dis- 
crete exposures  from  calibrated  sources  of  (60)Co  and 
(137)Cs.  All  responses  were  evaluated  at  the  end  of 
each  quarter.  The  results  indicated  that  the  electret  ion 
chamber  gave  results  comparable  to 
thermoluminescence  dosemeters  for  routine  environ- 
mental monitoring.  No  significant  difference  was  found 


for  any  monitor  type  when  sealed  results  were  com- 
pared with  unsealed  results. 
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Keywords:  "Packaging,  "Hazardous  materials, 
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This  report,  prepared  for  the  U.  S.  Department  of 
Transportation,  contains  background  information  use- 
ful in  evaluating  the  performance  of  plastic  packagings 
for  hazardous  materials  transportation,  insofar  as  me- 
chanical properties  are  concerned.  Current  DoT  regu- 
lations and  test  methods  are  reviewed,  as  well  as  test- 
ing procedures  from  other  organizations  and  countries. 
Also  included  are  recommendations  to  modify  current 
DoT  regulations  to  make  test  methods  more  quan- 
titative Finally,  experimental  data  are  presented  which 
represent  the  initial  stage  of  a  study  it  is  hoped  will  ulti- 
mately lead  to  the  establishment  of  criteria  upon  which 
the  long  time  behavior  of  plastic  containers  can  be  pre- 
dicted based  on  short  time  tests.  (AN). 
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Assessing  the  Credibility  of  the  Calorific  Content 
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A  study  has  been  carried  out  to  establish  the  limits  of 
reliability  of  the  calorific  content  of  municipal  solid 
waste  (MSW)  by  the  bomb  calorimetric  procedure  cur- 
rently used  in  commercial  test  laboratories.  This  proce- 
dure involves  using  gram-size  samples  derived  from 
MSW  that  have  been  processed  down  to  a  particle  size 
of  2  mm  or  less.  Critics  argue  that  one  cannot  sample 
a  multi-ton  quantity  of  MSW  and  extract  gram-size 
samples  which  are  representative  of  the  entire  gross 
sample.  They  argue  further  that  processing  down  to  2 
mm  or  less  significantly  alters  the  composition  of  the 
sample.  In  order  to  test  the  bomb  calorimetric  proce- 
dure, a  multi-kg  capacity  combustion  flow  calorimeter 
was  designed  and  constructed  for  the  determination  of 
the  enthalpies  of  combustion  of  kilogram-size  samples 
of  MSW  in  flowing  oxygen  near  atmospheric  pressure. 
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Bioleaching  of  Cobalt  from  Smelter  Wastes  by 
Thiobacillus  ferrooxidans'. 
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G.  J.  Olson,  C.  K.  Sakai,  E.  J.  Parks,  and  F.  E. 
Brinckman.  1990,  4p. 
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Keywords:  'Waste  treatment,  'Materials  recovery, 
'Cobalt,  'Biological  treatment,  'Leaching,  Microorga- 
nisms, Smelting,  Mattes,  Solubility,  Reprints, 
Thiobacillus  ferrooxidans. 

The  bioleaching  of  cobalt  from  domestic,  industrial 
smelter  wastes  was  studied.  Thiobacillus  ferrooxidans 
solubilized  Co  from  sulfidic  dross  furnace  mattes.  At 
pulp  densities  of  4%,  up  to  600  mg  of  Co  per  liter  of 
leaching  solution  was  released  from  nickel  matte,  cor- 
responding to  removal  of  about  two-thirds  of  the  origi- 
nal amount  of  Co  in  the  matte.  Bioleaching  methods 
may  be  useful  as  a  component  of  a  process  for 
solubilization  and  recovery  of  Co  from  sulfidic  smelter 
mattes. 
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Keywords:  'Meetings,  'Oil  spills,  *ln-situ  combustion, 
"Fire  tests,  'Burning  rate,  'Water  pollution  control, 
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pects, Louisiana,  Decision  making,  Environmental  re- 
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This  workshop  is  part  of  the  U.S.  Minerals  Manage- 
ment Service's  continuing  effort  to  ensure  the  rel- 
evance of  their  research  program  to  the  needs  of  the 
user  community.  Specific  emphasis  was  given  to  envi- 
ronmental and  operational  implications  of  in  situ  burn 
response  technology.  The  goals  of  the  In  Situ  Oil  Burn- 
ing workshop  were:  to  present  the  state  of  knowledge 
to  representatives  of  industry,  government,  and  re- 
search organizations;  to  review  the  present  status 
guidelines  for  use  of  in  situ  burning  as  an  oil  spill  re- 
sponse method;  and  to  prioritize  research  and  informa- 
tion needs  to  support  decisions  on  the  use  of  in  situ 
burning  of  oil  spills. 
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Three  gas-chromatographic  (GC)  columns  with  dif- 
ferent selectivity  (DB-5,  DB-1701,  and  C-18)  and  two 
different  GC  detectors  (electron-capture  and  mass- 
spectrometric)  were  used  to  analyze  three  Standard 
Reference  Materials  (SRMs),  which  are  available  from 
the  National  Institute  of  Standards  and  Technology 
(NIST),  and  two  Certified  Reference  Materials  (CRMs) 
which  are  available  from  the  Community  Bureau  of 
Reference  (CBR),  for  polychlorinated  biphenyl  (PCB) 
congeners  and  chlorinated  pesticides.  The  materials 
analyzed  were:  SRM  1588,  Organics  in  Cod  Liver  Oil; 
SRM  1941,  Organics  in  Marine  Sediment;  SRM  1974, 
Organics  in  Mussel  Tissue  (Mytilus  edulis);  CRM  349, 


Chlorobiphenyls  in  Cod  Liver  Oil;  and  CRM  350, 
Chlorobiphenyls  in  Mackerel  Oil.  Results  are  reported. 
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In  the  past  five  years  the  National  Institute  of  Stand- 
ards and  Technology  (NIST)  has  developed  several 
Standard  Reference  Materials  (SRMs)  to  assist  in  the 
validation  of  measurements  of  polychlorinated 
biphenyl  (PCB)  congeners  and  chlorinated  pesticides 
in  environmental  samples.  The  following  natural  matrix 
SRMs  have  been  issued:  SRM  1588,  Organics  in  Code 
Liver  Oil;  SRM  1939,  PCB  Congeners  in  River  Sedi- 
ment; SRM  1941,  Organics  in  Marine  Sediment;  SRM 
1974,  Organics  in  Mussel  Tissue  (Mytilus  edulis);  and 
SRM  1945,  Whale  Blubber.  Recently,  SRM  1649  has 
been  analyzed  for  selected  PCB  congeners  and 
chlorinated  pesticides.  Toxaphene  measurements 
have  not  been  made  at  NIST  for  these  SRMs;  how- 
ever, these  SRMs  represent  the  environmental  mat- 
rices that  are  typically  analyzed  for  toxaphene.  Rec- 
ommended values  for  toxaphene  concentrations  could 
be  established  on  any  of  these  materials  through 
interlaboratory  comparison  exercises  involving  labora- 
tories experienced  in  making  toxaphene  measure- 
ments. In  this  paper  we  describe  these  SRMs  and  dis- 
cuss their  suitability  as  potential  reference  materials  for 
toxaphene  measurements. 
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The  National  Marine  Mammal  Tissue  Bank  (NMMTB) 
has  been  established  as  part  of  a  comprehensive  effort 
to  obtain  reliable  information  on  contaminant  levels  in 
marine  mammal  tissues.  A  four  component  program 
consisting  of  the  NMMTB,  stranding  networks,  monitor- 
ing and  quality  assurance  has  been  developed.  The 
development  and  current  status  of  the  NMMTB  and  its 
relationship  to  the  other  three  components  will  be  de- 
scribed. 
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bustion kinetics,  Oil-water  interfaces,  Plumes,  Particu- 
lates, Oil  pollution  control,  Water  pollution  control,  Re- 
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A  series  of  six  mesoscale  and  one  large  laboratory  fire 
experiments  were  performed  to  measure  the  burning 
characteristics  of  Louisiana  crude  oil  on  water  in  a  pan. 
Results  of  the  measurements  for  burning  rate  and 
smoke  emissions  are  compared  to  those  from  previous 
burns  of  various  scales.  Predictions  of  smoke  plume 
trajectory  and  particulate  deposition  at  ground  level 
from  the  Large  Eddy  Simulation  (LES)  model  devel- 
oped as  part  of  this  research  effort  are  presented.  LES 
is  a  steady-state  three-dimensional  calculation  of 
smoke  plume  trajectory  and  smoke  particulate  deposi- 
tion based  on  a  mixed  finite  difference  and 
Langrangian  particle  tracking  method. 
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The  National  Institute  of  Standards  and  techno. ogy 
(NIST),  in  conjunction  with  the  National  Oceanic  and 
Atmospheric  Administration  (NOAA)  is  developing  a 
program  to  improve  the  quality  and  comparability  of  an- 
alytical measurements  for  contaminants  in  marine 
mammal  tissues.  This  quality  assurance  program  con- 
sists of  the  (1)  preparation  of  marine  mammal  tissue 
control  materials,  (2)  interlaboratory  comparison  exer- 
cises, and  (3)  development  of  standard  reference  ma- 
terials. The  development  and  status  of  the  program  is 
described. 
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The  Alaska  Marine  Mammal  Tissue  Archival  Project 
(AMMTAP)  was  initiated  in  1987  to  aid  in  the  monitor- 
ing of  contaminants  in  the  Alaskan  environment.  The 
tissue  samples  are  then  archived  in  the  National 
Biomonitoring  Specimen  Bank  (NBSB)  at  the  National 
Institute  of  Standards  and  Technology  (NIST).  In  the 
NBSB,  the  tissues  are  stored  in  vapor  phase  liquid  ni- 
trogen freezers  until  required  for  analysis.  This  docu- 
ment contains  the  current  inventory  of  the  AMMTAP 
archive.  Included  in  the  inventory  is  information  such 
as:  species,  location  collected,  morphometries,  tissues 
collected  and  dispositions  of  the  tissue,  i.e.,  archived 
or  homogenized  for  analysis.  This  document  contains 
the  records  for  the  collection  of  tissue  from  94  animals 
samples  between  July  87  -  October  93. 
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Concentrations  of  Chlorinated  Hydrocarbons, 
Heavy  Metals  and  Other  Elements  in  Tissues 
Banked  by  the  Alaska  Marine  Mammal  Tissue  Ar- 
chival Project. 

P.  R.  Becker,  E.  A.  Mackey,  M.  M.  Schantz,  B.  J. 
Koster,  S.  A.  Wise,  D.  C.  G.  Muir,  R.  Demiralp,  and 
R.  R.  Greenberg.  Mar  95,  124p,  NISTIR-5620. 
See  also  PB92-143718  and  PB95-171344.  Prepared 
in  cooperation  with  Department  of  Fisheries  and 
Oceans,  Winnipeg  (Manitoba).  Freshwater  Inst. 

Keywords:  "Marine  mammals,  'Animal  tissues, 
"Chemical  analysis,  "Biological  accumulation, 
"Bioassay,  Bioaccumulation,  Water  pollution 
effects(Animals),  Whales,  Seals(Mammals),  Heavy 
metals,  Polychlorinated  biphenyls,  Trace  elements, 
Chlorinated  hydrocarbons,  Pesticides,  Muscles,  Kid- 
ney, Liver,  Neutron  activation  analysis,  Tissue  banks, 
Environmental  monitoring,  Alaska,  Bioconcentration, 
Blubber. 

The  National  Oceanic  and  Atmospheric  Administration 
maintains  two  marine  mammals  tissue  banks  within 
NIST's  National  Biomonitoring  Specimen  Bank.  The 
document  is  the  second  report  in  the  NIST  Interagency 
Report  Series  in  which  analytical  data  on  samples  col- 
lected and  banked  as  part  of  the  Alaska  Marine  Mam- 
mal Tissue  Archival  Project  are  summarized.  Results 
for  inorganic  constituents  in  liver  tissues  from  15 
bulukha  whales,  14  ringed  seals,  3  bowhead  whales, 
3  beared  seals,  and  1  spotted  seal,  and  for  organic 
contaminants  in  blubber  tissues  from  12  belukha 
whales  are  presented  and  discussed. 
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A  novel  p,p-cyanobiphenyl  stationary  phase  (p- 
cyanobiphenyl,  p-allyloxy  methlpolysiloxane)  has  been 
evaluated  for  the  GC  investigation  of  polychlorinated 
biphenyls  (PCBs).  Several  PCB  congeners  which 
coelute  on  the  phases  typically  used  for  PCB  analysis 
(e.g.  5%  phenyl  methylpolysiloxane)  are  separated  on 
the  p,p-cyanobiphenyl  phase,  including  the 
hexachlorobiphenyl  congers  PCB  163,  PCB  164,  and 
PCB  138.  In  this  work,  a  p,p-cyanobiphenyl  stationary 
phase  was  used  to  measure  selected  PCB  congeners 
in  two  Standard  Reference  Materials  (SRMs)  available 
from  the  National  Institute  of  Standards  and  Tech- 
nology (NIST),  and  two  Certified  Reference  Materials 
(CRMs)  available  from  the  Community  Bureau  of  Ref- 
erence (BCR).  The  materials  analyzed  were  SRM 
1588,  Organics  in  Cod  Liver  Oil;  SRM  1945,  Organics 
in  Whale  Blubber;  CRM  349,  Chlorobiphenyls  in  Cod 
Liver  Oil;  and  CRM  350,  Chlorobiphenyls  in  Macherel 
Oil.  Concentrations  are  reported  for  several  PCB 
congeners  which  coelute  on  the  5%  phenyl 
methylpolysiloxane,  including  PCB  163  and  PCB  164. 
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Four  different  analytical  techniques  were  used  for  the 
determination  of  polycyclic  aromatic  hydrocarbons 
(PAHs)  in  a  new  marine  sediment  reference  material, 
SRM  1941  a,  Organics  in  Marine  Sediment.  These  pro- 
cedures were  based  on  reversed-phase  liquid  chroma- 
tography (LC)  with  fluorescence  detection,  a 
multidimensional  LC  procedure,  and  gas  chroma- 
tography/mass  spectrometry  on  two  stationary  phases 
with  different  selectivity  for  the  separation  of  PAH  iso- 
mers. The  results  from  these  four  aproaches  were  in 
good  agreement  and  were  combined  to  provide  cer- 
tified concentrations  for  23  PAHs,  which  represents  the 
largest  number  of  certified  concentrations  for  PAHs  in 
any  natural  matrix  SRM. 
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SRM  1941a,  Organics  in  Marine  Sediment,  has  been 
recently  issued  with  certified  concentrations  23 
polycyclic  aromatic  hydrocarbons,  21  polychlorinated 
biphenyl  congeners,  6  chlorinated  pesticides,  and  sul- 
fur. Noncertified  concentrations  have  been  also  re- 
ported tor  additional  PAHs,  PCB  congeners,  and 
chlorinated  pesticides  and  for  percent  total  organic  car- 
bon (TOC),  aliphatic  hydrocarbons,  and  trace  ele- 
ments. SRM  1941a  is  the  most  extensively  character- 
ized natural  matrix  SRM  issued  by  the  National  Insti- 
tute of  Standards  and  Technology  (NIST). 
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In  the  present  report,  experimental  data  collected  at 
two  sets  of  mesoscale  burns  are  compared  with  the 
results  of  the  LES  model  run  using  the  recorded  mete- 
orological and  physical  conditions.  The  two  experi- 
ments are  the  Newfoundland  Offshore  Bum  Experi- 
ment (NOBE),  Aug.  1993,  and  the  Alaska  Clean  Seas 
Burning  of  Emulsions,  Sept.  1994.  Each  series  of 
burns  was  conducted  under  different  conditions,  and 
different  data  collection  techniques  were  employed  at 
each.  The  results  show  that  the  predictions  of  the  LES 
model  are  in  good  agreement  with  the  experimental 
measurements,  given  the  uncertainty  if  the  input  pa- 
rameters. 
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The  National  Biomonitoring  Specimen  Bank  (NBSB), 
a  collaborative  project  of  several  U.S.  government 
agencies,  includes  marine  mammal  tissues  collected 
for  the  Alaska  Marine  Mammal  Tissue  Archival  Project 
(AMMTAP)  and  the  National  Marine  Mammal  Tissue 
Bank  (NMMTB).  Tissues  were  collected  from  139  ani- 
mals representing  1 3  species  of  marine  mammals  from 
around  the  U.S.  Recently,  concentrations  for  up  to  30 
elements  in  liver  tissues  of  nine  long-finned  pilot 
whales  (Globicephala  melas),  six  harbors  porpoises 
(Phocoena  phocoena),  and  four  white-sided  dolphins 
(Lagenorhyunchus  acutus)  from  the  NMMTB  were 
measured  using  instrumental  neutron  activation  analy- 
sis. Results  from  analysis  of  these  tissues  are  pre- 
sented, compared  with  results  for  liver  tissues  from 
other  marine  mammals  from  the  AMMTAP,  and  com- 
pared with  published  values. 
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Liver  specimens  archived  in  the  National  Biomonitoring 
Specimen  Bank  from  beluga  whales,  Delphinapterus 
leucas,  and  from  Alaska  and  pilot  whales, 
Globicephala  melas,  from  the  North  Atlantic  were 
analysed  for  silver,  selenium  and  total  mercury.  Silver 
concentrations  in  beluga  whales  were  one  to  three  or- 
ders of  magnitude  higher  than  the  concentrations  in 
pilot  whales  and  those  reported  elsewhere  for  the  other 
marine  mammals.  The  concentrations  of  silver  in  the 
livers  of  beluga  whales  were  the  same  or  in  some  in- 
stances higher  than  the  concentrations  of  selenium  or 
mercury.  Like  mercury,  silver  was  positively  correlated 
with  selenium  in  both  pilot  and  beluga  whales.  This 
suggests  a  possible  role  for  selenium  in  the  accumula- 
tion and  storage  of  silver  in  both  species  of  whales, 
and  raises  questions  about  the  potential  for  silver  at 
such  high  concentrations  to  affect  radical-scavenging 
enzyme  systems  in  these  marine  mammals. 
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There  is  growing  interest  in  the  environmental  con- 
sequences of  large  fires,  since  the  transport  of  com- 
bustion products  by  a  windblown  fire  plume  can  distrib- 
ute potentially  hazardous  materials  over  a  wide  area. 
Pools  of  burning  oil  and  other  petroleum  products  are 
of  particular  concern  due  to  the  vast  flow  of  these  ma- 
terials through  the  global  economy  and  because  of  the 
fragility  of  the  environment  in  many  regions  where  oil 
is  extracted  or  transported.  The  present  work  is  part 
of  a  larger  study  of  a  closely  related  issue,  the  feasibil- 
ity of  cleaning  up  oil  spills  on  water  through  burning. 
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The  National  Oceanic  and  Atmospheric  Administra- 
tion's (NOAA)  National  Status  and  Trends  (NS&T)  Pro- 
gram monitoring  components,  the  National  Benthic 
Surveillance  and  Mussel  Watch  Projects,  have 
archived  tissues  and  sediments  in  a  specimen  bank 
since  1985  and  1986,  respectively.  Additional  samples 
were  archived  after  the  Exxon  Valdez  oil  spill  in  Prince 
Williams  Sound,  Alaska.  Samples  from  the  Environ- 
mental Protection  Agency's  Mussel  Watch  Program, 
collected  from  1976  to  1978,  were  added  to  the  NS&T 
Specimen  Bank  in  1992.  Contaminant  analyses  were 
performed  to  provide  additional  data  on  environmental 
quality  and  to  ensure  that  data  existed  for  sample  sta- 
bility studies.  Samples  in  the  NS&T  Specimen  Bank 
are  available  for  retrospective  analyses  should  a  con- 
taminant or  group  of  contaminants  be  identified  that 
was  introduced  into  the  environment  during  the  years 
of  the  NS&T  Program  or  during  the  EPA's  Mussel 
Watch  Program  but  that  were  not  previously  meas- 
ured. 
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We  have  started  looking  at  how  a  large  end  user  appli- 
cation, the  Department  of  Veterans  Affairs'  DHCP,  can 
adapt  to  this  changing  environment.  We  describe  a 
minimal  prototype  X  window  binding  that  we  have  con- 
structed and  modifications  to  several  DHCP  sub- 
systems to  adapt  to  it.  We  then  discuss  the  types  of 
changes  that  may  be  needed  to  adapt  DHCP  to  a 
graphical  user  interface  environment. 
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During  1993,  cooperation  among  the  federal  agencies 
on  interagency  issues  led  to  more  uniform  metric  tran- 
sition approaches.  Individually,  agencies  made  signifi- 
cant progress  in  implementing  metric  use  in  their  pro- 
grams. However,  the  amount  of  progress  by  different 
agencies  also  showed  significant  variation.  Coopera- 
tive progress  included;  Acquisition  Guidelines;  Func- 
tional subcommittees;  Strategic  Approach;  Public  Af- 
fairs; Metric  Transition  Plan  Revision;  Expanded  Agen- 
cy-Industry Cooperation;  and  Federal  Standard  376. 
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The  logic  for  use  of  the  metric  system  in  the  United 
States  is  strongest  when  metric  use  is  viewed  as  an 
element  of  our  national  economic  infrastructure,  as  an 
investment  in  efficiency,  and  as  a  necessity  for 
internatioal  competitiveness. 
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The  report  presents  recent  results  obtained  in  a  con- 
sortium-sponsored research  program  on  flowmeter  in- 
stallation effects  being  conducted  at  NIST- 
Gaithersburg,  MD.  The  piping  element  tested  and  re- 
ported here  is  generic  header  which  has  a  specific  ar- 
rangement of  one  inlet  and  two  outlets.  LDV  velocity 
measurements  are  reported  for  the  pipeflows  produced 
downstream  of  the  header  with  and  without  a  conven- 
tional 19-tube  concentric  tube  bundle  flow  conditioner. 
The  results  indicate  that  the  secondary  flow  produced 
by  the  generic  header  is  very  similar  to  that  produced 
by  the  closely-coupled  double  elbows  out-of-plane  pip- 
ing configuration.  The  axial  velocities  are  slower  than 
the  ideal  flow  near  the  pipe  center  and  higher  near  the 
walls.  Transverse  velocity  distributions  show  a  very 
strong  swirl  eddy  flow  pattern  produced  by  this  header. 
This  swirl  eddy  is  relatively  stable  and  organized  and 
its  dissipation  is  slower  than  that  observed  for  the  dou- 
ble elbows  out-of-plane.  The  19-tube  tube  bundle  is 
quite  effective  in  reducing  the  transverse  velocities  as- 
sociated with  the  energetic,  swirl  flow  from  this  header. 
Several  profile  indexes  are  introduced  and  presented 
for  the  header  flow  to  characterize  its  swirl,  profile 
peakness  and  flow  displacements.  These  indexes  can 


also  De  used  to  develop  criteria  for  improving  flow 
meter  performance  in  the  outlet  piping  from  this  head- 
er. 
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The  work  presents  a  simplified  method  of  controlling 
heat  pump  capacity  by  shifting  the  composition  of  a 
zeotropic  refrigerant  mixture  with  a  distillation  column. 
Simplicity  is  achieved  by  incorporating  the  distillation 
column  into  the  typical  suction  accumulator  used  by 
residential  heat  pumps.  A  U.S.  patent  has  been  applied 
for  under  the  title  Accumulator  Distillation  Insert  for 
Zeotropic  Mixtures.  An  experimental  system  employing 
this  distillation  concept  has  been  evaluated  in  the  lab- 
oratory for  zeotropic  mixtures  of  R32/134a  (30/70)  and 
R32/125/134a  (23/25/52).  For  the  binary  mixture  the 
circulating  refrigerant  composition  was  shifted  to  R32/ 
134a  (54M6).  For  the  ternary  mixture  the  circulating  re- 
frigerant composition  was  shifted  to  R32/1 25/1 34a  (36/ 
36/28). 
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In  previous  work,  methods  have  been  developed  for 
efficient  testing  of  components  and  instruments  that 
are  based  on  models  of  these  units.  These  methods 
allow  for  the  full  behavior  of  these  units  to  be  predicted 
from  a  small  but  efficient  set  of  test  measurements. 
Such  methods  can  significantly  reduce  the  testing  cost 
of  such  units  by  reducing  the  amount  of  testing  re- 
quired. But  these  methods  are  valid  only  as  long  as 
the  model  accurately  represents  the  behavior  of  the 
unit.  Previous  papers  on  this  subject  described  many 
methods  for  developing  accurate  models  and  using 
them  to  develop  efficient  test  methods.  However,  they 
gave  little  consideration  to  the  problem  of  testing  units 
which  change  their  behavior  after  the  model  has  been 
developed,  for  example,  as  a  result  of  changes  in  the 
manufacturing  process.  Such  changed  behavior  is  re- 
ferred to  as  nonmodel  behavior  or  nonmodel  error. 
When  units  with  this  new  behavior  are  tested  with 
these  more  efficient  methods,  their  predicted  behavior 
can  show  significant  deviations  from  their  true  behav- 
ior. This  paper  describes  how  to  analyze  the  data  taken 
at  the  reduced  set  of  measurements  to  estimate  the 
uncertainty  in  the  model  predictions,  even  when  the 
device  has  significant  nonmodel  error.  Results  of  sim- 
ulation are  used  to  verify  the  accuracy  of  the  estimates 
and  to  show  the  expected. 
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The  paper  presents  the  heat  transfer  data  used  to  file 
international  patent  WO  94/18282.  The  data  consisted 
of  pool  boiling  performance  of  a  GEWA-T(trademark) 
surface  for  three  fluids:  (1)  pure  R123,  (2)  R123/n- 
hexane  (99/1),  and  (3)  R123/n-hexane  (98/2).  The  heat 
flux  and  the  wall  superheat  were  measured  for  each 
fluid  at  277.6  K.  The  observations  were  used  to  de- 
scribe various  boiling  modes  on  the  GEWA- 
T(trademark)  surface.  The  addition  of  hexane  to  pure 
R123  caused  a  simultaneous  reduction  in  the  bubble 
diameter  and  increase  in  the  site  density.  The  increase 
in  site  density  enhanced  the  boiling  despite  the  reduc- 
tion in  bubble  size.  Presumably,  the  site  density  en- 
hancement was  caused  by  a  layer  enriched  in  hexane 
at  the  heat  transfer  surface.  The  addition  of  hexane  to 
R1 23  also  improved  natural  convection. 
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TN-1419. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 
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Keywords:  "Flowmeters,  "Orifice  flow,  'Installation, 
Orifice  meters,  Turbines,  Orifices,  Flow  measurement. 
Inlets,  Outlets,  Pipe  flow,  Fluid  flow,  Discharge  coeffi- 
cient, Performance  evaluation,  Graphs(Charts), 
Tables(Data),  "Headers. 

This  report  presents  recent  results  obtained  in  a  con- 
sortium-sponsored research  program  on  flowmeter  in- 
stallation effects  being  conducted  at  NIST- 
Gaithersburg,  MD.  The  piping  element  tested  and  re- 
ported here  is  a  generic  header  which  has  a  specific 
arrangement  of  one  inlet  and  two  outlets.  The  results 
reported  here  are  for  the  outlet  nearest  the  inlet  oper- 
ated fully  open  with  the  other  outlet  fully  closed.  The 
meter  performance  measured  in  this  outlet  are  re- 
ported with  and  without  the  installation  of  a  conven- 
tional 19-tube  concentric  tube  bundle  flow  conditioner. 
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Efficiency,  "Vapor  compression  cycle,  Liquid-line/suc- 
tion-line heat  exchange. 

The  report  presents  a  theoretical  analysis  of  three 
vapor  compression  cycles  which  are  derived  from  the 
Rankine  cycle  by  incorporating  a  liquid-line/suction-line 
heat  exchanger,  economizer,  or  ejector.  These 
addendums  to  the  basic  cycle  reduce  throttling  losses 
using  different  principles,  and  they  require  different 
mechanical  hardware  of  different  complexity  and  cost. 
The  theoretical  merits  of  the  three  modified  cycles 
were  evaluated  in  relation  to  the  reversed  Carnot  and 
Rankine  cycle.  Thirty-eight  fluids  were  included  in  the 
study  using  the  Carnahan-Starling-DeSantis  equation 
of  state.  In  general,  the  benefit  of  these  addendums 
increases  with  the  amount  of  the  throttling  losses  real- 
ized by  the  refrigerant  in  the  Rankine  cycle. 
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Uncertainty  Analysis  of  the  NIST  Nitrogen  Flow  Fa- 
cility. 

Technical  note. 

J.  L.  Scott,  and  M.  A.  Lewis.  Mar  94,  56p,  NIST/TN- 
1364. 

Supersedes  COM-71 -150325.  Also  available  from 
Supt.  of  Docs,  as  SN003-003-03294-8.  See  also 
PB93-1 59465. 

Keywords:  "Test  facilities,  Cryogenic  equipment,  Cryo- 
genic fluids,  Liquid  nitrogen,  Gas  flow,  Mass  flow,  Error 
analysis,  Statistical  analysis,  Orifice  meters,  Flow  me- 
ters, Sensitivity,  Buoyancy,  Density,  "Nitrogen  flow  fa- 
cility, "Measurement  uncertainty,  Discharge  coeffi- 
cients, US  NIST. 

An  uncertainty  analysis  of  the  National  Institute  of 
Standards  and  Technology  nitrogen  flow  facility  was 
performed.  The  facility  functions  as  a  cryogenic  flow 
calibration  laboratory  and  as  an  applied  research  lab- 
oratory for  high  pressure  nitrogen  gas  flow  measure- 
ment. The  report  includes  the  analysis  of  uncertainty 
in  instrumentation,  liquid  nitrogen  mass  flow,  gaseous 
nitrogen  mass  flow  determined  by  a  system  turbine 
meter,  and  the  uncertainty  in  orifice  meter  discharge 
coefficient  calculation  using  a  defined  propagation  of 
errors  technique.  Uncertainties  determined  by  statis- 
tical and  non-statistical  means  are  presented  sepa- 
rately. 
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Tilford.  1994,  8p. 

Pub.  in  Review  of  Scientific  Instruments  65,  n9  p3012- 
3019  Sep  94. 

Keywords:  "Pressure  measurement,  "Vacuum  gages, 
"Rotor  dynamics,  Vacuum  apparatus,  Measuring  in- 
struments, Rotors,  Signal  processing,  Data  analysis, 
Controllers,  Reprints,  "Spinning  rotor  gage  controllers. 

The  spinning  rotor  gage  (SRG)  is  a  molecular  drag 
vacuum  gage.  Commercial  versions  are  available  that 
operate  between  about  10(exp  -4)  and  1  Pa.  In  this 
paper  we  describe  the  design,  and  present  perform- 
ance data  for  a  new  SRG  controller  that  uses  a  plug- 
in  peripheral  board  and  a  personal  computer  (PC)  to 
perform  all  control,  signal  processing,  and  data  analy- 
sis functions.  This  controller  offers  several  advantages 
over  those  presently  available,  including  the  simulta- 
neous operation  of  multiple  SRGs  (at  least  four  SRGs 
with  a  single  PC),  complete  software  control  of  all  oper- 
ating parameters,  and  significantly  improved  low-pres- 
sure performance. 
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tion, "Sprinkling,  Fire  fighting,  Drops(Liquids),  Size  de- 
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extinguishing  agents,  Electronic  equipment,  "Fine 
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The  major  objective  of  the  work  presented  here  has 
been  to  determine  how  a  fine  water  spray  compares 
to  a  gaseous  agent  in  extinguishing  fires  in  data  proc- 
essing equipment,  an  environment  typically  protected 
by  halon  1301.  A  scaled-down,  generic  electronics 
package  was  designed  and  a  chamber  built  to  contain 
the  water  spray  to  emulate  the  physical  system  of  inter- 
est. The  mock  electronics  cabinet  is  0.5  m  wide,  0.2 
m  deep  and  0.4  m  high.  The  fuel  is  a  3  mm  thick  plate 
of  poly(methyl  methacrylate),  placed  vertically  in  an 
aluminum  frame  centered  among  a  number  of  alu- 


minum circuit  boards.  The  limitations  imposed  by  the 
different  transport  phenomena  associated  with  droplet 
versus  gas  dispersion  have  been  investigated.  The  in- 
fluence on  extinguishing  efficiency  of  the  nozzles  ge- 
ometry, the  location  relative  to  the  fire,  the  water  appli- 
cation rate,  and  the  amount  of  shielding  surrounding 
the  fire  within  the  simulated  cabinet  are  all  parameters 
which  have  been  examined.  A  gaseous  agent,  CF3H 
is  used  for  comparison.  A  phase-Doppler  particle  ana- 
lyzer measured  the  droplet  size  distribution  and  veloc- 
ity. The  water  pressure  has  a  significant  effect  on  the 
size  of  the  region  in  which  a  fire  can  be  effectively  sup- 
pressed. By  contrast,  similar  fires  in  all  geometric  con- 
figurations can  be  successfully  extinguished  with 
CF3H  as  long  as  the  concentrations  in  the  chamber 
are  close  to  those  recommended  in  NFPA  2001 . 
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A  workshop  was  convened  February  6  and  7,  1995, 
to  indentify  the  needs  of  users  and  specifiers  of  fire 
detection  systems  which  are  not  currently  being  met 
by  the  U.S.  fire  protection  industry.  A  series  of  experts 
from  industry,  government,  certifying  organizations 
and  academia  were  invited  to  review  the  various  appli- 
cations for  fire  detection  systems  and  to  discuss  recent 
development  that  could  impact  the  future  of  the  indus- 
try. The  speakers  were  divided  into  focused  panels  of 
users  and  specifiers,  systems  and  components 
manufactureres,  regulators  and  certifiers,  and  re- 
searchers. Small  working  groups  were  convened  after 
the  panel  discussions  to  identify  critical  research  is- 
sues, concentrating  on  sensors,  signal  processing, 
systems  integration  and  regulations. 
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On  11  December  1991,  a  radiation  overexposure  oc- 
curred at  an  industrial  radiation  facility  in  Gaithersburg, 
Maryland.  During  maintenance  on  the  lower  window 
pressure  plate,  an  operator  placed  his  hands,  head, 
and  feet  in  the  beam.  The  operator's  body,  especially 
his  extremities  and  head,  were  exposed  to  electron 
dark  current.  After  prolonged  periods  of  inactivity,  par- 
ticularly after  the  vacuum  in  the  accelerator  tube  is  lost, 
an  electron  beam  current  can  be  present  even  if  the 
electron  filament  is  cold  or  dark. 
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No  abstract  available. 
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The  table  of  corrected  optical  pyrometer  readings  en- 
ables optical  pyrometer  users  to  convert  observed  tem- 
perature immediately  to  the  true  temperature,  if  the  ef- 
fective emissivity  of  the  material  being  observed  is 
known.  The  table  gives  observed  temperatures  from 
1,000  to  3,000  K  in  increments  of  5  degrees,  from 
3,000  to  5,000  K  in  increments  of  10  degrees,  from 
5,000  to  10,000  K  in  increments  of  50  degrees,  and 
from  10,000  to  39,900  K  in  increments  of  100  degrees. 
For  these,  true  temperatures  are  tabulated  for  49 
emissivities  ranging  from  0.02  to  0.98  in  increments  of 
0.02.  These  calculations  were  made  on  a  650  elec- 
tronic computer  using  Planck's  law,  and  the  value  c 
sub  2  =1 ,438  cm  deg  for  the  radiation  constant. 
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A  dual-sinker  densimeter  to  very  accurately  measure 
the  pressure-volume-temperature  (P-V-T)  properties  of 
fluids  over  a  temperature  range  of  80  K  to  520  K  and 
at  pressures  up  to  35  MPa  is  in  the  final  stages  of  de- 
velopment at  NIST.  The  density  of  a  fluid  is  determined 
by  measuring  the  difference  in  the  buoyancy  forces  ex- 
perienced by  two  sinkers  of  identical  mass,  surface 
area,  and  surface  material,  but  very  different  volumes. 
The  buoyancy  forces  on  the  sinkers  are  transmitted  to 
a  semi-microbalance  by  means  of  a  magnetic  suspen- 
sion coupling.  This  paper  reviews  the  principle  of  the 
measurement  and  describes  the  overall  design  of  the 
system. 
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This  Workshop  was  organized  similarly  to  the  previous 
meeting.  After  a  presentation  on  Instrument  Interfac- 
ing, three  of  the  four  Working  Groups  met  individually. 
The  Strategic  Planning  Committee  did  not  meet  at  this 
Workshop,  but  it  held  a  meeting  in  April;  the  minutes 
of  that  meeting  are  included.  The  Physical  link  and 
Transport  Committee  has  defined  the  requirements  for 
the  link  connecting  modules  to  their  controller,  exam- 
ined a  new  ASTM  standard  for  low-level  communica- 
tion, and  is  determining  what  fits  into  to  the  various  lay- 
ers of  the  ISO  model.  The  Module  Requirements 
Group  has  proposed  a  process  control  model,  has  de- 
fined the  core  functionality,  and  has  listed  the  require- 
ments for  a  Standard  Laboratory  Module.  The  Soft- 
ware Engineering  Group  proposed  that  a  document 
detailing  the  CAALS  Modularity  Architectural  Speci- 
fication be  prepared  and  presented  a  working  outline. 
The  future  structure  and  charters  of  the  committees 
and  the  decision  making  criteria  of  the  Workshop  itself 
were  questioned.  These  items  will  be  examined  in 
greater  detail  at  the  next  Workshop. 
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The  major  aim  of  the  NIST  Standard  Reference  Data 
Program  (SRD)  is  to  provide  critically  evaluated 
numeric  data  to  the  scientific  and  technical  community 
in  a  convenient  and  accessible  form.  A  second  aim  of 
the  program  is  to  provide  feedback  into  the  experi- 
mental and  theoretical  programs  to  help  raise  the  gen- 
eral standards  of  measurement.  By  communicating  the 
experience  gained  in  evaluating  the  world  output  of 
data  in  the  physical  sciences,  NIST/SRD  helps  to  ad- 
vance the  level  of  experimental  techniques  and  im- 
prove the  reliability  of  physical  measurements. 
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The  78th  Annual  Meeting  of  the  National  Conference 
on  Weights  and  Measures  (NCWM)  was  held  July  18 
through  22,  1993,  at  the  Ritz-Carlton  Hotel,  Kansas 
City,  Missouri.  The  theme  of  the  Meeting  was  'Excel- 
lence Through  Standards'.  Reports  by  the  standing 
and  annual  committees  of  the  Conference  comprise 
the  major  portion  of  the  publication,  along  with  the  ad- 
dresses delivered  by  Conference  officials  and  other 
authorities  from  government  and  industry.  Special 
meetings  included  those  of  the  Metrologists,  the  Asso- 
ciate Membership  Committee,  the  Retired  Officials 
Committee,  the  Scale  Manufacturers'  Association,  the 
American  Petroleum  Institute,  the  Industry  Committee 
on  Packaging  and  Labeling,  the  regional  weights  and 
measures  associations,  the  National  Association  of 
State  Departments  of  Agriculture  Weights  and  Meas- 
ures Division  and  the  National  Council  on  State 
Metrication. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  has  adopted  a  new  policy  for  the  expression 
of  measurement  uncertainty,  effective  1  January  1994, 
that  is  consistent  with  recommendations  from  the 
Comite  International  des  Poids  et  Mesures.  Using  this 
new  method  of  expressing  uncertainties,  this  paper 
gives  the  expanded  uncertainties  for  NIST-calibrated 
resistance  thermometers  (from  0.65  K  to  1234.93  K) 
that  are  suitable  as  either  defining  interpolating  devices 
of  the  International  Temperature  Scale  of  1990  (ITS- 
90)  or  as  scale  transfer  thermometers. 
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of  Standards  and  Technology. 
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By  January  1,  1994,  the  method  recommended  by  the 
International  Committee  of  Weights  and  Measures  in 


308 


INDUSTRIAL  &  MECHANICAL  ENGINEERING 
Laboratory  &  Test  Facility  Design  &  Operation 


1981  for  expressing  uncertainties  for  calibrations  will 
be  implemented  at  the  National  Institute  of  Standards 
and  Technology.  This  paper  explains  how  the  Type  A 
and  Type  B  standard  uncertainties  and  the  combined 
uncertainty  for  liquid-in-glass  thermometer  calibrations 
are  computed. 
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Prepared  in  cooperation  with  Tianjin  Univ.  (China),  and 
Centra  de  Investigacion  y  de  Estudios  Avanzados, 
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Keywords:  High  resolution,  Dimensional  measure- 
ment, Boundary  value  problems,  Finite  element  analy- 
sis, Spherical  shells,  Resonant  frequency,  Simulation, 
Vibration,  Comparison,  "Coordinate  measuring  ma- 
chines, "Molecular  Measuring  Machine,  Normal  mode 
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An  ultra-high  accuracy  planar  coordinate  measuring 
machine,  called  the  Molecular  Measuring  Machine 
(M(sup  3))  is  being  built  at  the  National  Institute  of 
Standards  and  Technology  (NIST).  The  design  goal  is 
to  achieve  a  spatial  resolution  of  0.1  nm  over  an  area 
of  50  mm  X  50  mm.  This  goal  requires  that  gravity  load- 
ing and  vibration  response  of  a  complicated  mechani- 
cal structure  be  modeled  to  a  high  accuracy.  Finite  ele- 
ment analysis  (FEA)  was  applied  in  the  design  of 
M(sup  3)  as  analytical  modeling  of  the  complicated 
structure  was  precluded.  In  order  to  achieve  con- 
fidence in  a  specific  FEA  package,  normal  mode  analy- 
sis results  for  a  thick  spherical  shell  that  represented 
a  first  approximation  to  the  M(sup  3)  structure  were 
compared  to  those  predicted  by  another  FEA  package 
and  to  analytic  results  of  the  thick  shell  problem.  The 
analytic  model  predicted  degenerate  modes  due  to  the 
structural  symmetry  of  the  sphere.  These  were  con- 
firmed subsequently  by  both  of  the  FEA  packages.  The 
FEA  and  analytic  results  differ  by  less  than  5%. 
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The  NVLAP  Procedures  are  a  part  of  the  U.S.  Code 
of  Federal  Regulations  and  set  forth  the  conditions 
under  which  the  National  Voluntary  Laboratory  Accred- 
itation Program  (NVLAP)  will  function.  The  Procedures 
contain  general  information  about  NVLAP,  require- 
ments for  establishing  a  program  in  a  specific  field  of 
testing,  the  process  for  accrediting  a  laboratory,  and 
conditions  and  criteria  for  accreditation.  NVLAP  is  a 
system  for  accrediting  testing  laboratories  found  com- 
petent to  perform  specific  tests  and  types  of  tests. 
Competence  is  defined  as  the  ability  of  a  laboratory 
to  meet  conditions  and  conform  to  criteria  specified  in 
the  Procedures  as  tailored  and  interpreted  for  the  test 
methods,  types  of  test  methods,  products,  services,  or 
standards  for  which  the  laboratory  seeks  accreditation. 
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See  also  PB93-1 59465. 

Keywords:  "Certification,  "Calibration  standards, 
"Polyethylenes,  "References(Standards),  US  NIST, 
Quality  assurance,  Performance  testing,  Melt  viscosity, 
Chromatographic  analysis,  Size  determination,  Or- 


ganic polymers,  Molecular  weight,  "Standard  reference 
material  1475A,  Measurement  uncertainty. 

The  size  exclusion  chromatography  (SEC)  and  the 
melt  flow  rate  of  Standard  Reference  Material  (SRM) 
1475a,  a  polyethylene  resin,  were  determined  and 
compared  with  measurements  on  the  samples  of  SRM 
1475.  Within  the  errors  of  the  measurements  by  SEC 
and  melt  flow  rate,  the  measured  characteristics  of  the 
SRM  1475a  are  identical  to  those  of  SRM  1475. 
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Keywords:  "Metrology,  "Computer  program  verifica- 
tion, Computer  applications.  Computer  software, 
Measuring  instruments.  Dimensional  measurement. 
Calibrating,  Coordinates,  Data  analysis,  US  NIST, 
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rithm, ATEP(Algorithm  Testing  and  Evaluation  Pro- 
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The  report  is  directed  towards  the  dimensional  metrol- 
ogy community  interested  in  standardizing  geometric 
fitting  algorithms  used  in  coordinate  measuring  sys- 
tems (CMSs)  and  is  intended  to  stimulate  suggestions 
for  establishing  a  standard  reference  algorithm  (SRA) 
selection  process.  An  acceptance  procedure  for  evalu- 
ating and  selecting  the  SRAs  is  identified.  The  SRA 
selection  process  provides  control  of  variation  among 
national  reference  algorithms  and  ensures  addressing 
the  needs  of  industry.  It  is  envisioned  as  a  two-stage 
process:  an  alpha  phase  conducted  by  the  National  In- 
stitute of  Standards  and  Technology  (NIST)  and  a  beta 
phase  of  public  review.  The  report  describes  the  details 
of  both  phases  and  provides  a  summary  of  related  ac- 
tivities. 
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Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03260-3. 

Keywords:  "US  NBS,  "Laboratories,  Certification,  Pro- 
cedures, Requirements,  Calibration  standards.  Stand- 
ardization, Licensure,  Methodology,  Accuracy,  Per- 
formance evaluation,  Government  policies,  "National 
Voluntary  Laboratory  Accreditation  Program,  NVLAP, 
NIST(National  Institute  of  Standards  and  Technology). 

NIST  Handbook  150  is  intended  for  information  and 
use  by  staff  of  accredited  laboratories,  those  seeking 
accreditation,  other  laboratory  accreditation  systems, 
users  of  laboratory  services,  and  others  needing  infor- 
mation on  the  requirements  for  accreditation  under  the 
National  Voluntary  Laboratory  Accreditation  Program 
(NVLAP).  It  presents  the  basic  procedures  and  general 
accreditation  requirements  of  NVLAP  for  use  in  ac- 
crediting calibration  and  testing  laboratories.  This 
handbook  contains  Part  285  of  Title  15  of  the  U.S. 
Code  of  Federal  Regulations  (CFR)  plus  all  general 
procedures,  criteria,  and  policies  formerly  contained  in 
the  individual  NVLAP  technical  handbooks  and  sepa- 
rately published  NVLAP  policies. 
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A  high-temperature  laser-pulse  apparatus  for  the 
measurement  of  thermal  diffusivity  in  the  temperature 
range  from  1,500  to  2,500  K  has  been  designed,  con- 
structed, and  tested  at  the  National  Institute  of  Stand- 
ards and  Technology.  A  curve-fitting  method  is  intro- 
duced by  which  the  entire  experimental  temperature 
history  curve  is  fitted  with  the  theoretical  curve  under 
the  boundary  condition  of  radiative  heat  losses.  The 
new  apparatus  and  the  curve-fitting  method  permit 
thermal  diffusivity  measurements  with  an  uncertainty 
of  not  more  than  3%. 
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The  Navy  needs  new  sensors  for  shipboard  machinery 
monitoring  and  control,  condition-based  maintenance, 
and  damage  assessment.  Optical  fiber  sensors  are 
strongly  preferred  because  of  their  immunity  to  elec- 
trical disturbances,  as  well  as  potential  size,  weight, 
and  performance  advantages.  But  despite  well  over  a 
decade  of  development  and  promise,  relatively  few  op- 
tical fiber  sensors  available  today  can  meet  the  Navy's 
needs  with  acceptable  performance  and  cost.  This  re- 
port examines  the  reasons  and  recommends  strate- 
gies to  help  the  Navy  achieve  its  goals.  Some  of  the 
recommendations  confirm  approaches  that  the  Navy  is 
already  implementing.  Optical  fiber  sensors  have  very 
valuable  potential  advantages,  but  those  that  the  Navy 
can  use  may  remain  too  expensive  to  be  deployed  if 
the  Navy  uses  traditional  methods  of  writing  specifica- 
tions and  soliciting  development  and  procurement 
bids.  For  this  reason,  the  study  focuses  on  cooperation 
with  industry  and  promoting  commercial  off-the-shelf 
and  dual-use  technology. 
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The  federal  agencies  are  working  with  industry  to  ease 
adoption  of  the  metric  system.  The  goal  is  to  help  U.S. 
industry  to  compete  more  successfully  in  the  global 
marketplace,  increase  exports,  and  create  new  jobs. 
The  strategy  is  to  use  federal  procurement,  financial 
assistance,  and  other  business-related  activities  to  en- 
courage voluntary  conversion.  Based  upon  the  positive 
experiences  of  firms  and  industries  that  have  con- 
verted, federal  agencies  have  concluded  that  metric 
use  will  yield  long-term  benefits  that  are  beyond  any 
one-time  costs  or  inconveniences.  It  may  be  time  for 
additional  steps  to  move  the  Nation  out  of  its  dual-sys- 
tem comfort  zone  and  to  continue  the  progress  toward 
metrication.  The  report  includes  Metric  Highlights  in 
U.S.  History. 
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Mixing  without  excessive  heating  is  sometimes  needed 
for  temperature-sensitive  fluids.  We  modified  an  inex- 
pensive low-frequency  electronic  filter  based  on  a  me- 
chanical resonator  to  produce  a  compact  (16  mm)  and 
low-power  (1-3  mW)  mixer  for  low  viscosity  fluids. 
Tests  made  in  air  and  methanol  at  room  temperature 
and  in  fluoroform  near  its  critical  point  are  compared 
against  the  predictions  of  an  electromechanical  model. 
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In  the  first  volume  of  this  Compendium,  a  general  de- 
scription and  a  brief  survey  of  the  pulse  techniques, 
utilizing  resistive  self-heating  of  the  specimen,  for  the 
measurement  of  specific  heat  at  high  temperatures 
were  given.  The  presentation  covered  techniques  over 
a  wide  regime  of  time  response:  from  nearly  a  second 
to  submicrosecond  resolution.  Most  of  the  techniques 
were  of  an  exploratory  nature  and  were  developed  for 
specific  immediate  applications.  However,  as  a  result 
of  extensive  research  performed  during  the  last  25 
years,  the  millisecond-resolution  pulse  heating  tech- 
nique for  specific-heat  measurements  has  reached  a 
mature  stage.  The  objective  of  the  present  chapter  is 
to  give  details  of  the  millisecond-resolution  technique 
developed  in  the  Dynamic  Measurements  Laboratory 
of  the  U.S.  National  Institute  of  Standards  and  Tech- 
nology (NIST),  formerly  the  U.S.  National  Bureau  of 
Standards  (NBS).  The  presentation  includes  a  descrip- 
tion of  the  measurement  system,  measurement  proce- 
dure, consideration  of  various  phenomena  that  affect 
the  design  and  operation  of  the  system,  estimate  of  er- 
rors, and  discussion  summarizing  recent  improve- 
ments and  additions  to  the  overall  system. 
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A  high-speed  spatial  scanning  pyrometer  has  been  de- 
signed and  developed  to  measure  spectral  radiance 
temperatures  at  multiple  target  points  along  the  length 
of  a  rapidly  heating/cooling  specimen  in  dynamic 
thermophysical  experiments  at  high  temperatures 
(above  about  1800  K).  The  design,  which  is  based  on 
a  self-scanning  linear  silicon  array  containing  1024  ele- 
ments, enables  the  pyrometer  to  measure  spectral  ra- 
diance temperatures  (nominally  at  650  nm)  at  1024 
equally  spaced  points  along  a  25-mm  target  length. 
The  elements  of  the  array  are  sampled  consecutively 
every  1  microsecond  thereby  permitting  one  cycle  of 
measurements  to  be  completed  in  approximately  1  ms. 
The  pyrometer  output  is  recorded  digitally  with  a  full- 
scale  resolution  of  0.025%  every  1  microsecond.  Pro- 
cedures for  calibration  and  temperature  measurement 
as  well  as  the  characteristics  and  performance  of  the 
pyrometer  are  described.  The  details  of  sources  and 
estimated  magnitudes  of  possible  errors  are  given.  An 
example  of  measurements  of  radiance  temperatures 
along  the  length  of  a  tungsten  rod,  during  its  cooling 
following  rapid  resistive  pulse  heating,  is  presented. 

02,637 

PB94-21 1 364       Not  available  NTI S 

National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD.  Precision  Engineering  Div. 


Advanced  Angle  Metrology  System. 

Final  rept. 

W.  T.  Estler,  and  Y.  H.  Queen.  1993,  4p. 

Pub.  in  Annals  of  the  CIRP  42,  n1  p573-576  1 993. 

Keywords:  "Metrology,  Calibration,  Resolution,  Accu- 
racy, Reprints,  "Angle  measurement,  "AAMACS  sys- 
tem, US  NIST. 

We  describe  the  new  Advanced  Automated  Master 
Angle  Calibration  System  (AAMACS)  at  the  U.  S.  Na- 
tional Institute  of  Standards  and  Technology.  The  heart 
of  this  system  is  a  set  of  three  stacked  concentric  in- 
dexing tables  with  832,  729,  and  625  teeth  respec- 
tively. The  system  is  fully  error  corrected  and  achieves 
a  full-circle  positioning  accuracy  of  +  or  -  0.02  arc-sec- 
onds with  an  angular  positioning  resolution  of  0.0034 
arc-seconds.  System  accuracy  is  limited  by 
autocollimator  noise.  We  will  describe  the  error  map- 
ping process  and  the  use  of  the  system  for  high-accu- 
racy autocollimator  calibrations. 
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The  paper  reviews  available  standards,  guides,  rec- 
ommended practices,  and  publications  to  provide  both 
a  general  overview  of  available  reference  material  and 
recommendations  related  to  ensuring  accuracy  and 
traceability  of  weighing  instruments.  References  are 
promulgated  by  the  following  organizations:  (1)  Na- 
tional Institute  of  Standards  and  Technology;  (2)  Na- 
tional Conference  on  Weights  and  Measures;  (3)  Inter- 
national Organization  for  Legal  Metrology;  (4)  Inter- 
national Standards  Organization;  (5)  Instrument  Soci- 
ety of  America  for  Testing  and  Materials. 
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An  overview  is  given  of  the  National  Institute  of  Stand- 
ards and  Technology's  (NIST's)  Standard  Reference 
Materials  (SRMs)  for  particle  size  and  of  the  tech- 
niques used  in  their  certification. 


02,640 

PB94-212370       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Thermophysics  Div. 
Intercomparison  of  the  Effective  Areas  of  a  Pneu- 
matic Piston  Gauge  Determined  by  Different  Tech- 
niques. 
Final  rept. 

K.  K.  Jain,  C.  D.  Ehrlich,  J.  C.  Houck,  and  J.  K.  N. 
Sharma.  1993,  9p. 

Pub.  in  Meas.  Sci.  Technol.  4,  p249-257  1993. 

Keywords:  "Pneumatic  equipment,  "Pressure  gages, 
"Manometers,  Calibration,  Measuring  instruments, 
Test  methods,  Pressure  measurement,  Uncertainty, 
Reprints,  "Piston  gages. 

A  variety  of  primary  measurement  techniques  is  now 
available  for  the  measurement  of  pressure  to  1  MPa 
and  above.  To  ascertain  the  systematic  uncertainty,  if 
any,  which  exists  in  the  measured  pressure  using  the 
individual  techniques,  it  is  best  to  perform  direct 
intercomparisons  of  primary  instruments.  However, 
when  direct  intercomparison  is  not  possible,  the  next 
best  alternative  is  to  use  a  highly  stable,  reproducible 
transfer  artifact  such  as  a  simple  piston  gage.  Such 


intercomparisons  are  described  here,  utilizing  a  piston 
gage  calibrated  by  a  mercury  manometer  (with  0.1 
MPa  full-scale  pressure),  four  large  diameter  'dimen- 
sional' piston  gages  from  two  different  manufacturers 
(all  with  1  MPa  full-scale  pressure),  and  a  controlled 
clearance  piston  gage  (with  7  MPa  full-scale  pressure). 
The  area  ratio  derived  from  dimensional  measure- 
ments on  two  of  the  large  diameter  gages,  when  com- 
pared with  the  ratio  obtained  from  measurements 
traceable  to  a  manometer,  agrees  within  1  part  per  mil- 
lion (ppm).  For  one  of  the  large  diameter  piston  gages, 
the  area  value  obtained  from  the  manometer  agrees 
within  3  ppm  with  its  dimensional  area,  and  within  10 
ppm  with  the  value  obtained  by  its  direct  calibration 
against  the  controlled  clearance  piston  gage. 
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It  is  shown  that  the  classical  analysis  of  variance  for 
two-way  tables,  with  mean  squares  for  rows,  columns 
and  interaction,  is  often  a  hindrance  to  understanding. 
For  interlaboratory  data  resulting  from  the  study  of  a 
test  method,  a  row-linear  model  is  generally  more  ap- 
propriate. However,  in  practice,  a  material-by-material 
analysis  of  such  data,  involving  minimal  prior  assump- 
tions, is  the  most  appropriate  way  of  dealing  with 
interlaboratory  test  data.  The  importance  of  graphics 
is  illustrated. 
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Also  available  from  Supt.  of  Docs  as  SN003-003- 
03279-4.  See  also  PB94-178225. 

Keywords:  "Energy  efficiency,  "Laboratories, 
"Accreditation,  "Tests,  Lighting  equipment,  Proce- 
dures, Methodology,  Requirements,  Calibration  stand- 
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Laboratory  Accreditation  Program),  "National  Vol- 
untary Laboratory  Accreditation  Program,  US  NIST. 

The  purpose  of  this  handbook  is  to  set  out  procedures 
and  technical  requirements  for  the  National  Voluntary 
Laboratory  Accreditation  Program  (NVLAP)  accredita- 
tion of  laboratories  which  perform  test  methods  cov- 
ered by  the  Energy  Efficient  Lighting  (EEL)  Products 
program.  It  complements  and  supplements  the  NVLAP 
programmatic  procedures  and  general  requirements 
found  in  NIST  Handbook  150  (PB94-178225).  The  in- 
terpretive comments  and  additional  requirements  con- 
tained in  this  handbook  make  the  general  NVLAP  cri- 
teria specifically  applicable  to  the  EEL  program. 
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A  new  method  for  the  absolute  determination  of  elec- 
trolytic conductivity  based  on  direct  current  and 
potentio-metric  measurements  is  described.  The 
unique  design  of  the  cell  uses  a  removable  center  sec- 
tion whose  length  and  cross-sectional  area  are  accu- 
rately known.  Two  pairs  of  matched  Ag,  AgCI  elec- 
trodes are  used  in  a  four  terminal  mode  of  resistance 
measurement.  Measurements  of  the  electrolytic  con- 
ductivity of  primary  standard  potassium  chloride  solu- 
tion using  this  novel  dc  conductance  cell  are  compared 
with  the  currently  adopted  IUPAC  and  OIML  rec- 
ommendations. In  addition,  measurements  have  been 
made  of  the  electrolytic  conductivity  of  a  solution  of  po- 
tassium chloride  having  a  molality  of  1  mol/kg  (mole 
KCI  per  kilogram  H20).  The  values  so  obtained  over 
the  temperature  range  of  0  deg  C  to  50  deg  C  are  rec- 
ommended as  the  new  primary  standards  for  electro- 
lytic conductivity. 
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Beginning  January  1,  1994,  the  National  Institute  of 
Standards  and  Technology  (NIST)  requires  all  calibra- 
tion reports  to  state  the  uncertainties  according  to  the 
new  policy.  Reference  is  to  be  made  to  some  published 
document.  Uncertainties  of  calibration  results  are  ex- 
pressed using  the  method  described  in  the  'Guide  to 
the  Expression  of  Uncertainty  in  Measurement'  (NIST 
Technical  Note  1297).  This  report  explains  how  each 
component  of  the  combined  standard  uncertainty  was 
determined  for  providing  the  expanded  uncertainties  of 
humidity  parameters. 
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For  nine  decades  the  National  Institute  of  Standards 
and  Technology  (NIST),  and  under  its  former  name  the 
National  Bureau  of  Standards,  has  followed  one  model 
of  providing  traceability  to  National  standards  of  meas- 
urement. In  that  model  NIST  offers  calibration  and  ref- 
erence material  services,  and  leaves  entirely  to  users 
of  those  services  the  burden  of  maintaining  and  dem- 
onstrating traceability.  In  this  talk  the  authors  explore 
the  possibility  of  a  new  model.  The  NIST  services  men- 
tioned above  would  be  continued  as  would  the  feature 
of  user  responsibility  for  traceability.  What  would  be 
added  is  accreditation  by  NIST  of  laboratory  calibration 
competence,  conformance  to  quality  laboratory  stand- 
ards, and  proficiency  in  providing  calibration  services. 
A  NIST  'home'  for  such  a  system  already  exists  in  the 
National  Voluntary  Laboratory  Accreditation  Program 
(NVLAP)  which  currently  accredits  about  1000  testing 
laboratories.  At  least  four  pressures  are  building  to 
move  in  this  direction.  They  include  (1)  company  qual- 
ity programs  aimed  at  the  highest  level  of  attainment; 
(2)  customer  requirements  (including  those  of  Federal 
executive  branch  departments);  (3)  requirements  for 
accreditation  as  mandated  in  new  laws;  and  (4)  inter- 
national trade  requirements  resulting  from  EC-92  de- 
velopments. 
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A  model  for  the  accurate  dimensional  measurement  of 
small  planar  objects  is  developed  in  terms  of  the  com- 
parison of  the  images  of  the  test  object  and  a  standard 
object  in  a  measuring  device.  A  length  measuring  in- 
strument is  thus  a  comparator.  The  calibration  of  the 
standard  and  the  conditions  necessary  for  a  valid  com- 
parison are  discussed.  The  principles  discussed  here 
apply  to  many  other  types  of  measurement  as  well. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  provides  calibration  services  for  vibration 
pickups  over  a  wide  frequency  range.  Two  experi- 
mental test  measurement  setups  have  been  auto- 
mated, each  using  a  personal  computer.  One  meas- 
urement system  is  for  calibration  of  vibration  shakers 
that  uses  an  absolute  reciprocity  method,  and  the 
shaker  is  calibrated  by  measuring  the  changes  in  the 
electrical  admittance  of  the  shaker  as  a  function  of  the 
mass  attached  to  the  shaker  table.  The  second  meas- 
urement system  is  for  accelerometer  calibration  by 
comparison  of  a  test  accelerometer  to  a  standard  shak- 
er which  has  been  calibrated  by  an  absolute  method. 


These  automated  measurement  systems  make  use  of 
modern  high  level  languages,  one  in  Pascal  and  one 
in  'C.  The  paper  also  gives  some  comparisons  of  the 
use  of  personal  computers  and  technical  laboratory 
computers. 
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This  Technical  Note  succinctly  presents,  in  the  context 
of  the  NIST  Policy  on  Statements  of  Uncertainty  Asso- 
ciated with  Measurement  Results,  those  aspects  of  the 
ISO  Guide  to  the  Expression  of  Uncertainty  in  Meas- 
urement that  will  be  of  most  use  to  the  NIST  staff  and 
others  in  implementing  that  policy,  which  is  included 
as  Appendix  C.  In  this  second  (1994)  edition  of  Tech- 
nical Note  (TN)  TN  1297,  Appendix  D  has  been  added 
to  clarify  and  provide  additional  guidance  on  a  number 
of  topics  in  response  to  questions  asked  since  the  pub- 
lication of  the  first  (1 993)  edition. 
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This  paper  briefly  reviews  the  characteristics  of  several 
important  vacuum  instruments;  capacitance  dia- 
phragm gauges,  ionization  gauges,  spinning  rotor 
gauges,  and  partial  pressure  or  residual  gas  analyzers. 
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The  measurement  of  small  bores  is  now  and  has  al- 
ways been  a  difficult  measurement  problem.  The  prob- 
lem is  especially  difficult  when  the  length  to  diameter 
ratio  of  the  bore  is  large.  This  paper  presents  a  survey 
of  the  various  techniques  now  in  use  as  well  as  other 
methods  which  have  been  developed  in  the  past.  It  lists 
the  advantages,  disadvantages,  and  expected  accu- 
racy which  can  be  achieved  using  the  various  meth- 
ods. Current  work  using  coordinate  measuring  ma- 
chines to  characterize  the  internal  dimensions  of 
waveguides  is  also  described. 
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electric translators. 

A  loading  device  for  compact  tension  specimens  allow- 
ing fracture  experiments  in  the  scanning  electron  mi- 
croscopy (SEM)  has  been  designed.  Its  key  elements 
are  a  piezoelectric  translator  for  applying  controlled 
displacements  to  the  loading  points  on  the  specimen 
and  a  load  cell  to  measure  applied  loads.  The  effective 
transmission  of  displacement  from  the  piezoelectric 
driver  to  the  specimen  was  found  to  be  the  major  me- 
chanical design  problem.  The  peripheral  equipment  in- 
clude a  function  generator  and  a  high  voltage  amplifier 
to  drive  the  piezoelectric  translator  as  well  as  a  video 
overlay  and  standard  video  equipment  to  record  the 
image  continuously  during  the  course  of  the  experi- 
ment. A  case  study  on  alumina  describes  qualitative 
observations  on  the  toughening  mechanism,  crack- 
interface  bridging,  operating  in  this  material.  Quan- 
titative information  pertaining  to  the  closure  stresses 
associated  with  this  toughening  mode  can  be  obtained 
by  measuring  the  crack  profile. 
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We  have  performed  tests  of  the  measuring  capabilities 
of  two  new  analog  probes  used  with  coordinate  meas- 
uring machines.  Both  probes  are  capable  of  sub-mi- 
crometer accuracies.  The  first  is  an  LVDT-based  three- 
dimensional  analog  probe  with  a  range  of  0.1  mm  and 
a  resolution  of  0.025  micrometers.  We  found  that  the 
repeatability  of  the  probe  is  0.04  micrometers  (1  stand- 
ard deviation)  and  three-dimensional  errors  are  less 
than  0.5  micrometers  at  small  deflections.  The  second 
probe  is  a  non-contact  capacitance  probe.  The  probe 
stylus  is  a  precision  ball  mounted  on  the  end  of  a  hypo- 
dermic needle;  the  probe  detects  the  position  of  a  near- 
by surface  through  measuring  the  capacitance  be- 
tween the  surface  and  the  ball.  The  probe  can  be  used 
as  a  true  analog  probe  or  it  can  simulate  the  operation 
of  a  touch-trigger  probe,  generating  a  trigger  pulse 
when  the  reading  exceeds  a  threshold  value.  The 
repeatability  in  analog  mode  is  0.05  micrometers  and 
the  repeatability  as  a  touch-trigger  probe  is  0.1  mi- 
crometers. Used  as  a  touch-trigger  probe  in  three  di- 
mensions, the  probe  accuracy  is  about  1.3  microm- 
eters. 
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Successful  use  of  thermocouples  for  absolute  or  dif- 
ferential temperature  measurement  at  low  tempera- 
tures requires  that  particular  attention  be  paid  to  ther- 
mocouple sensitivity  and  to  the  relative  importance  of 
thermoelectric  effects  such  as  dilute  impurities,  strain, 
and  inhomogeneity.  An  important  subset  of  cryogenic 
temperature  measurement  involves  magnetic-field  en- 
vironments. Thermocouple  types  and  the  magnetic- 
field  effect  on  the  thermoelectric  sensitivity  are  dis- 
cussed. Reference  tables  based  on  ITS-90  are  given 
for  zero-field  applications. 
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A  wide  variety  of  instrumentation  is  required  to  perform 
state-of-the-art  pressure  measurements  over  the  al- 
most 20  decade  range  of  pressure  that  is  used  in 
science  and  industry  today.  The  uncertainties  associ- 
ated with  such  measurements  similarly  span  a  wide 
range,  from  several  parts  in  a  million  near  atmospheric 
pressure  to  around  10%  or  more  at  both  pressure  ex- 
tremes. This  paper  provides  an  overview  of  the  tech- 
niques, instrumentation  and  uncertainties  associated 
with  the  most  common  primary  measurements  of  pres- 
sure practiced  today.  A  discussion  of  some  of  the  more 
prominent  types  of  pressure  gages  and  transducers  in 
the  various  pressure  regimes  is  also  included. 
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The  79th  Annual  Meeting  of  the  National  Conference 
on  Weights  and  Measures  (NCWM)  was  held  July  17 
through  21,  1994,  at  the  Doubletree  Hotel  at  Horton 
Plaza,  San  Diego,  California.  The  theme  of  the  meeting 
was  'Consensus  Through  Communication.'  Reports  by 
the  standing  and  annual  committees  of  the  Conference 
comprise  the  major  portion  of  this  publication,  along 
with  the  addresses  delivered  by  Conference  officials 
and  other  authorities  from  government  and  industry. 
Special  meetings  included  those  of  the  Metrologists, 
the  Associate  Membership  Committee,  the  Retired  Of- 
ficials Committee,  the  Scale  Manufacturers'  Associa- 
tion, the  American  Petroleum  Institute,  the  Industry 
Committee  on  Packaging  and  Labeling,  and  the  re- 
gional weights  and  measures  associations. 
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Nonlinearities  of  about  10%-15%  in  the  sensitivity  of 
glass  envelope  Bayard-Alpert  gages  (BA  gages)  have 
been  observed  in  the  pressure  range  10(exp  -7)  to 
10(exp  -2)  Pa.  These  nonlinearities  were  studied  in 
modified  BA  gage  tubes  with  platinum  coatings  on  their 
inner  glass  surfaces  by  measuring  the  equilibrium  po- 
tential of  the  platinum  coating  as  a  function  of  pressure. 
The  sensitivities  of  the  gage  systems  (gage  tube  plus 
controller)  were  found  to  depend  on  the  inner  surface 
potential,  and  this  potential  was  found  to  depend  on 
pressure  and  on  the  details  of  the  filament  potential 
waveform  provided  by  the  gage  controller.  It  was  found 
that  the  nonlinearities  could  be  minimized  by  holding 


the  inner  surface  to  a  fixed  direct-current  (dc)  potential, 
by  modifying  the  alternating-current  filament  potential 
wave  form,  or  by  using  a  controller  that  provides  a 
noise-free  dc  filament-heating  current. 
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This  article  presents  a  technique  that  has  been  devel- 
oped specifically  for  drilling  0.5334-mm-diameter,  19- 
mm-deep  holes  in  copper  for  use  in  temperature  meas- 
urement. The  holes  accept  thermocouples,  which  are 
used  for  the  measurement  of  the  temperature  gradient 
and  the  wall  temperature  of  the  specimen.  Errors  due 
to  the  intrusion  of  the  probe,  and  the  finite  size  and 
mass  of  the  probe,  are  reduced  as  the  diameter  of  the 
probes  is  reduced.  A  machining  procedure  for  drilling 
deep  micro  holes  in  copper  cannot  be  found  in  conven- 
tional texts;  this  article  advocates  holes  that  are  deeper 
than  those  traditionally  recommended.  This  article  is 
written  for  both  machinists  and  experimentalists.  Both 
heat  transfer  and  machining  criteria  are  considered. 
The  necessary  equipment  and  their  specifications  are 
discussed.  Special  attention  is  given  to  specifying  drill- 
ing speeds,  feed  rates,  and  lubricants.  Step-by-step 
drilling  instructions  are  given.  An  analysis  is  performed 
to  reveal  the  important  parameters  for  reducing  the  er- 
rors associated  with  the  uncertainty  in  the  location,  the 
relative  position  of  the  thermocouples,  and  the  individ- 
ual temperature  measurements. 
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The  measurement  of  partial  pressures  in  the  ultra  high 
and  extreme  high  vacuum  ranges  (below  about  10(exp 
-6))  is  important  for  residual  gas  analysis  and  the 
measurement  of  low-pressure  constituents  (both  con- 
taminants and  deliberate  additions)  in  higher-pressure 
process  gases.  Mass-spectrometer  type  instruments- 
-partial  pressure  or  residual  gas  analyzers  (PPAs  and 
RGAs)-are  generally  used  for  this  purpose.  Typically, 
these  instruments  consist  of  an  electron-impact 
ionizer,  a  quadrupole  mass  filter,  and  an  ion  detector. 
This  paper  discusses  these  elements  and  other  factors 
that  determine  the  very-low-pressure  performance  of 
these  instruments-detection  limits,  mass  resolution, 
and  stability  and  pressure-dependence  of  the  sensitiv- 
ity. Particular  attention  is  paid  to  ion-source  design  and 
operating  parameters,  the  coupling  of  ions  between  the 
ionizer  and  the  mass  analyzer,  and  the  influence  of  the 
total  pressure  on  partial  pressure  sensitivities. 
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Many  vacuum  processes  are  limited  by  low-level  impu- 
rities introduced  with  process  gases  or  generated  With- 


in 


INDUSTRIAL  &  MECHANICAL  ENGINEERING 
Laboratory  &  Test  Facility  Design  &  Operation 


in  the  process  chamber.  Specific  impurities  are  often 
monitored  using  residual  gas  analyzers  (RGAs)  or  par- 
tial pressure  analyzers  (PPAs),  most  commonly,  mass 
spectrometers  of  the  quadrupole  type.  Unfortunately, 
the  performance  of  these  instruments  can  be  affected 
significantly  by  a  number  of  instrument  and  vacuum 
environment  variables,  so  that  the  sensitivities  of  even 
calibrated  instruments  can  differ  significantly  from  ex- 
pected values.  These  variables  include  ion  source  pa- 
rameters, total  pressure  and  prior  exposure  to  active 
gases.  The  magnitude  of  the  deviations  in  sensitivity 
varies  for  different  instruments,  but  can  reach  orders 
of  magnitude  in  extreme  cases.  This  paper  reviews  the 
important  factors  affecting  instrument  performance,  il- 
lustrates the  magnitude  of  the  effects  for  different  in- 
struments, recommends  instrument  test  procedures, 
and  suggests  operating  parameters  and  procedures 
that  can  minimize  these  effects. 
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The  handbook  presents  the  technical  requirements  of 
the  National  Voluntary  Laboratory  Accreditation  Pro- 
gram (NVLAP)  for  the  Portable  Operating  System 
Interface  (POSIX  program).  It  is  intended  for  informa- 
tion and  use  by  staff  of  accredited  laboratories,  those 
laboratories  seeking  accreditation,  other  laboratory  ac- 
creditation systems,  users  of  laboratory  services,  and 
others  needing  information  on  the  requirements  for  ac- 
creditation under  the  POSIX  program.  This  publication 
supplements  NIST  Handbook  150,  'NVLAP  Proce- 
dures and  General  Requirements'  (PB94-1 78225) 
which  contains  Part  285  of  Title  15  of  the  U.S.  Code 
of  Federal  Regulations  (CFR)  plus  all  general  NVLAP 
procedures,  criteria,  and  policies. 
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Morphological  constraints  inherent  in  the  imaging  proc- 
ess limit  the  possible  shapes  of  the  tip  with  which  any 
given  tunneling  microscope  or  atomic  force  micro- 
scope image  could  have  been  taken.  Broad  tips  do  not 
produce  narrow  image  protrusions.  Therefore,  feature 
sizes  within  the  image  may  be  used  to  place  an  upper 
bound  on  the  size  of  the  tip.  In  this  paper,  mathematical 
morphology  is  used  to  derive,  for  each  point  on  an 
image,  a  corresponding  bounding  surface  for  the  tip. 
The  actual  tip  must  be  equal  to  or  smaller  than  the  larg- 
est tip  which  satisfies  all  of  the  constraints.  Example 
calculations  are  performed,  demonstrating  that  if  the 
imaged  specimen  contains  sharp  features  and  high  re- 
lief, the  tip  shape  deduced  by  this  method  will  be  a 
good  estimate  of  the  actual  one.  Once  known,  the  tip 
geometry  can  be  deconvoluted  from  images  to  recover 
parts  of  the  actual  surface  which  were  accessible  to 
the  tip. 
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The  reference  manual  contains  background  informa- 
tion on  the  International  Organization  for  Standardiza- 
tion (ISO)  and  its  Technical  Committee  184.  It  gives 
a  detailed  explanation  of  the  technical  work  of  TC  1 84's 
Subcommittee  4  (TC  184/SC4)  and  information  on  the 
working  groups  and  advisory  committees  that  carry  out 
that  technical  work. 
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NIST  Handbook  1 50-1 1  presents  the  technical  require- 
ments of  the  National  Voluntary  Laboratory  Accredita- 
tion Program  (NVLAP)  for  accreditation  under  the  Elec- 
tromagnetic Compatibility  and  Telecommunications 
(ECT)  LAP.  There  are  two  program  handbooks  for  he 
ECT  LAP.  The  handbook  covers  test  methods  used  to 
demonstrate  compliance  with  FCC  requirements  given 
in  Title  47  of  the  U.S.  Code  of  Federal  Regulations 
(CFR),  Telecommunication,  Part  15,  Digitial  Devices, 
and  FCC  Part  68,  Analog  and  Digital.  A  second  pro- 
gram handbook,  NIST  Handbook  150-14,  describes 
the  requirements  for  test  methods  in  Military  Standards 
461/462,  Electromagnetic  Compatibility.  Program 
handbooks  are  intended  for  information  and  use  by 
staff  of  accredited  laboratories  and  laboratories  seek- 
ing accreditation,  other  laboratory  accreditation  sys- 
tems, users  of  laboratory  services,  and  others  needing 
information  on  the  requirements  for  accreditation. 
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An  improved  technique  is  described  for  temporarily 
converting  long  gage  blocks  into  line  scales  so  they 
can  be  measured  by  fringe  counting  (dynamic) 
interferometry  in  the  National  Institute  of  Standards 
and  Technology  (NIST)  line  scale  interferometer.  The 
new  process  employs  fuzed  silica  rather  than  the  pre- 
viously used  steel  conversion  gage  blocks.  Conversion 
blocks  are  pairs  of  small  (26  mm)  gage  blocks  with 
graduation  lines  on  their  side  faces.  The  new  conver- 
sion blocks  have  a  number  of  advantages  as  shown 
by  experimental  evidence. 
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ware, Measuring  instruments,  Data  analysis,  Calibrat- 
ing, Coordinate  measuring  systems,  Algorithm  testing 
and  evaluation  program,  Standard  reference  algorithm. 

The  Algorithm  Testing  and  Evaluation  Program  for  Co- 
ordinate Measuring  Systems  (ATEP-CMS)  is  a  NIST 
Special  Test  service  offered  through  the  Office  of 
Measurement  Services  Calibration  Program.  ATEP- 
CMS  evaluates  the  performance  of  data  analysis  soft- 
ware used  in  coordinate  measuring  systems  (CMSs). 
The  report  details  the  CMS  testing  and  evaluating 
methods  that  ATEP-CMS  uses  to  test  and  evaluate  the 
performance  of  CMS  software.  The  report  is  intended 
as  a  guide  to  procedures  for  ATEP-CMS  testing  per- 
sonnel. 
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Calibration  of  gage  blocks  is  one  of  the  oldest  and  most 
sophisticated  measurements  in  dimensional  metrol- 
ogy. This  work  explains  gage  blocks  are  calibrated  by 
both  interferometry  and  mechanical  comparison  at  the 
National  Institute  of  Standards  and  Technology.  The 
basic  physical  and  geometrical  properties,  and  the  limi- 
tations on  calibration  caused  by  these  properties  are 
explained.  All  known  sources  of  uncertainty  are  dis- 
cussed along  with  the  methods  used  to  estimate  these 
uncertainties.  Finally,  the  measurement  assurance 
program  used  to  control  the  calibrations  processes  are 
explained  with  estimates  of  the  process  parameters. 
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Contents: 

An  overview  of  NIST's  Materials  Science  and 

Engineering  Laboratory,  including  the: 
Metallurgy  Division; 
Ceramics  Division; 
Polymers  Division; 
Materials  Reliability  Division; 
Reactor  Radiation  Division; 
and  Office  of  Intelligent  Processing  of  Materials. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  SRM  9983  high  rigidity  ball  bar  stand  is  de- 
signed to  support  a  ball  bar  for  coordinate  measuring 
machine  (CMM)  performance  evaluation.  This  docu- 
ment is  a  user  manual  for  NIST  SRM  9983.  The  man- 
ual contains  the  complete  instructions  for  assembling 
and  using  the  stand. 
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PB95-1 69371.  Also  available  from  Supt.  of  Docs,  as 
SN-703-027-00064-4. 
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No  abstract  available. 
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National  institute  of  Standards  and  Technology  (NIST) 
Handbook  150-16  presents  the  technical  requirements 
of  the  National  Voluntary  Laboratory  Accreditation  Pro- 
gram (NVLAP)  for  Commercial  Products  Testing.  It  is 
intended  for  information  and  use  by  staff  of  accredited 
laboratories,  those  laboratories  seeking  accreditation, 
other  laboratory  accreditation  systems,  users  of  lab- 
oratory services,  and  others  needing  information  on 
the  requirements  for  accreditation  under  the  Commer- 
cial Products  Testing  program. 
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erties, Chemical  properties,  Test  methods,  Compara- 
tive evaluations,  Statistical  quality  control,  Phase, 
Chemical  composition,  Chemical  analysis,  Industries, 
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This  report  contains  the  results  of  an  international 
interlaboratory  comparison  program  (round-robin)  of 
powder  characterization  under  the  auspices  of  Inter- 
national Energy  Agency  (IEA).  The  results  include  the 
contributions  of  25  industrial,  university  and  govern- 
mental laboratories  in  the  Federal  Republic  of  Ger- 
many, Sweden  and  the  United  States.  These  labora- 
tories surveyed  a  variety  of  methods  for  the  character- 
ization of  physical  properties  and  chemical  characteris- 
tics of  ceramic  starting  powders.  For  the  first  time,  data 
from  various  measurement  methods  are  available  for 
critical  comparison.  Results  of  the  same  method  from 
different  laboratories  are  also  provided.  Recommenda- 
tions for  future  studies  are  drawn  from  results  of  the 
present  round-robin. 
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A  recent  group  of  three  articles  presents  stability  test- 
ing results  for  ionization  gages,  discusses  the  causes 
of  gage  instability,  and  describes  a  new  type  of  Bayard- 
Alpert  (BA)  ionization  gage.  Although  the  authors  are 
in  general  agreement  with  the  analysis  of  gage  instabil- 
ity presented  by  Bills,  they  are  concerned  that  the  test 
results  of  Arnold  and  Borichevsky  and  the  discussion 


in  all  three  references  imply  instabilities  for  existing 
types  of  BA  gages  that  are  much  larger  than  they  find 
to  be  the  case.  Here  the  authors  briefly  describe  their 
experience  with  BA  gage  stability,  indicate  why  they 
think  their  results  are  different  from  those  of  Arnold  and 
Borichevsky,  and  describe  the  operating  conditions 
that  they  believe  will  result  in  improved  stability. 
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Included  in  Jnl.  of  Research  of  the  National  Institute 
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An  intercomparison  of  radiance  temperature  scales 
has  been  performed  by  the  National  Physical  Labora- 
tory (NPL)  and  the  National  Institute  of  Standards  and 
Technology  (NIST)  using  a  standard  transfer  pyrom- 
eter operating  at  a  wavelength  of  approximately  1000 
nm.  It  was  found  that  the  radiance  temperature  scales 
established  by  the  two  laboratories  were  in  agreement 
to  0.1%  or  better  of  the  temperature  over  the  range 
1000  degrees  C  to  2500  degrees  C. 
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174. 
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In  this  paper,  theoretical  and  experimental  work  on  sty- 
lus flight  is  described.  Experiments  on  the  surfaces  of 
different  roughness  specimens  with  sinusoidal,  rectan- 
gular, triangular  and  random  waveforms  support  the 
theoretical  model,  which  predict  stylus  flight  from  the 
traversing  speed,  stylus  force,  stylus  radius  and  pa- 
rameters of  the  surface. 
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This  article  presents  and  briefly  discusses  information 
on  the  long-term  stability  of  the  sensitivity  of  Bayard- 
Alpert  ionization  gages  with  time  and  use,  derived  from 
an  analysis  of  data  for  Bayard-Alpert  gauge  calibra- 
tions performed  at  the  National  Institute  of  Standards 
and  Technology  over  a  ten  year  period. 
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The  melting-point  radiance  temperatures  (at  six  wave- 
lengths in  the  range  523-907  nm)  of  the  Group  IVB 
transition  metals  titanium,  zirconium,  and  hafnium 
were  measured  by  a  pulse-heating  technique.  The 
method  is  based  on  rapid  resistive  self-heating  of  the 
specimen  from  room  temperature  to  its  melting  point 
in  less  than  1s  and  on  simultaneously  measuring  the 
specimen  radiance  temperatures  every  0.5  ms  with  a 
high-speed  six-wavelength  pyrometer.  Melting  was 
manifested  by  a  plateau  in  the  radiance  temperature- 
versus-time  function  for  each  wavelength.  The  melting- 
point  radiance  temperatures  for  a  given  specimen  were 
determined  by  averaging  the  measured  temperatures 
along  the  plateau  at  each  wavelength. 
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The  National  Institute  of  Standards  and  Technology 
has  since  its  earliest  days  been  concerned  with  stand- 
ards and  conformity  assessment,  with  regard  to  both 
the  physical  standards  of  measurement  and  documen- 
tary standards  covering  products  and  testing.  We  per- 
form calibration  services,  issue  standard  reference  ma- 
terials and  standard  reference  data,  and  conduct  many 
other  standards-related  activities. 
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The  Workshop  on  the  Measurement  of  Transient  Pres- 
sure and  Temperature  was  held  at  the  National  Insti- 
tute of  Standards  and  Technology  (NIST), 
Gaithersburg,  MD,  on  23-24  April  1 991 .  There  were  77 
attendees,  55%  from  government  and  45%  from  the 
private  sector.  Aerospace,  automotive,  and  instrumen- 
tation manufacturers  were  present  along  with  engi- 
neers from  primate  sector  and  government  (Army, 
Navy,  Air  Force,  and  NASA)  research  organizations. 
The  Army,  Navy  and  NASA  primary  standards  labora- 
tories also  were  represented.  The  workshop  drew 
international  attention  with  participants  from  Taiwan, 
Sweden,  Austria,  and  France.  Only  France  currently 
offers  transient  pressure  calibrations  as  part  of  their 
national  measurement  system.  The  purpose  of  the 
workshop  was  to  identify  current  and  emerging  meas- 
urement problems  and  needs  for  transient  pressure 
and  temperature  measurements,  to  explore  scientific 
and  technical  barriers,  and  opportunities  for  achieving 
measurement  accuracy  goals,  and  to  assist  in  the  for- 
mulation of  an  appropriate  role  for  NIST. 
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The  Edlen  equation  has  become  the  standard  method 
of  relating  the  index  of  refraction  of  air  to  the  air  tem- 
perature, pressure  and  humidity.  The  recent  sugges- 
tion for  improvements  in  the  humidity  dependence  by 
Birch  and  Downs  has  been  verified  at  the  0.633  mi- 
crometers He-Ne  laser  wavelength  using  the  line  scale 
interferometer  at  the  National  Institute  of  Standards 
and  Technology  (NIST). 
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The  80th  Annual  Meeting  of  the  National  Conference 
on  Weights  and  Measures  (NCWM)  was  held  July  16 
through  20, 1995,  at  the  Holiday  Inn  By  the  Bay,  Port- 
land, Maine.  The  theme  of  the  meeeting  was  'Quality 
Partnerships  and  Programs  through  Education.'  Re- 
ports by  the  standing  and  annual  committees  of  the 
Conference  comprise  the  major  portion  of  this  publica- 
tion, along  with  the  addresses  delivered  by  Conference 
officials  and  other  authorities  from  government  and  in- 
dustry. Special  meetings  included  those  of  the 
Metrologists,  the  Associate  Membership  Committee, 
the  Retired  Officials  Committee,  the  Scale  Manufactur- 
ers' Association,  the  American  petroleum  Institute,  the 
Industry  Committee  on  Packaging  and  Labeling,  the 
regional  weights  and  measures  associations,  and  the 
National  Association  of  State  Departments  of  Agri- 
culture Weights  and  measures  associations,  and  the 
National  Association  of  State  Departments  of  Agri- 
culture Weights  and  Measures  Division. 
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Field  standard  volumetric  flasks  and  graduated  cyl- 
inders as  described  herein  are  intended  to  be  used  by 
weights  and  measures  officials,  manufacturers  and 
distributors  of  liquid  products,  research  and  testing  lab- 
oratories, and  others  concerned  with  accurate  meas- 
urements of  the  volume  of  liquids.  This  handbook  volu- 
metric flasks  with  graduated  necks  and  graduated  cyl- 
inders for  legal  metrology  applications  as  'field  stand- 
ards.' 
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The  complex  sensitivity  of  a  laboratory  reference  pi- 
ezoelectric accelerometer  in  combination  with  a  charge 
amplifier  is  obtained  by  comparison  against  two  NIST 
standards  which  are  calibrated  periodically  by  reciproc- 
ity and  by  interferometric  techniques.  For  each  condi- 
tion of  test,  a  dynamic  signal  (FFT)  analyzer  is  used 
to  obtain  estimates  of  the  complex  frequency  response 
function  (complex  voltage  output  of  the  system  under 
test  relative  to  that  of  the  reference  system)  and  the 
coherence  function  from  rms  trispectral  averages,  as 
well  as  to  obtain  time  averages  of  the  complex  linear 
spectra  of  the  voltage  outputs  of  the  system  under  test 
and  the  reference  system.  Together  with  the  calibrated 
complex  sensitivity  of  the  reference  system,  these 
spectra  may  then  be  used  to  estimate  the  magnitude 
of  the  sensitivity  of  the  system  under  test  as  a  function 
of  frequency,  and  to  obtain  an  estimate  of  the  mag- 
nitude of  the  peak  output  voltage  of  the  system  under 
test  relative  to  the  magnitude  of  the  peak  acceleration 
for  each  condition  of  test. 
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This  paper  tells  how  ultrasound  power  levels  between 
100  microwatts  and  25  watts  at  frequencies  between 
0.5  MHz  and  200  HMz  are  measured  at  NIST.  Ultra- 
sonic radiation  pressure,  the  phenomenon  most  com- 
monly used  by  ultrasound  power  meters,  is  described 
in  the  context  of  an  instrument  devised  at  NIST  to  mini- 
mize all  known  associated  components  of  uncertainty. 
Also,  described  are  an  electronic  switching  technique 
for  high  precision  pulse  generation,  and  a  calibration 
transfer  technique  which  bases  replicated  ultrasound 
power  levels  on  measurements  of  dc  voltage. 
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Simple  experiments  are  described  for  the  purpose  of 
illustrating  measurement  errors  and  their  avoidance 
during  use  of  Gardon  or  Schmidt-Boelter  total  heat  flux 
sensors.  These  errors  can  assume  serious  proportions 
of  the  observed  signal  at  flux  levels  below  about  15 
kW/sq.  m.  They  result  from  two  sources,  both  a  con- 
sequence of  the  flux  gage's  temperature  relative  to  its 
surrounding:  firstly,  convective  heating  of  the  gage  by 
the  boundary  layer  from  hot  surfaces  surrounding  it 
and  second,  heat  exchange  with  the  ambient  environ- 
ment by  radiation  and  convection.  Some  proposals  are 
made  for  standardizing  measurement  methods,  but  it 
seems  unlikely  that  errors  in  measurement  can  be 
completely  eliminated.  It  thus  becomes  important  for 
users  of  experimentally  derived  data  to  understand  the 
limitations  which  may  exist  in  the  data  reported. 
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The  American  National  Standards  Institute  (ANSI), 
ACIL  (formerly  the  American  Council  of  Independent 
Laboratories),  and  NIST  co-sponsor  an  informal  Lab- 
oratory Accreditation  Working  Group  (LAWG)  com- 
posed of  representatives  of  laboratories,  their  govern- 
mental and  private  sector  customers,  accreditation 
bodies,  and  those  public  and  private  sector  institutions 
that  require  laboratory  accreditation.  At  a  Forum  on 
October  13,  1995,  reports  were  presented  by  sectoral 
interests,  along  with  a  Vision  and  Principles  proposed 
by  the  LAWG  Steering  Committee,  aimed  at  develop- 
ing a  consensus  for  the  formation  of  an  integrated,  cost 
effective  infrasturcture  for  laboratory  accreditation  in 
the  United  States,  mutual  recognition  of  qualified  bod- 
ies, and  facilitation  of  trade  based  on  test  results  from 
competent  bodies.  These  Proceedings  are  a  transcript 
of  papers  presented  and  ensuing  floor  discussions  at 
the  Forum. 
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As  part  of  its  program  to  encourage  a  high  degree  of 
technical  and  professional  competence  in  such  activi- 
ties, the  National  Institute  of  Standards  and  Tech- 
nology (NIST)  Office  of  Weights  and  Measures  (OWM) 
has  developed  performance  standards  and  formalized 
procedures  for  voluntary  accreditation  of  State  legal 
metrology  laboratories.  This  Handbook  describes  the 
procedures  followed  in  accrediting  State  (and  a  few 
other  jurisdictional)  legal  metrology  laboratories  for 
competence. 
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This  document  presents  information  on  178  private 
sector  groups  in  the  United  States  which  engage  in 
product  certification  activities.  Entries  describe  the  type 
and  purpose  of  each  organization,  the  nature  of  the  ac- 
tivity, a  pictorial  representation  of  the  organization's 
mark  (if  available),  products  certified,  standards  used, 
certification  requirements,  any  accreditation  or  rec- 
ognition by  a  U.S.  or  foreign  private  sector  or  govern- 
ment agency,  availability  of  services,  methods  of  cost 
determination,  and  other  relevant  details. 
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A  high-accuracy  sampling  wattmeter  was  developed  at 
the  National  Institute  of  Standards  and  Technology 
(NIST)  to  investigate  the  feasibility  of  using  waveform 
sampling  techniques  for  making  very  accurate  power 
measurements  at  frequencies  from  50  Hz  to  1000  Hz. 
The  goal  of  this  effort  was  to  develop  an  instrument 
having  a  full  scale  measurement  uncertainty  over 
these  frequencies  of  less  than  plus  or  minus  50  micro 
W/W.  The  prototype  instrument  that  came  out  of  the 
development  was  used  to  demonstrate  the  accuracy 
achievable  with  the  digital  sampling  method.  The  new 
high-accuracy  sampling  wattmeter  was  built  around  a 
wideband  instrument  developed  earlier  at  NIST. 
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The  article  covers  the  development,  organization,  and 
use  of  the  Examination  Procedure  Outlines  (EPO's) 
published  by  the  National  Conference  on  Weights  and 
Measures  in  cooperation  with  the  National  Institute  of 
Standards  and  Technology  (NIST).  EPO's  are  outlines 
of  requirements  from  the  General  Code  and  specific 
device  codes  of  NIST  Handbook  44,  Specifications 
Tolerances,  and  Other  Technical  Requirements  for 
Weighing  and  measuring  Devices,  that  apply  to  a  cer- 
tain category  of  commerical  devices,  such  as  vehicle 
scales  or  motor-fuel  dispensers.  They  are  used  by 
State  and  local  weights  and  measures  officials  as  well 
as  device  manufacturers  and  service  companies  to 
check  a  devices  compliance  with  legal  requirements. 
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In  the  brief  paper,  the  authors  will  discuss  the  status 
of  the  current  realization  of  the  International  Tempera- 
ture Scale  of  1990  (ITS-90)I  over  its  entire  range  asso- 
ciated with  contact  thermometry,  various  development 
projects,  and  the  current  research.  Then,  they  will  ad- 
dress the  trends  in  temperature  measurements  at  the 
National  Institute  of  Standards  and  Technology  (NIST), 
discuss  some  cooperative  projects  between  NIST  and 
the  Istituto  de  Metrologia  'G.  Colonnetti'  (IMGC),  and 
conclude  with  a  brief  discussion  of  the  Mutual  Agree- 
ment between  NIST  and  IMGC  on  Equivalence  ot  Na- 
tional Scales  of  Temperature. 
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The  paper  presents  three  parts  of  a  national  metrology 
system  -  a  system  linked  to  other  nations  (e.g.,  trading 
partners)  and  to  the  local  industries,  and  one  in  which 
industries  having  common  metrology  needs  are 
strongly  linked.  The  three  parts  of  this  system  are 
measurement  comparability,  traceability,  and  assur- 
ance. 
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A  brief  summary  is  given  of  the  developments  in  optical 
techniques  for  rapid  temperature  measurement  during 
the  last  three  decades  in  two  national  laboratories,  the 
National  Institute  of  Standards  and  Technology  in  the 
USA  and  the  Instituto  di  Metrologia  'G.  Colonnetti'  in 
Italy.  Results  of  research  conducted  in  originating  and 
advancing  the  state-of-the-art  in  high-speed 
(millisecond-  and  microsecond-resolution)  pyrometry 
for  measurement  of  temperatures  in  the  range  1000 
K  to  5000  K  are  discussed.  The  main  emphasis  is  on 
several  key  issues  related  to  high-speed  pyrometry  in- 
cluding: high-speed  operation,  calibration  of 
pyrometers,  determination  of  true  temperature  and 
high-temperature  reference  points.  Anticipated  future 
directions  in  research,  developments  and  applications 
in  high-speed  pyrometry  are  briefly  discussed. 
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Spectral  radiometry  and  laser  polarimetry  are  two  inde- 
pendent methods  for  measurement  of  spectral  emis- 
sivity of  materials.  In  the  paper,  a  high-speed  system 
is  described  for  the  rapid  measurements  of  normal 
spectral  emissivity  of  a  specimen  based  on  the  simulta- 
neous utilization  of  the  two  techniques.  One  of  the 
goals  of  the  work  is  to  ascertain  the  reliability  of  the 
laser  polarimetry  technique  in  measurement  of  normal 
spectral  emissivity  at  high  temperatures.  To  accom- 
plish this,  normal  spectral  emissivity,  in  the  vicinity  of 
0.633  m,  of  molybdenum  and  tungsten  were  measured 
by  the  two  techniques  in  the  temperature  range  2000- 
2800  K.  The  results  obtained  by  the  two  techniques 
are  in  agreement  with  1%.  The  total  uncertainty  (two 
standard-deviation  level)  in  measurement  of  emissivity 
by  either  spectral  radiometry  or  laser  polarimetry  tech- 
nique is  estimated  to  be  not  more  than  plus  or  minus 
2%. 
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NIST's  new  Advanced  Technology  Laboratory  (ATL) 
has  a  program  goal  to  create  the  most  environmentally 
stable  laboratory  in  the  world,  in  support  of  NIST's  mis- 
sion in  basic  research  and  measurement  standards. 
The  presentation  will  outline  NIST  and  its  place  in  the 
global  measurement  community,  an  overview  of  the 
new  ATL  design,  a  focus  on  several  areas  of  research 
for  which  the  new  ATL  is  critical,  and  a  presentation 
on  the  research  project  itself. 
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This  symposium  held  in  observance  of  the  90th  anni- 
versary of  the  National  Institute  of  Standards  and 
Technology  and  the  25th  anniversary  of  NIST's 
Gaithersburg,  MD,  laboratories.  The  first  day's  pro- 
gram included  sessions  on  emerging  technologies, 
proprietary  vs.  non-proprietary  research,  educating  the 
workforce,  and  the  view  from  the  U.S.  Congress.  On 
the  second  day  NIST  directors  and  researchers  de- 
scribed some  of  the  latest  research  at  the  Institute. 
Topics  included  advanced  technology;  competitive- 
ness; computational  geometry;  computer  performance, 
fire  research;  artificial  intelligence  and  robotics;  the  his- 
tory of  NIST  and  the  future  of  NIST;  optical  technology; 
science  education;  and  surface  science. 
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Over  the  last  20  years  more  advanced  surface  treat- 
ments have  been  developed.  While  some  have  been 
widely  deployed  (physical  vapor  deposition,  chemical 
vapor  deposition,  thermal  spray,  and  plasma  nitriding, 
for  example),  others  are  less  commonly  used,  or  are 
just  beginning  to  appear  commercially  (including  ion 
implantation,  diamond  coating,  and  laser  coating).  The 
purpose  of  this  volume  is  to  provide  information  on  the 
basics  of  advanced  surface  engineering  processes  to 
small  businesses,  especially  to  those  not  currently  di- 
rectly involved  with  the  technology,  in  order  to  make 
them  aware  of  the  current  state  of  the  art.  Each  chapter 
has  been  written  by  an  industrial  expert  in  the  particular 
area,  and  following  the  basic  description  of  the  tech- 
nology are  sections  outlining  the  needs  of  the  surface 
treatment  (such  as  better  controls,  improved  materials, 
or  better  knowledge  of  fundamental  processes)  and 
the  future  markets  that  can  be  expected  to  open.  Meet- 
ing these  needs  and  exploiting  these  new  markets  is 
likely  to  be  best  done  by  the  combined  efforts  of 
present  providers  with  companies  whose  experience 
lies  in  entirely  different  areas,  and  it  is  this  type  of 
cross-fertilization  that  this  volume  seeks  to  promote. 
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Comparison,  Glass  fiber  reinforced  plastics,  Newto- 
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The  in-plane  flow  of  fluids  through  dense  fibrous  woven 
reinforcements  was  studied  to  aid  the  development  of 
constitutive  models  for  use  in  simulations  of  composite 
fabrication  by  resin  transfer  molding.  As  a  first  part  of 
this  effort,  both  one-dimensional  and  radial  flow  experi- 
ments were  conducted  with  Newtonian  fluids  in  several 
woven  glass  fabrics.  Analysis  of  the  one-dimensional 
flow  experiments  shows  that  the  two  experimental 
techniques  are  often,  but  not  always,  consistent,  and 
both  techniques  suggest  a  relationship  between  the 
physical  structure  of  the  reinforcement  and  the  mathe- 
matical structure  of  the  permeability  tensor.  Preform 
features  at  the  laminar  and  interlaminar  scales  were 
hypothesized  to  influence  the  experimental  results. 
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Effects  of  Spindle  Dynamic  Characteristics  on 
Hard  Turning. 

Final  rept. 

K.  Harper,  M.  Davies,  and  A.  Donmez.  1995,  4p. 
Pub.  in  International  Precision  Engineering  Seminar 
Proceeding  (8th),  Compiegne,  France,  May  15-19, 
1995,  4p. 

Keywords:  "Machining,  "Lathes,  "Precipitation  harden- 
ing, Manufacturing,  Mechanical  properties,  Spindles, 
Reprints,  "Foreign  technology. 

Error  motions  between  the  tool  and  workpiece  during 
cutting  operations  affect  the  surface  finish  of  the  final 
products.  These  error  motions  arise  from  a  number  of 
different  sources  including  asynchronous  axial  ma- 
chine and  process  vibrations,  tool  wear,  and  tool  edge 
build  up.  In  this  work,  the  error  motions  and  dynamic 
characteristics  of  a  tapered-roller  bearing  spindle  with 
adjustable  bearing  preload  were  measured,  and  their 
effect  on  hard  turned  surfaces  was  assessed. 
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Evaluation  of  a  Tapered  Roller  Bearing  Spindle  for 
High-Precision  Hard  Turning  Applications. 

Final  rept. 

M.  A.  Donmez,  K.  Harper,  L.  Greenspan,  Y. 
Matsumoto,  and  L.  Keller.  1993,  6p. 
Pub.  in  Annual  Meeting  of  the  American  Society  for 
Precision  Engineering  (8th),  Seattle,  WA.,  November 
7-12, 1993,  6p. 

Keywords:  "Spindles,  "Maching,  "Axes  of  rotation,  Pre- 
cision, Defects,  Roller  bearings,  Metrology,  Reprints, 
"Hard  turning. 

In  this  study,  we  are  to  evaluate  a  spindle  which  con- 
sisted of  a  pair  of  high  precision  tapered  roller  bearings 
including  a  HYDRA-RIB  tapered  roller  bearing.  Roller 
bearing  spindles  are  used  for  applications  that  require 
high  bearing  stiffness,  and  can  be  good  candidates  for 
applications  such  as  precision  hard  turning.  For  eval- 
uation purposes,  we  have  classified  our  measure- 
ments into  four  categories:  axis  of  rotation  errors,  ther- 
mal growth,  static  stiffness,  and  dynamic  stiffness  and 
damping.  In  this  presentation,  we  will  focus  on  the  axis 
of  rotation  error  measurements.  In  addition  to  evaluat- 
ing the  performance  of  the  spindle,  we  will  show  that 
the  axis  of  rotation  error  measurements  can  also  be 
used  to  help  diagnose,  analyze  and  improve  the  spin- 
dle design. 
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Infinite  Divisibility  and  the  Identification  of  Sin- 
gular Waveforms. 

Final  rept. 

A.  S.  Carasso.  1992,  Up. 

Pub.  in  Proceedings  of  Conference  on  Probabilistic 
and  Stochastic  Methods  in  Analysis,  with  Applications, 
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Keywords:  "Ultrasonic  tests,  Nondestructive  tests, 
System  identification,  Wave  propagation,  Elastic 
waves,  Volterra  equations,  Stochastic  processes, 
Waveforms,  Reprints,  Flaw  detection,  Impulse  re- 
sponse, Deconvolution,  Divisibility. 


Infinitely  divisible  probability  density  functions  on  the 
half-line  t  =  or  >  0  form  a  convolution  semigroup  on 
t  =  or  >  0,  as  they  describe  stochastic  processes  with 
stationary,  non-negative,  independent  increments.  A 
subclass  D  of  such  densities  are  C(sup  infinity)  func- 
tions on  the  whole  t-line  when  extended  by  zero  for 
t  <  0.  Such  functions  may  be  viewed  as  physically  re- 
alizable, causal,  C(sup  infinity)  approximations  to  the 
Dirac  delta-function,  with  further  positivity  properties. 
The  use  of  such  probe  waveforms  for  system  identi- 
fication is  particularly  advantageous  in  transient  wave 
propagation  problems,  where  the  system's  impulse  re- 
sponse is  typically  highly  singular.  An  ill-posed 
deconvolution  problem  must  be  solved  to  recover  the 
system's  response;  the  semigroup  and  positivity  prop- 
erties of  the  input  probe  enable  the  deconvolution 
problem  to  be  implemented  as  a  Cauchy  problem  or 
a  diffusion  equation.  The  approach  allows  the  analyst 
to  monitor  the  gradual  and  systematic  development  of 
sharp  singularities  in  the  presence  of  noise.  One  im- 
portant context  where  this  theory  applies  is  ultrasonic 
flaw  detection  in  nondestructive  evaluation. 
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National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD.  Ultrasonics  Group. 

NIST  Calibration  of  ASTM  E127-Type  Ultrasonic 

Reference  Blocks. 

J.  A.  Slotwinski,  and  G.  V.  Blessing.  May  94,  49p, 

NISTIR-5430. 

See  also  PB-258105. 


Keywords:  "Calibrating,  "Standards,  Ultrasonic  wave 
transducers,  Underwater  acoustics,  Ultrasonic  tests, 
Nondestructive  tests,  "Ultrasonic  reference  blocks, 
Aluminum  alloy  7075,  US  NIST. 


This  document  describes  the  procedures  and  instru- 
mentation used  by  the  National  Institute  of  Standards 
and  Technology  (NIST)  in  calibrating  aluminum  ultra- 
sonic reference  blocks.  The  Ultrasonics  Group  per- 
forms this  calibration  service  for  technological  and  in- 
dustrial customers.  The  calibration  is  based  on  the 
American  Society  of  Testing  and  Materials  (ASTM) 
recognized  practice  for  calibrating  aluminum  reference 
blocks,  designated  E127-92a.  Instructions  for  request- 
ing calibrations  of  ultrasonic  reference  blocks  are  con- 
tained in  Appendix  I  of  this  document.  The  NIST  ultra- 
sonic reference  block  calibration  service  was  origi- 
nated in  the  late  1970's,  and  is  described  in  the  NBS 
Technical  Note  924  (PB258105).  At  that  time  the  appli- 
cation of  one  master  block  for  use  as  a  reference 
standard  was  considered  to  be  a  temporary  or  interim 
measure.  Today  NIST  uses  this  master  block  to  set  the 
ultrasonic  system  sensitivity  in  all  calibrations  of  ultra- 
sonic reference  block  sets.  In  addition,  there  are  sev- 
eral newly  implemented  practices  employed  for  check- 
ing the  calibration  system  characteristics,  both  over  a 
period  of  years  and  in  preparation  for  a  particular  cali- 
bration. This  current  document  updates  the  NBS  Tech- 
nical Note  924  in  describing  these  practices  for  our 
calibration  procedure. 
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Comparison  of  Techniques  for  Nondestructive 
Composition  Measurements  in  CdZnTe  Sub- 
strates. 

Final  rept. 

S.  P.  Tobin,  J.  P.  Tower,  P.  W.  Norton,  V.  C.  Lopes, 
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Pub.  in  Jnl.  of  Electronic  Materials,  v24  n5  p697-705 
1995. 

Keywords:  "Nondestructive  tests,  "Alloys, 
"Photoluminescence,  Semiconductors(Materials),  Op- 
tical measurement,  Chemical  composition,  Lattice  pa- 
rameters, Cadmium  alloys,  X  ray  diffraction,  Precision, 
Accuracy,  Comparative  evaluations,  Variations, 
Epitaxy,  Reprints,  Photoreflectance. 

The  authors  report  an  overview  and  a  comparison  of 
nondestructive  optical  techniques  for  determining  alloy 
composition  x  in  Cd,  Zn,  Te  substrates  for  HgCdTe 
epitaxy.  The  methods  for  single-point  measurements 
include  a  new  x-ray  diffraction  technique  for  precision 
lattice  parameter  measurements  using  a  standard 
high-resolution  diffractometer,  room-temperature 
photoreflectance,  and  low-termperature 

photoluminescence.  The  authors  compare  measure- 
ments on  the  same  set  of  samples  by  all  three  tech- 
niques. Comparisons  of  precision  and  accuracy,  with 
a  discussion  of  the  strengths  and  weaknesses  of  dif- 
ferent techniques,  are  presented. 
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Sponsored  by  Harry  Diamond  Labs.,  Adelphi,  MD. 
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"Image  resolution,  Blurring,  Focusing,  Gray  scale, 
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The  authors  studied  the  edge  of  a  thin  step  wedge  with 
a  scanned-beam  laminography  system  to  learn  how 
material  above  and  below  the  plane  of  focus  contrib- 
utes to  the  image.  The  edge  of  a  planar,  0.5  mm  (0.02 
in.)  Thick  lead  sheet  with  large  x  and  y  dimensions  was 
centered  in  the  field  of  view.  Images  were  captured  as 
the  lead  sheet  was  moved  in  0.075  mm  (0.003  in.) 
Steps  above  and  below  the  plane  of  focus  of  the  sys- 
tem. The  blurring  (measured  as  its  width  on  the  image) 
was  no  more  than  0.1  mm  (0.004  in.,  or  the  system 
resolution)  when  the  sheet  was  in  focus  and  increased 
linearly  with  the  deviation  from  focus.  Blurring  of  out- 
of-plane  objects  is  an  essential  feature  of  this 
laminography  system,  and  is  used  to  minimize  the  con- 
tribution to  the  image  from  material  above  and  below 
the  plane  of  focus.  The  authors  also  imaged  various 
three-dimensional  structures  to  show  the  ability  of 
laminography  to  resolve  different  planes  of  focus. 
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Pub.  in  Review  of  Progress  in  Quantitative  Non- 
destructive Evaluation,  v14  p1633-1639  1995. 
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Deformation,  Reprints,  "Void  shapes. 

Void  shape  in  sintered  materials  is  important  because 
the  shape  affects  both  physical  and  plastic-deforma- 
tion problem.  For  example,  the  mechanical  stress  dis- 
tribution around  a  disc-shaped  void  differs  drastically 
from  that  around  a  spherical  void.  Thompson,  Spitzig, 
and  coworkers  made  ultrasonic  studies  on  compacted 
iron.  Haynes  reviewed  the  general  topic  of  mechanical 
properties  of  sintered  materials.  Because  voids  are 
small,  three-dimensional,  and  essentially  empty  space 
between  grains,  their  geometry  determination  presents 
formidable  problems.  Here,  we  take  an  indirect  ap- 
proach to  void  shape:  measure  longitudinal-wave  and 
transverse-wave  sound  velocities,  use  a  solid-mechan- 
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ics  model  that  predicts  effective  ('composite')  sound 
velocities  from  matrix  sound  velocities  and  occlusion 
phase  geometry,  use  model  inversely  to  estimate  void 
shape. 
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Also  available  from  Supt.  of  Docs,  as  SNO03-003- 
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Keywords:  'Semiconductor  devices,  "Optical  measure- 
ment, "Silicon,  Ellipsometry,  Infrared  spectroscopy, 
Interferometry,  Photoluminescance,  Optical  micros- 
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Contactless,  nondestructive  optical  methods  are  used 
to  characterize  many  critical  properties  of  materials, 
processes,  and  devices  in  the  semiconductor  industry. 
To  determine  the  extent  of  use  and  the  relative  impor- 
tance of  various  opticals  methods  in  the  industry,  the 
Smeiconductor  Electronics  Division  of  the  National  In- 
stitute of  Standards  and  Technology  conducted  a  sur- 
vey of  this  field.  The  survey  also  sought  to  identify  both 
advantages  and  limitations  of  these  techniques  as  well 
as  future  requirements  for  and  anticipated  use  of  opti- 
cal characterization  methods  within  the  semiconductor 
industry.  Data  from  42  firms  were  analyzed  to  show 
the  impact  of  the  methods,  what  they  measure,  their 
range  and  precision,  and  their  cost.  A  significant  find- 
ing of  the  study  is  the  need  expressed  by  many  indus- 
trial users  for  improved  standards  and  test  methods  for 
optical  characterization,  especially  in  the  area  of  film 
thickness  and  composition. 
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The  average  stress  is  determined  in  the  region  through 
which  the  waves  propagate,  as  indicated  by  the  cross- 
hatching:  (1)  through-thickness  pulse-echo;  (2) 
through-thickness  pitch-catch;  and  (3)  surface  pitch- 
catch. 
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From  May  1 7  to  June  1 , 1 989,  a  survey  team  organized 
by  the  National  Institute  of  Standards  and  Technology 
visited  Japan  to  assess  research  and  application  of 
statistical  quality  control  technology.  The  team  ex- 
plored the  philosophy  and  conduct  of  total  quality  con- 
trol (TQC)  in  Japanese  industries,  government  labora- 
tories, and  national  agencies.  The  philosophy  and 


practice  of  TQC  in  Japan  is  quite  different  from  that 
of  the  U.S.  industries. 
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National  and  international  published  standards  on  the 
performance  evaluation  of  coordinate  measuring  ma- 
chines (CMMs)  require  various  artifacts  to  facilitate 
testing  of  these  machines.  Standard  Reference  Mate- 
rial (SRM)  2084,  developed  by  the  National  Institute 
of  Standards  and  Technology,  is  a  calibrated  10mm  di- 
ameter sphere  and  mount  designed  to  aid  in  CMM,  and 
specifically  CMM  probe,  performance  assessment. 
This  publication  serves  as  a  users'  manual,  with  gen- 
eral instructions  on  the  care  and  use  of  SRM  2084. 
Reference  to  relevant  tests  in  the  ASME  B89.1.12M- 
1990  CMM  performance  standard  as  well  as  several 
performance  issues  not  addressed  in  the  Standard  are 
presented. 
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We  are  developing  an  active  vibration  isolation  system 
for  reducing  the  disturbing  effects  of  ground  motion 
about  six  orders  of  magnitude  between  1  and  30  Hz. 
The  system  consists  of  three  cascaded  stages,  each 
comprising  a  suspended  platform  on  which  are  located 
seismometers  and  actuators  for  six  degrees  of  free- 
dom. Our  goal  is  to  reduce  the  vibration  noise  to  (1 
x  10(exp  -13)  x  (1  Hz/f)(sup  2.5)  +  3  x  10(exp  -15))m/ 
Hz(sup  1/2)  on  the  third  stage.  We  have  built  and  test- 
ed the  initial  stage,  which  is  intended  to  reduce  our  lab- 
oratory noise  level  to  that  of  a  quiet  site.  The  design, 
control  system  models,  measured  performance  and 
current  limitations  for  this  stage  are  presented.  The  two 
main  stages  require  a  vacuum  environment  and 
interferometric  readout.  The  design  and  models  for  the 
main  stages  are  also  presented. 
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The  dilemma  is  to  find  suitable  techniques  and  media 
to  preserve  information  now  stored  on  media  with  a 
short  life  expectancy.  A  stable  recording  media  such 
as  an  acid  free  buffered  paper  on  microfilm,  where  the 
information  is  in  human  readable  form  and  has  access 
suitable  to  its  needs,  is  the  best  solution  today.  Infor- 
mation requiring  frequent  access  should  be  indexed 
and  stored  in  a  digital  form  for  rapid  automated  re- 
trieval with  a  back-up  on  a  permanent  medium.  To- 
day's digital  systems,  which  are  essential  for  rapid  ac- 
cess, are  not  suitable  for  preservation  because  of  the 
continuous  changes  in  computer  technology. 
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Keywords:  "Documents,  "Text  processing,  "Computer 
applications,  Format,  Data  processing,  Text  editors, 
Reprints. 

This  report  provides  a  narrative  description  of  influen- 
tial papers  that  discuss  computer-based  document 
preparation  systems.  The  report's  focus  is  on  the  sys- 
tems actually  used  to  prepare  documents-editors  and 
formatters,  and  the  goal  is  to  provide  an  introduction 
to  the  papers  that  have  been  influential  on  the  commu- 
nity of  researchers  who  investigate  such  systems. 

02,713 

PB96-157896       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (BFRL), 
Gaithersburg,  MD.  Fire  Safety  Engineering  Div. 
Evolution  of  a  United  States  Information  System. 

Final  rept. 

N.  H.  Jason.  1993,  10p. 

Pub.  in  Proceedings  of  the  inFIRE  Annual  Conference, 
Norwood,  MA.,  April  28-30,  1993,  p89-98. 

Keywords:  "Bibliographic  databases,  "Computer  net- 
works, "Fire  research,  Information  dissemination,  Re- 
prints, Internet. 

As  part  of  the  current  information  activities  in  the  Unit- 
ed States,  the  Conference  for  Exploration  of  a  National 
and  Engineering  Information  Service  is  discussed,  in 
addition  to  the  Internet  and  the  proposed  NREN  (Na- 
tional Research  Education  Network).  Challenges  to  the 
fire  community  to  bridge  the  information  gap  are  pre- 
sented. 
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Information  Transfer  in  the  21st  Century. 
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Pub.  in  Proceedings  of  the  International  Fire  Informa- 
tion Conference  (1st),  Moreton-in-Marsh, 
Gloustershire,  England,  April  27-May  1,  1992,  p133- 
142  1993. 

Keywords:  "Fire  research,  "Information  transfer,  Poli- 
tics, Libraries,  Reprints,  "Foreign  technology. 

The  impact  of  technological  advances  and  some  politi- 
cal events  are  discussed  in  the  context  of  current  infor- 
mation activities.  Several  examples  of  new  and  excit- 
ing projects  in  information  technology  in  print  and  non- 
print  activities  are  presented.  The  role  of  the  informa- 
tion professional  and  specifically  the  future  role  of  fire 
libraries  concludes  the  discussion. 
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Putting  the  Information  Infrastructure  to  Work:  Re- 
port of  the  Information  Infrastructure  Task  Force 
Committee  on  Applications  and  Technology. 

May  94,  116p,  NIST/SP-857,  ISBN-0-1 6-0431 88-3. 

Keywords:  "Communication  networks,  "Computer  net- 
works, "Information  systems,  Technology  utilization, 
Commerce,  Computers,  Education,  Environmental 
monitoring,  Libraries,  Manufacturing,  Public  health, 
Technology  assessment. 

The  Committee  on  Applications  and  Technology  of  the 
Information  Infrastructure  Task  Force  is  charged  with 
coordinating  efforts  to  develop,  demonstrate,  and  pro- 
mote applications  of  information  technology  in  several 
diverse  areas  and  to  develop  and  recommend  tech- 
nology strategies  and  policy  to  accelerate  the  imple- 
mentation of  the  National  Information  Infrastructure 
(Nil).  The  goal  of  this  document  is  to  focus  the  public 
debate  on  the  uses  of  the  Nil  and  the  benefits  of  ad- 
vanced computing  and  communications  technologies. 
Seven  applications  papers  are  presented  which  ad- 
dress manufacturing,  electronic  commerce,  health 
care,  education  and  lifelong  learning,  environmental 
monitoring,  libraries,  and  government  service  delivery. 
In  each  of  these  papers  a  description  of  the  application 
arena  is  given  along  with  a  summary  of  the  current  in- 
formation technology  uses,  short  and  long  term  goals, 
and  issues  related  to  how  these  goals  coufd  be 
achieved. 
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In  National  Aeronautics  and  Space  Administration, 
NASA  Sti  Program  Coordinating  Council  Twelfth  Meet- 
ing: Standards  p  116-158. 

Keywords:  "Computer  networks,  "Government  pro- 
curement, "Information  systems,  "Standards,  Data 
bases,  Data  transfer  (Computers),  Proposals. 

Relationships  between  the  request  for  procurement 
(RFP)  process  and  open  system  environment  (OSE) 
standards  are  described.  A  guide  was  prepared  to  help 
Federal  agency  personnel  overcome  problems  in  writ- 
ing an  adequate  statement  of  work  and  developing  re- 
alistic evaluation  criteria  when  transitioning  to  an  OSE. 
The  guide  contains  appropriate  decision  points  and 
transition  strategies  for  developing  applications  that 
are  affordable,  scalable  and  interoperable  across  a 
broad  range  of  computing  environments.  While  useful, 
the  guide  does  not  eliminate  the  requirement  that 
agencies  possess  in-depth  expertise  in  software  devel- 
opment, communications,  and  database  technology  in 
order  to  evaluate  open  systems. 
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National  Center  for  Standards  and  Certification  In- 
formation: Service  and  Programs. 

J.  Overman.  14  Sep  94,  7p. 

In  NASA,  Washington,  Fourth  Annual  International  Ac- 
quisitions Workshop:  Access  to  Multiple  Media  World- 
wide 7  p. 

Keywords:  "Certification,  "Information  dissemination, 
"Information  systems,  "International  cooperation, 
"Libraries,  "Regulations,  "Standards,  Commerce, 
Competition,  Directories,  Documentation. 

The  National  Center  for  Standards  and  Certification  In- 
formation (NCSCI)  provides  information  on  U.S.,  for- 
eign and  international  voluntary  standards,  govern- 
ment regulations,  and  conformity  assessment  proce- 
dures for  non-agricultural  products.  The  Center  serves 
as  a  referral  service  and  focal  point  in  the  United  States 
for  information  on  standards  and  standards-related  in- 
formation. NCSCI  staff  respond  to  inquiries,  maintain 
a  reference  collection  of  standards  and  standards-re- 
lated documents,  and  serve  as  the  U.S.  inquiry  point 
for  information  to  and  from  foreign  countries. 
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Formal  Multi-Layer  Test  Methodology  and  Its  Ap- 
plication to  OSI. 
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Pub.  in  Proceedings  of  International  Conference  on 
Formal  Description  Techniques  for  Distributed  Sys- 
tems and  Communications  Protocols  (2nd),  Van- 
couver, Canada,  December  5-8,  1 989,  p375-392  1 990. 

Keywords:  "Tests,  "Specifications,  File  management 
systems,  Protocols,  Reprints,  "OSI,  "Open  Systems 
Interconnection,  FTAM(File  Transfer  and  Manage- 
ment), Estelle  specification  language,  ASN1  (Abstract 
Syntax  Notation  One),  FTP(File  Transfer  Protocol). 

A  multi-layer  test  methodology  is  introduced  which 
takes  advantage  of  the  emergence  of  formal  specifica- 
tion methods.  Protocols  are  specified  using  Estelle  and 
Abstract  Syntax  Notation  One.  Then,  the  Estelle  speci- 
fications are  augmented  in  with  the  logic  necessary  for 
testing.  In  this  methodology,  test  cases  are  stimuli 
which  are  injected  into  the  augmented  protocol  ma- 
chines. This  methodology  has  been  applied  success- 
fully to  the  design  and  implementation  of  a  test  system 
for  FTAM/FTP  gateways.  Results  are  presented  for 
FTAM/FTP  gateway  testing,  FTAM  interoperation  test- 
ing, and  evaluation  of  a  commerical  FTAM  test  system 
which  is  underdevelopment. 
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This  paper  presents  a  summary  of  the  developments 
in  North  America  towards  harmonization  of  testing  and 
certification/registration  in  the  information  technology 
field.  The  current  status  follows  an  intense  period  of 
activity  to  develop  North  American  regional  strategies 
favorable  to  future  multilateral  recognition  of  national/ 
regional  certificates/registers  on  a  global  basis.  Special 
emphasis  is  given  to  the  consolidation  of  profiles  via 
the  design  the  Industry/Government  Open  Systems 
Specification  (IGOSS),  the  quality  improvement  of  the 
Government  Open  System  Interconnection  Profile 
(GOSIP)  Testing  Program  and  the  creation  of  the  North 
American  Open  Systems  Testing  and  Certification  Pol- 
icy Council  as  the  basic  steps  towards  achieving  world- 
wide recognition  of  test  results. 
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Bringing  Natural  Language  Information  Retrieval 
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Keywords:  "Information  retrieval,  "Natural  language 
processing,  Information  systems,  Prototypes,  Man 
computer  interface,  Human  factors  engineering,  Ac- 
cess, Tests,  Response  time(Computers),  Reprints. 

A  prototype  information  retrieval  system  was  devel- 
oped that  gives  users  fast  and  easy  access  to  textual 
information.  The  system  uses  a  statistical  ranking 
methodology  that  allows  a  user  to  input  a  query  using 
only  natural  language,  such  as  a  sentence  or  a  noun 
phrase,  with  no  special  syntax  required.  The  system 
returns  a  set  of  text  titles  or  descriptions,  ranked  in 
order  of  likely  relevance  to  the  query.  The  user  can 
then  select  one  or  more  titles  for  further  examination 
of  the  corresponding  text.  The  prototype  was  tested  by 
over  forty  users. 
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Keywords:  "Computer  program  portability,  Computer 
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Organizations  in  both  industry  and  government  are 
rapidly  moving  toward  the  Open  System  Environment 
(OSE),  which  is  based  on  standards  for  information 
technology.  Part  of  that  transition  means  migrating  ex- 
isting software  to  that  environment.  Those  overseeing 
OSE  migration  projects  need  implementation  strate- 
gies that  use  available  standards  to  initiate  such  transi- 
tions. My  colleagues  and  I  at  the  National  Institute  of 
Standards  and  Technology's  Computer  Systems  Lab- 
oratory have  been  researching  software  approaches  to 
such  strategies. 
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Keywords:  "Information  systems,  "Information  re- 
trieval, Computer  networks,  Documents,  Protocols, 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  is  moving  forward  in  providing  and  accessing 
information  through  the  World  Wide  Web  (WWW)  by 
using  the  Mosaic  software  package.  The  WWW  is  a 
seamless  world  in  which  all  information,  from  any 
source,  can  be  accessed  in  a  simple  and  consistent 
manner.  Mosaic  is  a  networked  information  discovery, 
retrieval,  and  collaboration  tool  used  to  view  docu- 
ments available  through  the  WWW.  This  document 
was  created  for  the  following  purposes:  to  help  new 
users  become  more  familiar  with  the  WWW  concept; 
to  demonstrate  how  to  use  Mosaic  and  its  capabilities; 
and  to  provide  a  pointer  to  other  documents  further  de- 
scribing the  WWW  and  Mosaic. 
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services,  Information  flow,  Information  transfer,  Infor- 
mation dissemination,  Information  processing,  Infor- 
mation retrieval,  Information  needs,  User  needs,  Deliv- 
ery systems,  'National  Information  Infrastructure,  Infor- 
mation superhighways,  Electronic  delivery. 

The  document  provides  an  initial  description  of  a 
framework  for  National  Information  Infrastructure  (Nil) 
Services  (hereafter  referred  to  as  the  Services  Frame- 
work), motivated  by  emerging  information  tech- 
nologies. The  original  goal  of  the  document  was  to  de- 
fine an  architecture  for  Nil  services.  Instead,  the  docu- 
ment represents  a  less  ambitious  attempt  to  define  a 
framework  within  which  architectures  of  Nil  services 
can  be  discussed.  The  Services  Framework  as  pre- 
sented herein  is  intended  to  serve  as  a  point  of  depar- 
ture tor  discussing  the  definition,  scope,  and  alignment 
of  Nil  services. 
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dexing, Directories,  Vendors,  CD-ROM,  Tables(Data), 
'US  NIST. 

Databases  available  online  in  the  Research  Informa- 
tion Center  of  the  National  Institute  of  Standards  and 
Technology  (NIST)  are  listed  by  acronym  and  by  full 
title.  In  addition,  descriptions  of  the  databases,  dates 
covered,  producers,  hard  copy  counterpart,  principal 
sources  and  vendors  are  listed.  A  list  of  CD-ROM 
databases,  a  general  subject  index,  a  cross  reference 
index,  and  a  full  text  database  list  are  also  supplied. 
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Keywords:  'Data  acquisition,  'User  needs, 
'Information  services,  Customer  service,  Access,  In- 
formation needs,  Delivery  systems,  Records  manage- 
ment, Information  retrieval,  Information  systems, 
'National  Archives  and  Records  Administration,  User 
surveys,  Government  services. 

The  National  Archives  and  Records  Administration 
(NARA)  possesses  a  vast  wealth  of  information  and 
records  holdings  from  the  Federal  Government,  which 
documents  the  history  of  the  American  people.  The 
purpose  of  this  particular  study  was  to  conduct  a  sur- 
vey to  investigate  the  information  and  records  needs 
of  citizens  who  lack  direct  access  to  NARA's  facilities 
and  determine  how  to  best  meet  those  needs.  The 
basic  question  answered  is  what  remote  users  of  the 
National  Archives  want  in  the  way  of  information  and 
materials  and  how  they  want  to  receive  it. 
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Methods  of  information  retrieval  that  rely  on  automated 
indexing,  automated  classification,  and/or  analysis  of 
natural  language  queries  are  often  categorically  con- 
demned by  proponents  of  traditional  retrieval  methods. 
With  statistical  retrieval,  a  powerful  and  expressive 
query  language  is  processed  with  limited  success;  with 
traditional  retrieval,  a  less  expressive  query  language 
is  processed  with  1 00%  success.  Some  feel  that  a  bat- 
tle must  be  fought  to  decide  what  sort  of  information 
retrieval  will  serve  the  needs  of  the  world.  The  chal- 
lenge is  to  support  both  kinds  of  retrieval  in  an  informa- 
tion space  that  is  too  large  for  global  indexing. 
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The  document  provides  a  beginner's  guide  to  using  Ar- 
chie, a  database  of  computer  files  available  by  anony- 
mous FTP  on  the  Internet. 
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File  formats  commonly  used  for  electronic  storage  of 
Internet-accessible  documents  (TEX  and  PostScript) 
are  discussed.  File  archiving,  compression,  and  en- 
coding formats  used  to  reduce  storage  requirements 
and  to  facilitate  transmission  by  electronic  mail  are  dis- 
cussed also.  Sources  for  non-commercial  software  for 
processing  electronic  documents  having  these  formats 
on  IBM-compatible  computers  are  listed. 
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See  also  Part  1 ,  PB95-1 68720. 

Pub.  in  Optics  and  Photonics  News  5,  n10  p61,  67, 
Oct  94. 

Keywords:  'Information  sources,  'Information  retrieval, 
'Data  retrieval,  'Computer  networks,  Information 
transfer,  Data  transmission,  Man  computer  interfaces, 
Data  storage,  Document  storage,  Software  tools,  Re- 
prints, 'INTERNET,  File  format. 

Some  Internet  sources  for  scientific  and  technical  doc- 
uments are  described.  A  detailed  example  of  retrieving 
a  document  from  an  Internet  host  computer  and  con- 
verting it  to  printed  format  on  an  IBM-compatible  com- 
puter is  given. 
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Special  pub. 

J.  P.  Wack,  and  L.  J.  Carnahan.  Dec  94,  92p,  NIST/ 
SP-800/10. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03313-8.  See  also  PB94-139045. 


Keywords:  'Computer  security,  "Data  processing  se- 
curity, Information  systems,  Computer  networks,  Local 
area  networks,  Access  control,  Computer  privacy,  Au- 
thentication, Telecommunication,  'Internet,  TCP/ 
IP(Transmission  Control  Protocol/Internet  Protocol). 

This  document  provides  an  overview  of  the  Internet 
and  security-related  problems.  It  then  provides  an 
overview  of  firewall  components  and  the  general  rea- 
soning behind  firewall  usage.  Several  types  of  network 
access  policies  are  described,  as  well  as  technical  im- 
plementations of  these  policies.  Lastly,  the  document 
contains  pointers  and  references  for  more  detailed  in- 
formation. The  document  is  designed  to  assist  users 
in  understanding  the  nature  of  Internet-related  prob- 
lems and  what  types  of  firewalls  will  solve  or  alleviate 
specific  problems.  Users  can  then  use  this  document 
to  assist  in  purchasing  or  planning  a  firewall. 
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Electronic  Access:  Blueprint  for  the  National  Ar- 
chives and  Records  Administration. 

Special  pub. 

J.  Moline,  and  S.  Otto.  Apr  95,  66p,  NIST/SP-500/ 
227. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03330-8.  See  also  PB95-217014. 

Keywords:  'Information  storage,  'Information  retrieval, 
'Records  management,  'Strategic  planning,  Access  to 
information,  Information  dissemination,  Preservation, 
Primary  sources,  Computer  system  design,  Informa- 
tion networks,  Optical  scanning,  'Electronic  Access 
Project,  'National  Archives  and  Records. 

The  Electronic  Access  Project  of  the  National  Archives 
and  Records  Administration  (NARA)  had  three  main 
tasks.  They  were  to  design  a  methodology  for  explor- 
ing the  informational  needs  of  remote  customers,  to 
survey  the  targeted  population,  and  to  develop  a  blue- 
print for  NARA's  long-term  information  delivery  sys- 
tems that  would  enable  NARA  to  meet  their  customers' 
needs.  This  report  covers  the  last  task.  It  discusses  the 
findings  of  the  user  study  as  they  influence  the  design 
of  an  electronic  access  system  for  the  National  Ar- 
chives and  Records  Administration  and  presents  a 
blueprint  for  meeting  the  users'  needs. 
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Guidelines  for  the  Evaluation  of  X.500  Directory 
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Special  pub. 
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Also  available  from  Supt.  of  Docs.  Sponsored  by  De- 
partment of  Agriculture,  Washington,  DC. 

Keywords:  'Distributed  data  bases,  'Information  sys- 
tems, Performance  evaluation,  Access  control,  Data 
processing  security,  Computer  networks,  Data  stor- 
age, Relational  data  bases,  Data  base  management 
systems,  *X500  Directory. 

The  document  provides  readers  with  the  means  to 
evaluate  various  X.500  products  and  make  informed 
choices  as  to  which  available  products  best  match  the 
requirements  of  their  organizations.  The  document  is 
aimed  at  procurement  officials,  systems  administration 
staff  and  others  involved  in  the  process  of  obtaining 
or  recommending  X.500  products  for  use  in  their  orga- 
nizations. 


02,733 

PB96-131545       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD.  Systems  and  Software  Technology 

Div. 

Defining  Environment  Integration  Requirements. 

B.  Cuthill,  and  M.  Zelkowitz.  May  95,  34p,  NISTIR- 
5654. 

See  also  PB94-143401  and  PB95-143145. 

Keywords:  'Software  engineering,  'Information  sys- 
tems, 'Requirements,  Automation,  Computer  net- 
works, Information  flow,  Systems  management,  Soft- 
ware tools,  Systems  engineering,  Corporate  informa- 
tion management,  Integrated  systems,  Distributed 
computer  systems,  Interfaces,  Data  management,  Or- 
ganizational structure,  'Enterprise  integration,  Enter- 
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prise  modeling,  ITEM(lnformation  Technology  Engi- 
neering and  Measurement). 

This  paper  discusses  the  use  of  enterprise  and  proc- 
ess modeling  to  classify  the  features  of  the  enterprise 
process,  its  automation  and  the  external  stimuli  on  the 
enterprise  that  effect  enterprise  choices  for  tool  and 
environment  integration.  This  report  focuses  on  the 
use  of  metadata  and  message  types  as  mechanisms 
for  integrating  environments.  This  report  includes  an 
example  of  generating  metadata  and  messaging  re- 
quirements in  the  software  development  domain. 
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Special  pub. 

D.  Cunningham.  Dec  95,  150p,  NIST/SP-895. 
Supersedes  PB95-1 28641.  Also  available  from  Supt. 
of  Docs,  as  SN003-003-03383-9. 

Keywords:  *Data  bases,  "Information  centers,  Informa- 
tion services,  Directories,  Subject  indexing, 
Indexes(Documentation),  CD-ROMs,  Vendors, 
Tables(Data),  "US  NIST. 

Databases  available  online  in  the  Research  Informa- 
tion Center  of  the  National  Institute  of  Standards  and 
Technology  (NIST)  are  listed  by  acronym  and  by  full 
title.  In  addition,  descriptions  of  the  databases,  dates 
covered,  producers,  hard  copy  counterpart,  principal 
sources  and  vendors  are  listed.  A  list  of  CD-ROM 
databases,  a  general  subject  index,  a  cross  reference 
index,  and  a  full  text  database  sources  and  vendors 
are  listed.  A  list  of  CD-ROM  databases,  a  general  sub- 
ject index,  a  cross  reference  index,  and  a  full  text 
database  list  are  also  supplied. 
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Final  rept. 

P.  W.  Berger.  1992,  13p. 

Sponsored  by  Engineering  Foundation,  New  York,  and 
Council  on  Library  Resources,  Inc.,  Washington,  DC. 
Pub.  in  Proceedings  of  the  Conference  on  a  National 
Engineering  Information  Service  (NENGIS),  Palm 
Coast,  FL,  June  14-19, 1992,  p351-363. 

Keywords:  "Information  services,  Information  systems, 
Library  services,  Data  systems,  Reprints,  National  En- 
gineering Information  System,  Data  services,  Analytic 
services. 

The  report  provides  a  description  and  evaluation  of 
four  types  of  information  services:  Library  Services, 
Specialized  Information  Services,  Data  Services,  and 
Analytic  Services. 
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R.  J.  Linn.  1994,  12p. 

Pub.  in  Intellectual  Property  Project  Proceedings,  v1 
n1  p9-20  Jan  94. 

Keywords:  "Copyrights,  "Property  rights, 
"Requirements,  Information  services,  Information  dis- 
semination, Computer  networks,  Legal  aspects,  Au- 
thentication, Systems  management,  Reprints,  National 
Resource  and  Education  Networks,  High  Performance 
Computing  Act  of  1991,  Public  Law  102-194,  Digital 
signatures. 

The  High  Performance  Computing  Act  (HPCA)  of  1991 
(P.L.  102-194)  places  unenforcable  requirements  to 
protect  copyrights  and  intellectual  property  rights  on 
the  National  Research  and  Education  Network 
(NREN).  This  paper  discusses  the  roles  and  respon- 
sibilities of  the  NREN  and  associated  information  serv- 
ices; technical  approaches  to  authentication,  redis- 
tribution and  authorization  of  use  of  electronic  docu- 
ments over  the  NREN;  and  an  amendment  to  the  high 
Performance  Computing  Act. 
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National  Inst,  of  Standards  and  Technology  (CSL), 
Gaithersburg,  MD. 

Information  Technology  Standards  in  a  Changing 
World:  The  Rose  of  the  Users. 

Final  rept. 

J.  H.  Burrows.  1993,  8p. 

Pub.  in  Computer  Standards  and  Interfaces,  v15  p49- 
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Keywords:  "Information  technology,  "Interoperability, 
"User  requirements,  Information  systems,  Integrated 
systems,  Standards,  Interfaces,  Reprints,  Open  Sys- 
tems Interconnection. 

Standards  for  information  technology  (IT)  systems  are 
important  to  users  in  effectively  applying  IT  and  carry- 
ing out  the  business  of  their  organizations.  Users  need 
standards  to  interconnect  products  developed  by  dif- 
ferent vendors  and  to  move  software,  data  ad  applica- 
tions from  one  system  to  another.  However,  the  formal 
standards  development  process  does  not  always  re- 
spond to  user  needs  in  a  timely  way.  The  cost  and 
complexity  of  the  process  often  inhibits  direct  user  par- 
ticipation over  the  long  period  of  time  needed  to  de- 
velop standards.  Users  also  have  difficulty  applying  the 
standards  when  they  are  developed  in  a  fragmented 
and  non-integrated  fashion. 
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Sponsored  by  Internal  Revenue  Service,  Arlington,  VA. 

Keywords:  "Interoperability,  "Computer  networks,  Net- 
work management,  Computer  architecture,  Distributed 
computer  systems,  Data  transfer(Computers),  Data 
transmission,  File  management  systems,  Procure- 
ment, Protocols,  Standards,  Interfaces,  Information  re- 
trieval, Data  processing  security,  "Open  systems  inter- 
connection, "Data  communication  systems,  Internet. 

The  absence  of  a  single  solution  for  providing  world- 
wide computer  interoperability  places  more  respon- 
sibility on  procurement  authorities  to  make  the  right 
choice.  In  order  to  make  intelligent  procurement  deci- 
sions, procurement  authorities  need  to  be  informed 
about  the  provided  services  and  marketplace  accept- 
ance of  computer  networking  products.  The  document 
provides  technical,  managerial,  and  procurement  per- 
sonnel with  some  of  the  factors  that  need  to  be  consid- 
ered when  making  procurment  decisions. 
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X.500  Directory  Schema  Design  Handbook. 
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See  also  PB95-231908. 

Keywords:  "Distributed  data  bases,  "Information  sys- 
tems, "Directories,  Performance  evaluation,  Data  proc- 
essing security,  Computer  networks,  Design,  Rela- 
tional databases,  Database  management  systems, 
"X500  Directory. 

This  document  contains  a  high  level  schema  descrip- 
tion including  a  description  of  the  schema  components, 
the  storage  of  schema  information  in  the  Directory  In- 
formation Tree  (DIT),  and  the  tailoring  of  the  schema 
components  to  meet  an  organization's  needs.  Pilot 
projects  and  other  work  in  the  area  of  schema  design 
are  reviewed  and  summarized. 
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Pub.  in  Proceedings  of  RIAO  94'  Conference  on  Intel- 
ligent Multimedia  Information  Retrieval  Systems  and 
Management,  New  York,  NY.,  October  11-13,  1994, 
p751-761. 
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rors, Prototypes,  Ranking,  Reprints,  "Proper  names. 

Personal  names  are  often  used  as  keywords  in 
searches  to  retrieve  information.  The  presence  of 
misspellings  and  other  errors  in  names  can  make  an 
exact  match  of  a  keyword  and  a  search  query  impos- 
sible. In  these  cases,  it  is  necessary  to  be  able  to  re- 
trieve personal  names  that  are  similar  to  that  of  the  per- 
sonal name  given  in  the  search  query.  In  addition,  if 
an  interactive  search  is  required,  it  is  necessary  to  re- 
trieve matches  quickly  and  to  rank  them  in  terms  of 
their  similarity  to  the  search  query.  This  paper  dis- 
cusses a  prototype  information  retrieval  system  which 
was  developed  to  test  the  feasibility  of  such  a  search, 
and  the  experimental  results  obtained  using  this  sys- 
tem. 
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Keywords:  "Abstracts,  "Indexes(Documentation), 
Technical  reports,  Information  centers,  Subject  index- 
ing, Data  bases,  Sources,  Publishing,  "National  Insti- 
tute of  Standards  and  Technology. 

An  alphabetical  arrangement  of  abstracts  and  indexes 
available  in  the  Research  Information  Center  (RIC)  of 
the  National  Institute  of  Standards  and  Technology 
(NIST)  is  listed  by  most  current  title  of  the  publication. 
Other  information  includes  description  of  the  abstract 
or  index,  RIC  holdings,  principal  sources,  publisher  or 
association,  corresponding  RIC  database  and  CD- 
ROM  availability  and  the  classification  number.  A  gen- 
eral subject  and  former  title/database  name  index  fol- 
low the  main  text  of  the  report. 
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Lab  Report  Special  Section:  Natural  Language 
Processing  and  Information  Retrieval  Group  Infor- 
mation Access  and  User  Interfaces  Division,  Na- 
tional Institute  of  Standards  and  Technology. 
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tems, Search  structuring,  Access,  User  needs,  Auto- 
mation, Human-computer  interface,  Reprints,  US 
NIST,  Electronic  text. 

The  Natural  Language  Processing  and  Information  Re- 
trieval Group  was  formed  in  1994  at  the  National  Insti- 
tute of  Standards  and  Technology  (NIST)  in  recogni- 
tion of  the  importance  of  managing  the  ever-increasing 
amount  of  electronically  available  text.  The  formal  ob- 
jective of  the  group  is  'to  work  with  industry,  academia 
and  other  government  agencies  to  promote  the  use  of 
more  effective  and  efficient  techniques  for  manipulat- 
ing (largely)  unstructured  textual  information,  espe- 
cially the  browsing,  searching,  and  presentation  of  the 
information'. 
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terns,  Search  structuring,  Multimedia,  Computer  lan- 
guages, Semantics,  Syntax,  Reprints. 

The  panel,  emphasizing  audience  participation,  fo- 
cuses on  issues  in  building  and  using  test  collections 
for  information  retrieval.  The  panel  presents  an  oppor- 
tunity to  share  experiences  gained  from  past  test  col- 
lection building  and  usage  to  help  guide  the  develop- 
ment of  these  new  test  collections. 
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03250-6. 

Keywords:  "Abstracts,  *lndexes(Documentation), 
Technical  reports,  Information  centers,  Subject  index- 
ing, Data  bases,  Sources,  Publishing,  "National  Insti- 
tute of  Standards  and  Technology. 

An  alphabetical  arrangement  of  abstracts  and  indexes 
available  in  the  Research  Information  Center  (RIC)  of 
the  National  Institute  of  Standards  and  Technology 
(NIST)  is  listed  by  most  current  title  of  the  publication. 
Other  information  includes  description  of  the  abstract 
or  index,  RIC  holdings,  principal  sources,  publisher  or 
association,  corresponding  RIC  database  and  CD- 
ROM  availability  and  the  classification  number.  A  gen- 
eral subject  and  former  title/database  name  index  fol- 
low the  main  text  of  the  report. 
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This  publication  contains  bibliographic  information  on 
approximately  5,000  titles  held  in  the  NIST  Research 
Information  Center,  representing  current  and 
noncurrent  journals,  periodicals,  annuals,  memoirs, 
proceedings  and  transactions. 
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The  publication  contains  bibliographic  information  on 
approximately  5,000  titles  held  in  the  NIST  Research 
Information  Center,  representing  current  and 
noncurrent  journals,  periodicals,  annuals,  memoirs, 
proceedings  and  transactions. 
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The  guide  is  a  practical  tool  for  the  use  of  NIST  authors 
in  the  preparation  of  manuscripts  in  conformance  with 
the  NIST  policy  that  requires  the  use  of  the  Inter- 
national System  of  Units  for  all  publications. 
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National  Inst,  of  Standards  and  Technology  (TS), 
Gaithersburg,  MD.  Office  of  Information  Services. 
NIST  Serial  Holdings,  1996. 

Special  pub. 

S.  A.  Sanders.  Feb  96,  270p. 

Supersedes  PB95-1 88926.  Also  available  from  Supt. 

of  Docs,  as  SN003-003-03394-4. 

Keywords:  "US  NIST,  "Periodicals,  Documents. 

This  publication  contains  bibliographic  information  on 
approximately  5,000  titles  held  in  the  NIST  Research 
Information  Center,  representing  current  and 
noncurrent  journals,  periodicals,  annuals,  memoirs, 
proceedings  and  transactions. 
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AD-A286  683/8       PC  A03/MF  A01 
National  Bureau  of  Standards,  Boulder,  CO. 
Helium  Refrigeration  and  Liquefaction  Using  a  Liq- 
uid Hydrogen  Refrigerator  for  Precooling. 

Technical  note. 

D.  B.  Shelton,  J.  W.  Dean,  T.  R.  Strobridge,  B.  W. 
Birmingham,  and  D.  B.  Mann.  27  Jan  60,  36p. 

Keywords:  "Helium,  "Refrigeration  systems, 
"Liquefaction,  "Liquid  hydrogen,  Circuits,  Evaporators, 
Heat  exchangers,  Hydrogen,  Production,  Require- 
ments, Temperature,  Low  temperature,  Gases, 
"Precooling,  Refrigerators. 

Consideration  is  given  to  the  use  of  a  hydrogen  refrig- 
erator to  assist  in  the  production  of  temperatures  below 
those  obtained  with  hydrogen.  A  hydrogen  refrigerator 
is  used  to  maintain  a  precooling  evaporator  at  or  near 
21  deg  K  in  a  helium  gas  circuit.  The  helium  circuit  may 
be  arranged  to  produce  liquid  for  external  use  or  to 
produce  refrigeration  between  21  deg  K  and  4.  2  deg 
K  in  a  closed  system.  Charts  have  been  developed  that 
show  the  requirements  of  the  composite  helium  -  hy- 
drogen system  and  the  effect  of  heat  exchanger  per- 
formance. The  relative  quantities  of  refrigeration  (hy- 
drogen and  helium)  at  various  temperature  levels  have 
been  determined. 


02,750 

PB94-1 65966       PC  A06/MF  A02 

National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD. 

Publications  of  the  Manufacturing  Engineering 
Laboratory  Covering  the  Period  January  1989-Sep- 
tember  1992. 

C.  Albus.  Nov  92,  115p,  NISTIR-4974. 
See  also  PB93-1 23041. 

Keywords:  "Bibliographies,  "US  NIST,  Dimensional 
measurement,  Robotics,  Artificial  intelligence,  Produc- 
tion engineering,  Information  systems,  Metrology,  Pri- 
mary standards,  Calibrating,  Precision,  Sensors,  Auto- 
mation, "Manufacturing  Engineering  Laboratory. 

The  mission  of  the  Manufacturing  Engineering  Labora- 
tory (MEL)  is  to  bring  the  resources  of  the  National  In- 
stitute of  Standards  and  Technology  to  bear  on  the 
standards  and  measurement  problems  associated  with 
America's  discrete  parts  manufacturing.  To  fulfill  this 
mission  MEL  conducts  active  programs  of  research  in 
the  areas  of:  High-precision  dimensional  measurement 
and  precision  engineering;  Robotics  and  intelligent  ma- 
chines; Manufacturing  data  description,  data  adminis- 


tration, and  information  processing;  and  Sensors  for 
manufacturing  processes.  This  list  of  publications  re- 
flects the  diversity  of  scientific  and  technical  problems 
which  have  been  attacked  over  the  past  fourteen  years 
in  fulfillment  of  the  Laboratory's  mission. 

02,751 

PB95-1 40943       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Process  Measurements  Div. 
Heat  Transfer  in  Thin,  Compact  Heat  Exchangers 
with  Circular,  Rectangular,  or  Pin-Fin  Flow  Pas- 
sages. 
Final  rept. 

D.  A.  Olson.  1992,  10p. 
Contract  NLRC-L7400C 

Sponsored  by  National  Aeronautics  and  Space  Admin- 
istration, Hampton,  VA.  Langley  Research  Center. 
Pub.  in  Jnl.  of  Heat  Transfer  114,  p373-382  May  92. 

Keywords:  "Heat  transfer,  "Pressure  gradients, 
"Channel  flow,  "Flow  geometry,  Heat  flux,  Friction  fac- 
tor, Reynolds  number,  Nusselt  number,  Helium,  Gas 
flow,  Viscosity,  Thermal  conductivity,  Reprints, 
"Compact  heat  exchangers. 

We  have  measured  heat  transfer  and  pressure  drop 
of  three  thin,  compact  heat  exchangers  in  helium  gas 
at  3.5  MPa  and  higher,  with  Reynolds  numbers  of  450 
to  36,000.  The  flow  geometries  for  the  three  heat  ex- 
changer specimens  were:  circular  tube,  rectangular 
channel,  and  staggered  pin  fin  with  tapered  pins.  The 
specimens  were  heated  radiatively  at  heat  fluxes  up 
to  77  W/sq  cm.  Correlations  were  developed  for  the 
isothermal  friction  factor  as  a  function  of  Reynolds 
number,  and  for  the  Nusselt  number  as  a  function  of 
Reynolds  number  and  the  ratio  of  wall  temperature  to 
fluid  temperature.  The  specimen  with  the  pin  internal 
geometry  had  significantly  better  heat  transfer  than  the 
other  specimens,  but  it  also  had  higher  pressure  drop. 
For  certain  conditions  of  helium  flow  and  heating,  the 
temperature  more  than  doubled  from  the  inlet  to  the 
outlet  of  the  specimens,  producing  large  changes  in 
gas  velocity,  density,  viscosity,  and  thermal  conductiv- 
ity. These  changes  in  properties  did  not  affect  the  cor- 
relations for  friction  factor  and  Nusselt  number  in  turbu- 
lent flow. 


02,752 

PB95-169082       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Process  Measurements  Div. 
Energy  Flows  in  an  Orifice  Pulse  Tube  Refrig- 
erator. 
Final  rept. 

W.  Rawlins,  R.  Radebaugh,  P.  Bradley,  and  K. 
Timmerhaus.  1993,  8p. 

Pub.  in  Advances  in  Cryogenic  Engineering,  v39  ptB 
p1449-1456  1993. 

Keywords:  "Mass  flow,  "Flow  measurement,  Enthalpy, 
Refrigerators,  Entropy,  Heat  flux,  Refrigerating  ma- 
chinery, Reprints,  "Orifice  pulse  tube  refrigerators, 
"Energy  flow,  "Enthalpy  flow. 

A  technique  which  allows  for  the  instantaneous  meas- 
urements of  mass  flow  rate  and  temperature  in  an  ori- 
fice pulse  tube  refrigerator  (OPTR)  during  actual  oper- 
ation has  been  developed  recently.  This  paper  pre- 
sents the  values  of  enthalpy,  entropy,  and  work  fluxes 
at  the  cold  end  of  the  pulse  tube  evaluated  from  these 
measurements.  They  are  thermodynamically  self  con- 
sistent within  1%.  An  analytical  model  describing  the 
operation  of  an  OPTR  was  developed  at  the  National 
Institute  of  Standards  and  Technology  (NIST)  in  the 
late  1980's.  This  model  assumes  adiabatic  perform- 
ance of  the  pulse  tube  and  purely  sinusoidal  mass  flow 
rates,  temperature,  and  pressure  oscillations  in  the 
OPTR.  The  experimentally  measured  enthalpy  flux 
varies  from  60%  to  85%  of  that  predicted  by  the  adia- 
batic model.  The  experimental  work  reported  here  also 
gives  values  for  various  phase  relationships  that  are 
needed  for  some  calculations  with  the  analytical 
model. 


02,753 

PB95-169090       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Process  Measurements  Div. 
Graded  and  Nongraded  Regenerator  Performance. 

Final  rept. 

W.  Rawlins,  K.  D.  Timmerhaus,  R.  Radebaugh,  J. 
Gary,  and  P.  Bradley.  1993,  13p. 
Sponsored  by  National  Aeronautics  and  Space  Admin- 
istration, Moffett  Field,  CA.  Ames  Research  Center. 
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Pub.  in  Proceedings  of  International  Cryocooler  Con- 
ference (7th),  Santa  Fe,  NM.,  November  17-19,  1992, 
p471-483  1993. 

Keywords:  "Regenerators,  'Cooling  systems, 
"Performance  testing,  Regeneration(Engineering),  Re- 
frigerating machinery,  Cryogenic  cooling,  Temperature 
measurement,  Heat  loss,  Mass  flow,  Effectiveness, 
Performance  evaluation,  Reprints,  "Pulse  tube  refrig- 
erators. 

A  method  to  measure  regenerator  performance,  in  situ, 
in  an  orifice  pulse  tube  refrigerator  has  been  success- 
fully developed.  This  was  accomplished  by  inserting 
two,  2  mm  long,  tungsten  wires  with  diameters  of  4  mi- 
crometers perpendicular  to  the  fluid  flow  at  the  cold 
end  of  the  regenerator.  The  paper  compares  the  per- 
formance between  two  different  regenerators  con- 
structed from  stainless  steel  mesh:  one  with  a  graded 
mesh  (where  three  different  mesh  sizes  are  used  for 
the  matrix  material)  and  another  with  a  single  mesh 
size  throughout.  Both  expeirmental  and  numerical 
model  results  are  presented.  The  numerical  model  in- 
dicated that  there  was  only  a  very  slight  advantage  to 
using  a  graded  mesh  in  a  generator,  whereas  experi- 
ments showed  the  graded  mesh  regenerator  to  have 
a  slightly  higher  ineffectiveness. 


02,754 

PB95-188835  PCA11/MFA02 

National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD. 

Program  of  the  Manufacturing  Engineering  Labora- 
tory, 1995.  Infrastructural  Technology,  Measure- 
ments, and  Standards  for  the  U.S.  Manufacturing 
Industries. 

G.  P.  Carver.  Feb  95,  241p,  NISTIR-5599. 
See  also  PB94-1 65966. 

Keywords:  "Metrology,  Dimensional  measurement, 
Production  engineering,  Artificial  intelligence,  Automa- 
tion, Robotics,  Standards,  "Manufacturing  Engineering 
Laboratory,  US  NIST. 

The  National  Institute  of  Standards  and  Technology 
(NIST)  Manufacturing  Engineering  Laboratory  works 
with  the  U.S.  manufacturing  industries  to  develop  and 
apply  infrastructural  technology,  measurements,  and 
standards  to  meet  their  needs.  This  report  summarizes 
the  resources,  objectives,  needs  addressed,  accom- 
plishments, and  plans  for  the  projects  carried  out  by 
the  Manufacturing  Engineering  Laboratory  in  support 
of  U.S.  industry. 


02,755 

PB95-198750       PC  A04/MF  A01 

National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD.  Factory  Automation  Systems  Div. 

Apparel  Manufacturing  Glossary  for  Application 

Protocol  Development. 

M.  E.  Read.  Feb  95,  60p,  NISTIR-5572. 

Sponsored  by  Defense  Logistics  Agency,  Alexandria, 

VA. 

Keywords:  "Clothing  industry,  "Manufacturing, 
"Dictionaries,  Pattern  making,  Standards,  Specifica- 
tions, APs(Application  Protocols),  APDES(Apparel 
Product  Data  Exchange  Standard),  STEP(Standard  for 
the  Exchange  of  Product  Model  Data). 

A  glossary  of  terms  used  in  apparel  manufacturing, 
specifically  those  used  in  the  pattern-making  process, 
are  listed  verbatim  from  six  primary  sources.  These 
terms  are  needed  in  the  development  of  new,  Inter- 
national Organization  for  Standardization  (ISO)  Stand- 
ard for  the  Exchange  of  Product  Model  Data  (STEP) 
application  protocols  for  the  apparel  industry.  The  pur- 
pose of  this  report  is  to  present  to  the  apparel  industry 
a  working  set  of  terms  and  meanings  from  the  pub- 
lished literature,  and  to  act  as  a  catalyst  in  the  develop- 
ment of  a  set  of  consensus  terms  and  meanings. 

02,756 

PB96-1 36973       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD. 

Effect  of  Inclination  on  the  Performance  of  a  Com- 
pact Brazed  Plate  Condenser  and  Evaporator. 

M.  A.  Kedzierski.  Nov  95,  33p,  NISTIR-5767. 
Sponsored  by  Trane  Co.,  La  Crosse,  Wl. 

Keywords:  "Heat  exchanges,  "Refrigerating  machin- 
ery, Schematic  diagrams,  Refrigerants. 

The  origins  of  the  compact  brazed  plate  heat  ex- 
changer (CBE)  began  in  the  1920's  with  the  first  com- 


mercially successful  gasketed-plate  heat  exchangers 
(Saunders,  1988).  Milk  producers  and  other  food  and 
drink  processors  satisfied  hygiene  requirements  by  pe- 
riodically disassembling  and  cleaning  the  gasketed- 
plates.  Applications  for  the  compact  brazed  plate  heat 
exchangers  (CBEs)  have  increased  in  recent  years. 
Currently,  the  compactness  of  the  CBE  drives  its  use 
as  refrigerant  evaporators  and  condensers.  The  pur- 
pose of  this  study  was  to  identify  the  performance  deg- 
radation associated  with  tilting  a  CBE  from  the  de- 
signed vertical  position. 

02,757 

PB96-163621       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD.  Precision  Engineering  Div. 

Gage  Block  Standards,  Measurement  Capabilities 

and  Laboratory  Accreditation. 

Final  rept. 

T.  Doiron.  1992,  12p. 

Pub.  in  NCSL  Workshop  and  Symposium,  August 
1992,  p1 83-1 94. 

Keywords:  "Gage  blocks,  "Interlaboratory  tests,  Re- 
prints, Accuracy,  Error  budget,  Standards,  "Laboratory 
accreditation. 

As  the  United  States  begins  to  seriously  consider  lab- 
oratory accreditation  for  calibration  labs,  the  calibration 
of  gage  blocks  (one  of  the  most  accurate  and  sophisti- 
cated of  industrial  measurements)  has  been  suggested 
as  the  prototype  dimension  laboratory  accreditation. 
One  of  the  technical  problems  in  implementing  labora- 
tory accreditation  is  determining  the  laboratory  accu- 
racy which  is  adequate  for  calibration  systems.  The  au- 
thor will  discuss  some  of  the  problems  inherent  in  the 
classifcation  schemes  of  both  the  US  and  ISO  stand- 
ards and  their  relation  to  the  current  state  of  the  art 
for  gage  block  calibration. 

02, 758 

PB96-1 90293       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (MEL), 
Gaithersburg,  MD.  Precision  Engineering  Div. 
Increasing  the  Value  of  Atomic  Force  Microscopy 
Process  Metrology  Using  a  High-Accuracy  Scan- 
ner, Tip   Characterization,   and  Morphological 
Image  Analysis. 
Final  rept. 

J.  Schneir,  J.  S.  Villarrubia,  T.  H.  McWaid,  V.  W. 
Tsai,  and  R.  Dixson.  1996,  7p. 
Pub.  in  Jnl.  of  Vacuum  Science  and  Technology,  v14 
n2p1 540-1 546  Mar/Apr  96. 

Keywords:  "Metrology,  Tip,  Manufacturing,  Scanners, 
Image  analysis,  Reprints,  "Atomic  force  microscopes. 

Atomic  force  microscopes  are  being  used  increasingly 
for  process  metrology.  As  a  case  study,  the  measure- 
ment by  atomic  force  microscope  of  a  soda  lime  glass 
optical  disk  patterned  using  optical  lithography  and  re- 
active plasma  etching  is  examined.  The  atomic  force 
microscope  used  for  this  measurement  has  a  highly 
accurate  scanner  system.  The  X,  Y,  and  Z  axes  are 
calibrated  using  laser  interferometry.  To  determine  the 
shape  of  the  tip  used  a  commercially  available  tip  cali- 
bration artifact  was  imaged  both  before  and  after  the 
measurement.  The  image  was  corrected  for  the  tip 
shape  using  mathematical  morphology.  The  value  of 
the  atomic  force  microscope  measurement  is  defined 
to  be  the  impacts  of  the  metrology  on  the  product  or 
process.  It  is  shown  that  the  value  of  atomic  force  mi- 
croscopy process  metrology  on  an  optical  disk  is  in- 
creased by  using  an  accurate  scanner,  tip  character- 
ization, and  morphological  image  analysis;  however, 
the  cost  per  measurement  in  increased  as  well.  In  gen- 
eral, the  characteristics  of  the  metrology  required  de- 
pends on  the  secific  manufacturing  process  being  sup- 
ported. 
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PB96-1 90368       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD.  Precision  Engineering  Div. 

Scanned  Probe  Microscope  Tip  Characterization 

Without  Calibrated  Tip  Characterizers. 

Final  rept. 

J.  S.  Villarrubia.  1996,  4p. 

Pub.  in  Jnl.  of  Vacuum  Science  and  Technology  B,  v14 
n2p1518-1521  Mar/Apr96. 

Keywords:  "Metrology,  Morphology,  Reprints,  "Atomic 
force  microscopes,  "Blind  reconstruction,  Scanned 
probe  microscopy,  Scanning  tunneling  microscopy. 

In  scanned  probe  microscopy  the  image  is  a  combina- 
tion of  information  from  the  sample  and  the  tip.  In  order 


to  reconstruct  the  true  surface  geometry,  it  is  nec- 
essary to  know  the  actual  tip  shape.  It  has  been  pro- 
posed that  this  shape  may  be  constructed  from  images 
of  'tip  characterizer'  artifacts  of  independently  known 
shape.  The  requirements  for  this  strategy-dimensional 
uncertainty  and  instability  of  the  characterizer  small 
compared  to  the  tip  size-are  not  trivial.  An  alternative 
is  'blind  reconstruction',  which  requires  no  information 
about  the  characterizer  geometry  apart  from  that  con- 
tained within  its  image,  yet  produces  an  outer  bound 
on  the  tip  shape  which  for  appropriately  chosen 
characterizers  is  a  good  approximation.  With  blind  re- 
construction dimensional  instability  of  characterizers  is 
less  problematical,  and  characterizer  measureability  is 
no  longer  a  constraint,  so  more  complex  distributed 
characterizer  has  a  known  shape,  blind  reconstruction 
and  the  known-characterizer  method  may  be  com- 
bined. 


02,760 

PB96-195276  PCA11/MFA03 

National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD. 

Program  of  the  Manufacturing  Engineering  Labora- 
tory, 1996.  Infrastructural  Technology,  Measure- 
ments, and  Standards  for  the  U.S.  Manufacturing 
Industries. 

May  96,  218p,  NISTIR-5845. 

See  also  report  for  1 995,  PB95-1 88835. 

Keywords:  "Metrology,  Dimensional  measurement, 
Production  engineering,  Standards,  Calibration,  Ro- 
botics, Automation. 

The  NIST  Manufacturing  Engineering  Laboratory 
works  with  the  U.S.  manufacturing  industries  to  de- 
velop and  apply  infrastructural  technology,  measure- 
ments, and  standards  to  meet  their  needs.  This  report 
summarizes  the  Manufacturing  Engineering  laboratory 
in  support  of  U.S.  industry. 


02,761 

PB96-201157       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD.  Automated  Production  Technology 

Div. 

Ultrasonic  NDE  of  Sprayed  Ceramic  Coatings. 

Final  rept. 

J.  A.  Slotwinski,  and  G.  V.  Blessing.  1996,  8p. 
Pub.  in  Review  of  Progress  in  Quantitative  Non- 
destructive Evaluation,  v15  p1613-1620  1996. 

Keywords:  "Ceramic  coatings,  "Plasma  spray, 
"Nondestructive  evaluation,  Alumina,  Elastic  moduli, 
Ultrasonics,  Zirconia,  Reprints. 

Thermal  spraying  of  protective  coatings  has  been  in 
use  since  1917  when  the  initial  application  was  the 
spraying  of  zinc  layers  onto  steel  structures  to  prevent 
corrosion.  In  the  1970's  plasma-spray  technology  was 
first  used  with  the  introduction  of  vacuum  plasma- 
spraying.  Today,  gases  such  as  argon  and  nitrogen 
(sometimes  with  an  additional  gas  such  as  helium  or 
hydrogen)  are  often  used  in  plasma-spray  guns.  In 
plasma-spraying  an  electric-arc  discharge  heats  the 
gas  stream  to  high  temperature  (equal  to  or  greater 
than  10,000  K),  turning  it  into  a  plasma.  The  gas  exits 
the  spray-gun  at  high  speed  (approx.  200  m/s  to  600 
m/s)  towards  the  material  to  be  coated.  Material  pow- 
der (often  carried  by  a  second  gas  stream)  is  injected 
into  the  plasma  stream,  where  it  melts  into  liquid  drop- 
lets. These  droplets  are  carried  onto  the  target  surface, 
where  they  rapidly  cool  (approx.  10  to  the  sixth  power 
K/s)  into  solid,  flat  splats.  A  layer  of  material  can  be 
built  up  by  repeated  spraying  of  the  same  surface  area. 

02,762 

PB97-1 1 61 07       PC  A03/M  F  A0 1 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD. 

Intracycle  Evaporative  Cooling  in  a  Vapor  Com- 
pression Cycle. 

B.  S.  Kim,  and  P.  A.  Domanski.  Sep  96,  28p, 
NISTIR-5873. 

Sponsored  by  Department  of  Energy,  Washington,  DC. 
Office  of  Building  Technology. 

Keywords:  "Evaporative  cooling,  "Vapor  compression 
refrigeration  cycle,  Heat  pumps,  Refrigerating,  Build- 
ings, Air  conditioning. 

The  temperature  glide  of  zeotropic  mixtures  during 
phase  change  provides  the  opportunity  to  limit  throt- 
tling losses  of  the  refrigeration  cycle  by  intracycle 
evaporative  cooling  of  the  refrigerant  leaving  the  con- 
denser. Intracycle  evaporative  cooling  is  similar  to  the 
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use  of  the  liquid-line/suction-line  heat  exchanger  with 
the  difference  that  a  two-phase  low-pressure  refrig- 
erant, instead  of  superheated  vapor,  is  used  to  subcool 
the  high-pressure  liquid  leaving  the  condenser. 
Intracycle  evaporative  cooling  was  evaluated  by  a 
semi-theoretical  simulation  model  and  in  the  NIST's 
Small  Breadboard  Heat  Pump  at  the  cooling  mode  op- 
erating condition  typical  for  a  water-to-water  residential 
heat  pump.  The  capacity,  coefficient  of  performance 
(COP),  pressures,  and  temperature  profiles  of  refrig- 
erant and  heat-transfer  fluid  in  the  heat  exchangers  are 
reported.  The  laboratory  measured  improvement  of  the 
COP  was  4.0%  for  R-32/152a,  3.6%  for  R-407C,  and 
1.8  percent  for  R-23/1 52a. 
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The  use  of  a  line-focus  ultrasonic  transducer  in  a  verti- 
cal scanning  reflection  acoustic  microscope  system  is 
well  known  for  quantitative  materials  characterization. 
The  technique  relies  on  the  measurement  of  the  re- 
flected radio  frequency  tone  burst  echo  emplitude,  V, 
as  a  function  of  amount  of  defocus,  z,  and  analysis  of 
the  interference  minima  of  the  V(z)  curve  to  obtain  var- 
ious interface  wave  speeds.  The  technique  uses  well 
developed  theory  representing  fixed  frequency 
ultrasound  generated  and  detected  by  a  cylindrical 
lens  in  the  frequency  domain.  The  authors  have  devel- 
oped a  large  aperture  lensless  line-focus  transducer 
which  is  highly  efficient  and  has  a  bandwidth  wide 
enough  to  allow  the  generation  and  detection  of  narrow 
transient  pulses.  From  this  transducer  placed  in  water 
near  a  solid  sample,  the  resulting  echo  waveforms 
have  multiple  features  which  can  be  interpreted  as  the 
arrival  of  specularly  reflected  axial  ray  and  leaky  sur- 
face waves.  Using  this  transducer,  the  authors  have 
developed  a  time-resolved  and  polarization-sensitive 
testing  tehcnique  for  materials  characterization.  The 
objective  of  the  paper  is  to  provide  a  theoretical  basis 
for  interpretation  and  analysis  of  these  time  domain 
waveforms. 
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Acoustic  microscopy  provides  materials  characteriza- 
tion by  measuring  the  leaky  surface  wave  speed  and 
attenuation  in  sample  materials.  These  measurements 
may  be  interpreted  by  analyzing  a  V(z)  curve,  which 
is  a  record  of  the  voltage  of  the  transducer  as  a  func- 
tion of  the  defocus  distance  z  between  the  focal  point 
and  sample  surface.  Since  the  V(z)  curve  results  from 
the  interference  between  the  leaky  surface  waves  and 
the  direct-reflected  wave  in  a  tone-burst  mode  of  oper- 
ation, the  fast  Fourier  transform  (FFT)  technique  is 
commonly  used  to  analyze  the  V(z)  curve  in  the  fre- 
quency domain.  While  this  manner  of  acoustic  micros- 
copy utilizes  a  small  aperture  lens  and  high  frequency 
tone  bursts  in  order  to  obtain  high  spatial  resolution, 
the  system  cost  is  greater  than  the  alternative  short- 
pulse  broadband  systems.  Furthermore,  high  spatial 
resolution  is  not  necessary  for  many  practical  meas- 
urements, for  example  in  the  case  of  composite  mate- 
rials. 
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A  large  aperture  lens-less  line-focus  transducer  for  ma- 
terials characterization  is  described.  The  transducer 
design  is  based  on  a  time-domain  Green's  function  for- 
malism, which  also  yields  good  theoretical  corrobora- 
tion of  the  experimental  results.  The  transducer  con- 
struction is  readily  achieved  by  conforming  commercial 
polyvinylidene  fluoride  (PVDF)  film  to  a  cylindrical 
(convex)  surface,  followed  by  casting  a  tungsten-pow- 
der-loaded epoxy  resin  backing  material  into  an  at- 
tached housing.  This  transducer  can  be  used  to  char- 
acterize sample  material  properties  by  simultaneously 
measuring  surface  wave  speeds  and  bulk  wave  transit 
times,  from  which  the  thickness  and  anisotropy  may 
be  deduced. 
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The  Database  Language  SQL  (SQL)  is  a  standard 
interface  for  accessing  and  manipulating  relational 
databases.  As  such,  SQL  can  be  used  in  many  dif- 
ferent operational  environments,  with  correspondingly 
different  needs  for  security.  One  specific  application  of 
this  standard  is  in  the  field  of  Product  Data  Exchange 
using  STEP  (PDES).  This  paper  examines  the  security 
implications  of  the  versions  of  the  SQL  standard  as 
used  to  implement  STEP.  STEP  does  not  imply  any 
particular  security  policy,  so  a  variety  of  security  poli- 
cies are  examined.  The  paper  has  been  written  as  a 
companion  document  to  the  National  Institute  of  Stand- 
ards and  Technology's  (NTIS's)  general  SQL  security 
document,  'Security  Issues  in  the  Database  Language 
SQL',  and  references  that  document  frequently. 
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The  National  Product  Data  Exchange  using  STEP 
(PDES)  Testbed  project  at  the  National  Institute  of 
Standards  and  Technology  (NIST)  is  focused  on  the 


development  and  implementation  of  the  emerging 
international  Standard  for  the  Exchange  of  Product 
model  data  (STEP).  One  sub-project  within  the 
Testbed  is  the  effort  to  establish  an  Application  Proto- 
col Development  Environment  (APDE).  The  report  de- 
scribes the  architecture  of  a  prototype  system  which 
will  be  built  at  NIST  to  demonstrate  some  of  the  fea- 
tures needed  in  an  APDE  and  some  approaches  to 
providing  these  features.  The  demonstration  system 
will  focus  on  a  specific  step  in  the  AP  development 
process,  namely  Application  Reference  Model  (ARM) 
interpretation.  The  functionality  demonstrated  is  based 
on  specifications  documented  in  an  earlier  report. 
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Variant  design  refers  to  the  technique  of  adapting  ex- 
isting design  specifications  to  satisfy  new  design  goals 
and  constraints.  Specific  support  of  variant  design 
techniques  in  current  computer  aided  design  systems 
would  help  to  realize  a  rapid  response  manufacturing 
environment.  A  survey  of  approaches  supporting  vari- 
ant design  is  presented.  Capabilities  used  in  current 
commercial  computer  aided  design  systems  are  dis- 
cussed along  with  approaches  used  in  recent  research 
efforts.  Information  standards  applicable  to  variant  de- 
sign are  identified  as  well.  Barriers  to  variant  design 
in  current  systems  are  identified  and  ideas  are  pre- 
sented for  augmentation  of  current  systems  to  support 
variant  design. 
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EXPRESS  is  the  official  information  modeling  lan- 
guage of  the  next  generation  of  product  information 
standards,  commonly  referred  to  as  STEP  or  Standard 
for  the  Exchange  of  Product  Model  Data.  This  paper 
presents  a  Structural  EXPRESS  Editor  (SEXE),  which 
has  two  parts:  an  Interactive  Editor,  and  a  Translation 
Module.  The  Interactive  Editor  was  built  using  a  tool 
called  the  Data  Probe  Editor  (DPE)  Builder  and  is  an 
interactive,  friendly  editor  with  which  a  user  defines  the 
structure  of  an  EXPRESS  schema.  The  output  of  the 
Interactive  Editor  is  a  STEP  exchange  file  that  is  trans- 
lated into  EXPRESS  by  the  Translation  Module,  a  soft- 
ware system  written  in  LISP.  The  paper  describes  the 
DPE  Builder  and  both  parts  of  SEXE.  The  editor  is  as- 
sessed and  EXPRESS  editors,  generally,  are  dis- 
cussed. Alternative  representations  of  EXPRESS  are 
presented.  A  few  issues  in  information  modeling  high- 
lighted in  the  course  of  building  the  editor  are  dis- 
cussed. 
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Technical  experts  are  developing  the  next  generation 
product  information  exchange  standards,  called  the 
Standard  for  the  Exchange  of  Product  Model  Data 
(STEP).  The  STEP  project  is  using  the  application  pro- 
tocol (AP)  methodology  for  defining  the  information  re- 
quirements of  industry  and  for  specifying  standards  for 
representing  these  requirements.  Several  APs  have  al- 
ready been  drafted.  Before  the  AP  methodology  is  ex- 
panded to  address  more  complex  problems,  and  be- 
fore any  more  AP  projects  are  initiated,  the  fundamen- 
tal methods  for  developing  and  testing  APs  must  be 
completed  and  proven.  This  report  provides  a  descrip- 
tion of  application  protocols,  a  summary  of  AP  develop- 
ment issues  (supplemented  by  discussions  and  case 
studies  in  the  appendices),  a  listing  of  the  relevant  doc- 
umentation and  issues  papers,  and  recommendations 
for  resolving  the  identified  issues.  This  includes  rec- 
ommendations on  functional  requirements  for  an  AP 
framework,  elements  of  AP  structure,  coordination  of 
AP  development,  and  AP  classification.  This  report 
provides  a  baseline  study  for  subsequent  work  on  an 
AP  Framework  by  members  of  the  STEP  community. 
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This  document  describes  requirements  for  software  to 
support  the  testing  of  information  models  for  validity 
and  correctness.  The  requirements  provide  a  basis  for 
the  software  development  to  support  the  Validation 
Testing  System  (VTS)  within  the  National  PDES 
Testbed.  This  document  describes  the  software  needs 
as  currently  known  for  a  complete  validation  testing 
system.  It  identifies  the  scope  of  the  VTS  software,  pre- 
sents functional  requirements  for  the  proposed  system, 
describes  the  data  flow,  environment,  external  inter- 
faces, performance,  and  documentation  requirements 
of  the  system,  and  prioritizes  the  requirements  for  the 
purpose  of  implementing  the  proposed  system. 
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Initially,  the  report  presents  a  constraint  framework  that 
can  identify  all  the  root  constraints  and  their  associated 
activities  for  the  engineering,  construction,  and  oper- 
ation of  a  petrochemical  plant.  Second,  it  demonstrates 
how  the  constraint  framework  leads  to  functional  mod- 
els of  design  that  can  be  traced  directly  to  the  con- 
straints they  address.  This  avoids  some  of  the  prob- 
lems in  basing  models  on  design  tasks  assigned  within 
phases.  Third,  it  demonstrates  how  external  con- 
straints do,  in  fact,  influence  design  and  how  to  analyze 
their  influence.  Fourth,  it  discusses  some  of  the  data 
that  is  produced  to  document  that  the  constraints  have 
been  satisfied.  It  provides  a  list  of  some  of  the  tools 


that  support  the  creation  and  maintenance  of  these 
data  sets.  Last,  it  discusses  the  business  case  for  3D 
design  and  for  digital  Piping  and  Instrumentation  Draw- 
ings (P&ID)  delivery. 
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This  paper  gives  a  brief  overview  of  the  concepts  of 
enterprise  integration,  defines  a  national  strategy  for 
enterprise  integration  (El)  that  involves  not  only  stand- 
ards bodies  but  also  the  government  and  industry 
groups  with  an  interest  in  El  technology  and  standards, 
and  proposes  that  one  specific  standards  organization, 
the  US  PRO  that  oversees  the  Initial  Graphics  Ex- 
change Specification  (IGES)  Product  Data  Exchange 
using  STEP  (PDES)  Organization,  develop  a  new  ex- 
tended scope  that  will  tackle  the  El  standards  issues. 
Finally,  a  business  case  for  US  PRO  involvement  in 
El  is  discussed,  first  through  the  identification  of  key 
issues  requiring  resolution,  and  then  through  listing  the 
pros  and  cons  of  extending  the  scope  to  enterprise  in- 
tegration framework  standards.  As  reference  informa- 
tion to  support  the  paper,  the  key  government  and  in- 
dustrial groups  that  are  involved  in  El-related  tech- 
nology development  programs  are  described  along 
with  the  organizations  that  have  a  stake  in  the  stand- 
ards process. 
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The  document  is  a  summary  of  the  Initial  Graphics  Ex- 
change Specification/Product  Data  Exchange  using 
STEP  (IGES/PDES)  Organization  General  Assembly 
meeting  and  the  IGES/PDES  technical  committee 
meetings  held  in  Albuquerque,  New  Mexico,  on  Octo- 
ber 15th  -  20th,  1989. 
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A  description  of  the  National  PDES  Testbed  which  has 
recently  been  established  at  the  National  Institute  of 
Standards  and  Technology  (NIST)  to  provide  support 
for  industry  and  government  projects  in  developing  and 
testing  the  Product  Data  Exchange  Specification 


Computer  Aided  Design  (CAD) 


(PDES),  the  next  generation  of  data  interchange  stand- 
ards for  automated  manufacturing.  An  overview  of  the 
Automated  Manufacturing  Research  Facility  (AMRF), 
which  provides  the  foundation  for  the  Testbed,  is  in- 
cluded. 
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Industry  has  a  need  to  share  data  among  functions 
within  its  own  enterprise  and  among  its  suppliers  and 
partners.  A  standard  specification  for  manufacturing 
data  is  needed  that  can  support  the  entire  product  de- 
velopment and  support  life-cycle.  The  emerging  inter- 
national standard  called  the  Standard  for  the  Exchange 
of  Product  Model  Data  (STEP)  is  addressing  this  need 
by  specifying  what  data  is  needed  within  industrial  ap- 
plication areas,  how  it  should  be  represented,  and  how 
it  should  be  exchanged.  The  Application  Protocol  De- 
velopment Environment  (APDE)  is  a  software  project 
at  the  National  Institute  of  Standards  and  Technology 
(NIST)  designed  to  facilitate  the  development,  accept- 
ance, and  use  of  STEP.  The  paper  discusses  the  sta- 
tus of  STEP,  barriers  to  the  development,  acceptance, 
and  use  of  STEP,  and  the  benefits  of  using  STEP  in 
industry.  Aspects  of  the  APDE  project  are  also  dis- 
cussed including  current  status,  lans  for  a  STEP  infor- 
mation base,  use  of  the  Standard  Generalized  Markup 
Language  (SGML)  for  facilitating  the  information  base, 
barriers  to  the  project,  and  expected  benefits  for  STEP. 
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SOLIS(STEP  On-Line  Information  Service), 
IGES(lnitial  Graphics  Exchange  Specification), 
PDES(Product  Data  Exchange  using  STEP). 

This  document  contains  an  overview  and  describes  the 
objectives  of  the  STEP  (STandard  for  the  Exchange 
of  Product  model  Data)  On-Line  Information  Service 
(SOLIS).  This  report  is  also  intended  to  provide  a  gen- 
eral explanation  of  this  service  and  its  capabilities.  The 
service  is  provided  and  maintained  by  the  National  In- 
stitute of  Standards  and  Technology  (NIST),  Manufac- 
turing Engineering  Laboratory  (MEL),  IGES/PDES  (Ini- 
tial Graphics  Exchange  Specification/Product  Data  Ex- 
change using  STEP)  Office  in  the  Factory  Automation 
Systems  Division.  SOLIS  enhances  the  ability  to  gain 
consensus  on  STEP  by  expanding  the  availability  of 
the  draft  standards,  supporting  documents,  and  soft- 
ware used  by  the  community  of  experts  who  are  con- 
tributing to  this  standard. 
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Product  Model  Data),  "Standard  tor  the  Exchange  of 
Product  Model  Data,  *SGML(Standard  Generalized 
Markup  Language),  'Standard  Generalized  Markup 
Language,  US  NIST,  APDE(Application  Protocol  De- 
velopment), DTD(DocumentType  Definition). 

The  paper  provides  an  in-depth  discussion  of  the  com- 
ponents of  a  proposed  Standard  Generalized  Markup 
Language  (SGML)  environment  for  the  Standard  for 
the  Exchange  of  Product  Model  Data  (STEP).  Section 
one  introduces  the  SGML  environment  for  STEP  and 
provides  a  definition  of  SGML  and  its  applicability  to 
STEP.  Section  two  provides  a  background  discussion 
of  the  Application  Protocol  Development  Environ- 
mental (APDE)  project  and  its  relationship  to  the  SGML 
environment  for  STEP.  Section  three  provides  addi- 
tional basic  concepts  in  SGML.  Section  four  provides 
further  discussion  on  the  benefits  of  using  SGML  and 
the  rationale  for  choosing  SGML  for  STEP.  Section  five 
provides  a  detailed  overview  of  the  components  of  an 
SGML  environment  for  STEP.  Finally,  section  six  con- 
cludes with  an  overview  of  the  lessons  learned,  current 
status,  and  the  near-term  and  long-term  future  plans 
for  the  STEP  SGML  environment. 
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the  Exchange  of  Product  model  data,  *US  NIST,  Con- 
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Application  protocols. 

The  standard  for  Product  Data  Representation  and  Ex- 
change, ISO  10303,  defines  a  neutral,  computer-inter- 
pretable  representation  for  describing  product  data  in 
a  manner  that  is  independent  from  any  particular  sys- 
tem. This  standard  is  more  commonly  known  as  STEP, 
STandard  for  the  Exchange  of  Product  model  data. 
This  document  describes  the  policy  and  procedures  for 
a  'beta'  conformance  testing  program  for  one  of  the  ap- 
plication protocols:  Configuration  Controlled  3D  Design 
for  Mechanical  Parts  and  Assemblies  (ISO  10303- 
203).  However,  the  concepts  described  are  applicable 
to  ISO  10303  in  general,  and  the  characteristics  of  the 
longer  term  testing  program  are  described.  This  docu- 
ment describes  the  policy  and  procedures  used  by  the 
National  Institute  of  Standards  and  Technology  (NIST) 
and  the  Industrial  Technology  Institute  (ITI)  for  the  Beta 
STEP  Conformance  Testing  Program.  The  objective  of 
this  beta  program  is  to  develop  an  acceptable  degree 
of  confidence  in  the  test  methods  and  procedures. 
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Keywords:  "Tests,  Computer  aided  design,  Computer 
aided  manufacturing,  Data  transfer(Computers), 
Preprocessors,  Federal  information  processing  stand- 
ards, "CALS,  *IGES(lnitial  Graphics  Exchange  Speci- 
fication), "Initial  Graphics  Exchange  Specification, 
Continuous  Acquisition  and  Life-Cycle  Support,  Com- 
puter-aided Acquisition  and  Logistics  Support,  US 
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This  document  provides  general  procedures  for  the 
National  Institute  of  Standards  and  Technology's 
(NIST)  Initial  Graphics  Exchange  Specification  (IGES) 
Validation  Test  Service.  The  NIST  IGES  Validation 
Test  Service  provides  a  way  of  determining  the  degree 
to  which  an  implementation  conforms  to  the  FIPS  PUB 
177,  which  adopts  the  ANSI  standard  (ASME/ANSI 
Y14.26M-1989)  in  its  entirety.  The  NIST  IGES  Valida- 
tion Test  Service  also  provides  a  way  of  determining 
the  degree  to  which  an  implementation  confirms  to  the 
Continuous  Acquisition  and  Life-Cycle  Support  (CALS) 
specification,  MIL-D-28000,  Class  II  subset.  The  goal 


of  the  NIST  Validation  Test  Service  is  to  maximize  the 
probability  of  successful  data  exchange  between  dis- 
similar CAD/CAM  systems.  The  document  is  divided 
into  two  testing  programs:  preprocessor  and 
postprocessor  testing.  The  procedures  are  organized 
into  four  sections:  an  introduction,  general  procedures, 
and  specific  procedures  for  the  two  testing  programs. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  has  built  numerous  software  toolkits  and  appli- 
cations for  manipulating  STEP  and  EXPRESS  data. 
The  NIST  EXPRESS  Server  is  a  computational  facility 
at  NIST,  which  provides  the  ability  to  run  these  toolkit- 
based  applications  remotely  without  installing  them  lo- 
cally. Users  e-mail  EXPRESS  Schemas  and  other  data 
files  to  the  Server.  The  Server  runs  the  requested  ap- 
plications on  the  files  and  returns  any  diagnostics  or 
output,  also  by  e-mail.  Applications  requiring  inter- 
action can  either  be  returned  via  e-mail  so  that  they 
can  be  run  locally,  or  run  remotely  by  telnet  or  rlogin 
across  the  Internet. 
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trative procedures,  Documentation,  Record  keeping, 
Standardization,  Computer  aided  design,  Data  proc- 
essing, Data  transfer(Computers),  Concurrent  engi- 
neering, *IGES(lnitial  Graphics  Exchange  Specifica- 
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The  purpose  of  this  document  is  to  provide  a  record 
of  the  underlying  rationale  and  the  detailed  procedures 
by  which  the  Initial  Graphics  Exchange  Specification 
(IGES)  is  changed,  new  versions  are  approved,  and 
the  document  itself  is  edited,  maintained,  and  pub- 
lished by  the  IGES  Project  of  the  IGES/PDES  Organi- 
zation (IPO).  The  document  also  defines  the  life  cycle 
documentation  supporting  these  activities  and  pro- 
vides guidance  for  its  use,  including  record  keeping  re- 
quirements, to  provide  evidence  of  compliance  with 
these  procedures.  Procedures  given  in  this  document 
are  intended  to  be  supplementary  to  and  consistent 
with  the  documented  procedures  of  the  General  As- 
sembly of  the  IPO  for  the  IGES  Project.  In  general,  pro- 
cedures in  this  document  are  at  a  more  detailed,  work- 
ing level. 

02,783 

PB95-253563       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD.  Manufacturing  Systems  Integration 

Div. 

Product  Models  and  Virtual  Prototypes  in  Mechani- 
cal Engineering. 

M.  J.  Pratt.  May  95,  22p,  NISTIR-5650. 
Presented  at  the  IFIP  Working  Group  5.10  Workshop 
on  Virtual  Prototyping,  Providence,  Rl.,  September  21- 
23, 1994. 

Keywords:  .  "Product  development,  "Models, 
"Prototypes,  "Mechanical  engineering,  Virtual  reality, 
Computerized  simulation,  Computer  graphics,  Com- 
puter aided  design,  Computer  aided  manufacturing, 
Systems  integration,  Production  engineering,  Knowl- 
edge based  systems,  Feature  extraction. 

The  paper  gives  an  overview  of  some  of  the  modeling 
and  virtual  prototyping  techniques  used  in  product  real- 


ization, with  emphasis  on  the  mechanical  engineering 
field.  It  is  pointed  out  that  virtual  prototypes,  in  the  com- 
monly accepted  sense  of  computer  models  permitting 
realistic  graphical  simulation,  represent  only  one  class 
amongst  the  many  types  of  computer  models  used  in 
design  and  planning  for  manufacture.  Each  such 
model  is  usually  created  for  some  comparatively  nar- 
row purpose,  and  one  of  the  major  problems  faced  by 
developers  of  product  realization  systems  concerns 
the  transmutation  of  one  type  of  model  into  another. 
A  related  problem  is  that  of  interpretation  by  any  model 
of  information  generated  by  interrogations  of  another 
model.  These  difficulties  are  compounded  by  the  in- 
creasing presence  in  such  models  of  semantic  infor- 
mation concerning  different  aspects  of  the  intended 
functionality  or  manufacturing  requirements  of  the 
modelled  artifact. 


02, 784 

PB95-267860       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD.  Factory  Automation  Systems  Div. 

Design  Engineering  Research  at  NIST. 

K.  W.  Lyons,  and  P.  F.  Brown.  May  94,  22p,  NISTIR- 

5464. 

Keywords:  "Design,  "US  NIST,  "Production  engineer- 
ing, Research  management,  Technology  transfer,  Re- 
search and  development. 

The  National  Institute  of  Standards  and  Technology 
(NIST)  has  established  an  Engineering  Design  Labora- 
tory (EDL)  to  assist  in  determining  the  best  practices 
and  methods  to  design  new  products  and  processes. 
This  paper  includes  a  description  of  issues  facing  de- 
signers and  outlines  research  activities  that  are  cur- 
rently being  done,  or  are  planned,  at  NIST. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  has  built  numerous  software  toolkits  and  appli- 
cations for  manipulating  STEP  and  EXPRESS  data. 
These  toolkits  are  traditionally  used  as  compiled  librar- 
ies which  are  linked  to  other  complied  modules.  This 
paper  describes  a  binding  allowing  the  toolkit  inter- 
faces to  be  called  from  interpreted  scripts.  This  signifi- 
cantly reduces  the  time  required  to  construct  and  com- 
pile new  applications.  An  X11  extension  allows  the 
construction  of  graphic  elements,  providing  easy  cre- 
ation and  integration  of  existing  applications  into  X 
graphic  user  interfaces.  We  describe  how  the  combina- 
tion of  bindings  has  been  used  to  construct  a  STEP 
Application  Protocol  Development  Environment. 
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The  mapping  table  is  a  pivotal  component  of  an  appli- 
cation protocol  (AP).  The  mapping  table  documents 
the  traceability  of  the  application  information  require- 
ments between  the  specification  of  these  requirements 
in  clause  4  of  the  AP  and  the  application  interpreted 
model  (AIM)  that  documents  how  standardized  con- 
structs are  applied  to  satisfy  these  requirements  in 
clause  5.  The  document  is  intended  to  provide  guid- 
ance to  application  protocol  development  teams  on  the 
creation  of  mapping  tables.  Additionally,  the  document 
may  aid  reviewers  and  implementors  of  APs  in  under- 
standing mapping  tables.  The  document  describes  the 
methodology  for  producing  a  complete  mapping  table, 
focusing  on  the  development  of  the  mapping  table  con- 
tent. Specifics  on  style,  format,  boiler  plate  text,  and 
other  presentation  issues  are  provided  in  the  Supple- 
mentary directives  for  the  drafting  and  presentation  of 
ISO  10303  (Supplementary  directives).  Additional 
guidance  on  other  areas  of  AP  development  is  found 
in  the  Guidelines  for  development  and  approval  of 
STEP  application  protocols. 
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The  standard  for  Product  Data  Representation  and  Ex- 
change, ISO  10303,  defines  a  neutral,  computer-inter- 
pretable  representation  for  describing  product  data  in 
a  manner  that  is  independent  from  any  particular  sys- 
tem. This  standard  is  more  commonly  known  as  STEP, 
Standard  for  the  Exchange  of  Product  model  data  and 
it  is  designed  to  support  a  wide  range  of  design,  engi- 
neering, and  product  support  applications.  STEP  was 
adopted  verbatim  as  an  American  National  Standard 
(ANS)  titled  Product  Data  Exchange  using  Step,  ANSI 
USPRO  200.  Support  for  specific  applications  is  pro- 
vided through  an  Application  Protocol.  This  document 
provides  general  procedures  for  the  National  Institute 
of  Standards  and  Technology's  (NIST)  STEP  FIPS 
Validation  Service.  The  Validation  Service  provides  a 
way  of  determining  the  degree  to  which  an  implemen- 
tation conforms  to  the  proposed  STEP  FIPS.  The  goal 
of  the  Validation  Service  is  to  maximize  the  probability 
of  successful  interchange  among  systems  which  im- 
plement the  same  STEP  applications  protocol. 
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This  paper  addresses  the  use  of  reusable  template- 
driven  architectures  to  improve  system  and  software 
development  methods  with  an  extended  IDEF.  Ex- 
tended IDEF  is  proposed  as  a  family  of  modeling  tech- 
niques that  has  been  integrated  with  the  proposed 
Federal  Information  Processing  Standards  (FIPS)  for 
IDEFO  and  IDEFIX,  and  extended  to  offer  more  sup- 
port for  the  system  and  software  development  lifecycle. 
Integrated  through  a  metamodel,  Extended  IDEF  will 
present  a  number  of  distinct  views  to  users  working  in 
different  aspects  of  the  lifecycle,  such  as  activity  mod- 
eling, data  modeling,  object  modeling,  state/event 
modeling,  etc.  Integration  through  the  metamodel  is  in- 
tended to  maintain  the  critical  relationships  among  the 


IDEF  techniques;  extension  through  the  lifecycle  is  in- 
tended to  expand  the  utility  of  IDEF. 
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Prepared  in  cooperation  with  Product  Data  Integration 
Technology,  Long  Beach,  CA. 

Keywords:  'Computer  aided  manufacturing,  'Industrial 
plants,  'Computer  aided  design,  'Standards,  Standard 
tools,  Pipes  tubes,  Models,  *STEP(Standard  for  the 
Exchange  of  Product  Model  Data),  ISO  1303,  Standard 
for  the  the  Exchange  of  Product  Model  Data,  Applica- 
tion protocols,  Spatial  distribution. 

The  document  specifies  the  scope  and  information  re- 
quirements of  the  STEP  application  protocol  (AP)  for 
the  exchange  of  spatial  configuration  information  of 
plant  systems  with  a  central  emphasis  on  piping  sys- 
tems. It  specifies  the  information  required  to  construct 
a  piping  system,  including  the  shape,  material,  and  ar- 
rangements of  the  system  components.  It  also  speci- 
fies requirements  for  the  physical  aspects  of  other 
plant  systems  (e.g.,  structure)  needed  to  design  and 
layout  the  piping  system.  The  document  includes  the 
application  activity  model  (AAM)  and  application  ref- 
erence model  (ARM)  for  this  AP.  The  document  was 
submitted  to  ISO  TC184/SC4  and  to  international  ex- 
perts for  review  and  comment  on  the  scope  and  re- 
quirements of  the  AP.  Additional  clauses  and  annexes 
and  refinements  will  be  added  to  the  AP  after  the  com- 
pletion of  the  ISO  Committee  Draft  for  Comment  re- 
view. 
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Keywords:  'Clothing  industry,  'Computer  aided  de- 
sign, Computer  aided  manufacturing,  Data  transfer, 
Patterns,  Tests,  Models,  Data  structures,  Data  ex- 
change, Standard,  Product  data,  Textile  industry, 
STEP(Standard  for  the  Exchange  of  Product  Model 
Data). 

Emerging  computer  technology,  including  an  infra- 
structure for  virtual  enterprises  and  more  capable  ap- 
parel product  development  software,  is  providing  an 
opportunity  to  reinvent  how  apparel  is  produced.  The 
development  of  an  information-rich  and  unambiguous 
garment  product  model  would  help  realize  this  oppor- 
tunity. This  product  model  would  improve  the  effective- 
ness of  product  development  software  and  enhance 
the  industry's  ability  to  distribute  work  in  virtual  enter- 
prises. This  paper  suggests  what  such  a  product  model 
should  contain,  how  it  can  be  developed  and  how  it 
would  be  utilized  throughout  the  product  development 
life  cycle  to  enable  apparel  virtual  enterprises. 
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Web  Gateway. 
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Keywords:  'Documents,  'Standards,  Parsers,  Text 
processing,  Information  retrieval,  *STEP(Standard  for 
the  Exchange  of  Product  Model  Data),  Standard  for  the 
Exchange  of  Product  Model  Data,  SGML(Standard 
Generalized  Markup  Language),  Standard  General- 
ized Markup  Language,  APID(Application  Protocol  In- 
formation Base),  Application  Protocol  Information 
Base,  Internet,  World  Wide  Web,  HTML,  Browsers. 

The  Application  Protocol  Information  Base  (APIB)  is  an 
on-line  repository  of  documents  for  the  Standard  for 
the  Exchange  of  Product  Model  Data  (STEP,  officially 
ISO  10303-Product  Data  Representation  and  Ex- 
change). STEP  Application  Protocols  are  standards 
that  are  intended  to  be  implemented  in  software  sys- 
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terns,  and  Integrated  Resources  are  used  by  them  as 
building  blocks.  Application  Protocols  and  Integrated 
Resources  are  represented  in  the  Standard  General- 
ized Markup  Language  (SGML)  in  the  APIB  in  order 
to  facilitate  efficient  information  search  and  retrieval. 
This  paper  describes  a  World  Wide  Web  gateway  to 
the  APIB,  implemented  using  the  Common  Gateway 
Interface(CGI)  standard.  The  APIB  gateway  allows 
STEP  developers  to  efficiently  search  for  ISO  10303 
standards  and  supporting  information.  The  only  client 
software  required  to  use  the  APIB  gateway  is  a  third 
party  web  browser. 
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Keywords:  'Logic  programming,  'Computer-aided  de- 
sign, 'Representations,  Computer  graphics,  Feature 
extraction,  Pattern  recognition,  Shape,  Geometry, 
Parameterization,  Formalism,  Computer  models, 
Specifications,  Reprints,  'Spatial  relations. 

A  new  method  of  describing  designs  by  combining  the 
paradigms  of  shape  algebras  and  predicate  logic  rep- 
resentations is  presented.  Representing  shapes  and 
spatial  relations  in  first  order  predicate  logic  provides 
a  natural,  intuitive  method  of  developing  complete 
computer  systems  for  reasoning  about  designs.  Shape 
algebraic  representations  provide  several  advantages 
over  more  traditional  geometric  representations.  The 
method  described  involves  the  definition  of  a  large  set 
of  high  level  design  relations  from  a  small  set  of  simple 
structures  and  spatial  relations. 
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Keywords:  'Computer-aided  design,  'Pattern  recogni- 
tion, 'Shape,  'Geometry,  Computer  graphics,  Feature 
extraction,  Representations,  Parameterization,  Logic 
programming,  Formalism,  Computer  models,  Speci- 
fications, Reprints,  Spatial  relations. 

The  use  of  predicate  logic  formulations  of  shape  and 
spatial  relations  provides  a  natural,  intuitive  way  to  ex- 
tend shape  representations  of  the  shape  grammar  for- 
malism to  provide  generalized,  parametric  grammars. 
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The  paper  presents  an  integrated  framework  for  as- 
sembly design.  The  framework  allows  the  designer  to 
represent  knowledge  about  the  design  process  and 
constraints,  as  well  as  information  about  the  artifact 
being  designed,  design  history  and  rationale.  Because 
the  complexity  of  assembly  design  leads  to  extremely 
large  design  spaces,  adequately  supporting  design 
space  exploration  is  a  key  issue  that  must  be  ad- 
dressed. This  is  achieved  in  part  by  allowing  the  de- 
signer to  use  both  top-down  and  bottom-up  ap- 
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proaches  to  assembly  design.  Exploration  of  the  de- 
sign space  is  further  enabled  by  incorporating  a  simu- 
lated annealing-based  optimization  tool  that  allows  the 
designer  to  rapidly  complete  partial  designs,  refine 
complete  designs,  and  generate  multiple  design  alter- 
natives. 
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Keywords:  'Computer-aided  design,  "Product  develop- 
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tion, Attributes,  Specifications,  Automation,  Computer 
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The  paper  presents  a  computational  approach  to  de- 
veloping design  space  models  that  are  utilized  to  im- 
prove the  design  process  by  predicting  values  of  down- 
stream design  attributes  based  on  information  avail- 
able at  early  stages,  such  as  preliminary  design  speci- 
fications. The  predictive  models  are  similar  in  function, 
though  not  in  form,  to  the  internal  (mental)  models  cre- 
ated by  experienced  designers;  however,  the  advan- 
tages of  these  models  are  that  it  may  be  possible  to 
construct  them  in  the  absence  of  a  designer's  internal 
models,  and  that  they  can  be  passed  on  to  and  used 
by  less  experienced  designers.  Once  created,  the 
computational  models  aid  designers  in  exploration  of 
design  alternatives  and  to  reduce  design  costs  and 
product  development  time. 
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Keywords:  'Computer  aided  design,  'Computer  aided 
manufacturing,  'Automotive  engineering,  Production 
planning,  Questionnaires,  Standards,  Networks,  De- 
velopment, Communications,  Packaging,  Information 
exchange,  Motor  vehicles,  Interoperability, 
*STEP(Standard  for  the  Exchange  of  Product  Model 
Data),  'Standard  for  the  Exchange  of  Product  Model 
Data,  ISO10303. 

This  document  describes  user  requirements  for  imple- 
menting STEP  in  a  production  environment  for  packag- 
ing applications  used  in  the  auto  industry.  The  main 
purpose  of  the  document  is  to  report  the  results  of  a 
requirements  survey  of  AutoSTEP  project  participants 
concerning  the  implementation  of  STEP  in  production 
practice. 
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Keywords:  'Computer  aided  design,  'Computer  aided 
manufacturing,  Product  development,  Automation, 
Standards,  Production  planning,  Specifications,  Proc- 
ess engineering,  Systems  engineering.  Protocols, 
*PDES(Product  Data  Exchange  using  STEP),  Concur- 
rent engineering,  STEP(Standard  for  the  Exchange  of 
Product  Model  Data),  ISO(lnternational  Standards  Or- 
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The  document  specifies  the  scope  and  information  re- 
quirements of  the  STEP  application  protocol  (AP)  for 
the  exchange  of  process  engineering  data  with  a 
central  emphasis  on  process  design  and  major  equip- 
ment. It  specifies  the  information  required  to  exchange 
process  engineering  and  conceptual  design  informa- 
tion for  process  plants.  The  information  forms  the  con- 
ceptual basis  for  the  specification,  selection,  and  oper- 


ation of  process  plant  equipment  over  the  plant  life 
cycle.  The  AP  supports  continuous  and  batch  proc- 
esses, process  simulations,  stream  data,  unit  oper- 
ations, conceptual  design  requirements  for  major  proc- 
ess equipment,  and  conceptual  process  control  strate- 
gies. The  document  includes  the  application  activity 
model  (AAM)  and  application  reference  model  (ARM) 
for  this  AP.  The  document  was  submitted  to  ISO 
TC184/SC4  and  to  international  experts  for  review  and 
comment  on  the  scope  and  requirements  of  the  AP. 
The  document  follows  the  format  and  clause  number- 
ing scheme  prescribed  for  this  type  of  International  or- 
ganization for  Standardization  (ISO)  standard.  Addi- 
tional clauses  and  annexes  and  refinements  will  be 
added  to  the  Ap  after  the  completion  of  the  ISO  Group 
1  review. 
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Keywords:  'Computer-aided  design,  'Computer-aided 
manufacturing,  Reprints,  Product  development,  Stand- 
ards, Specifications,  Data  management,  Communica- 
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The  paper  describes  the  need  for  standardized  rep- 
resentations of  product  information  which  are  suitable 
for  electronic  communication  between  engineering  and 
manufacturing  functions.  It  then  describes  how  a  single 
international  standard,  ISO  10303  -  Product  data  rep- 
resentation and  exchange,  has  been  designed  to  meet 
this  industrial  need.  The  benefits  of  STEP  and  the 
scope  of  the  standard  are  presented.  A  high  level  tech- 
nical description  is  given;  this  includes  a  description  of 
the  segments  of  the  standard  that  can  be  used  by  read- 
ers to  determine  if  the  standard  satisfies  any  of  their 
company's  needs  for  product  data  exchange.  Key  play- 
ers in  the  development  and  implementation  of  STEP 
along  with  sources  of  additional  information  are  pro- 
vided. 
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The  paper  describes  a  software  environment  recently 
implemented  for  maintaining  a  registry  of  unique  short 
names  for  each  of  the  entity  data  types  within  each  of 
the  EXPRESS  schemas  in  the  ISO  TC184/SC4  stand- 
ards. The  new  environment  replaces  an  inefficient  ap- 
plication and  has  already  provided  time  savings  for 
both  the  registry's  administrator  and  editors  of  SC4 
standards.  It  is  also  improving  the  quality  of  SC4  stand- 
ards. 
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Also  available  from  Supt.  of  Docs.  See  also  AD-B062 
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Three  ring  vinyl  binder  also  available;  North  American 
Continent  price  $7.00;  all  others  write  for  quote. 

Keywords:  'Computer  aided  manufacturing, 
'Management  information  systems,  Scheduling, 
Shops(work  areas),  Integrated  systems,  Computer  ap- 
plications, Graphical  languages,  Functions, 
*IDEF0(lntegration  Definition  for  Function  Modeling), 
Software  standards,  Modeling  techniques,  Business 
process  improvement,  Activity  modeling. 

The  standard  is  based  on  the  Air  Force  Wright  Aero- 
nautical Laboratories  Integrated  Computer-Aided  Man- 
ufacturing (ICAM)  Architecture,  Part  II,  Volume  IV  - 
Function  Modeling  Manual  (IDEFO),  June  1981  (AD- 
B062  457).  The  standard  describes  the  IDEFO  model- 
ing language  (semantics  and  syntax),  and  associated 
rules  and  techniques,  for  developing  structured  graphi- 
cal representations  of  a  system  or  enterprise.  Use  of 
this  standard  permits  the  construction  of  models  com- 
prising system  functions  (activities,  actions,  processes, 
operations),  functional  relationships,  and  data  (infor- 
mation or  objects)  that  support  systems  integration. 
The  standard  is  the  reference  authority  for  use  by  sys- 
tem or  enterprise  modelers  required  to  utilize  the 
IDEFO  modeling  technique,  by  implementors  in  devel- 
oping tools  for  implementing  the  technique,  and  by 
other  computer  professionals  in  understanding  the  pre- 
cise syntactic  and  semantic  rules  of  the  standard. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  Enhanced  Machine  Controller  program  has  de- 
fined an  architecture  for  controllers,  with  an  emphasis 
on  machine  tools.  The  architecture  defines  a  set  of 
components  and  their  interfaces.  The  objective  is  to  re- 
duce the  cost  of  controller  development,  installation, 
maintenance,  and  integration  by  defining  a  framework 
for  building  controllers  from  commercial  off-the-shelf 
components. 
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This  document  presents  a  high  level  overview  on  the 
use  of  Virtual  Environments  for  manufacturing  applica- 
tions. A  brief  introduction  of  the  many  component  tech- 
nologies used  to  create  'virtual  environments'  gives  the 
reader  enough  background  for  discussion.  The  terms 
virtual  environment,  virtual  reality  and  synthetic  envi- 
ronments all  refer  to  the  concepts  of  placing  a  human 
inside  a  synthetic  or  virtual  environment  and  allowing 
interaction  with  the  environment  in  a  number  of  ways. 
In  recent  years  applications  of  virtual  environments  are 
beginning  to  appear.  In  addition  to  the  basics  of  the 
various  technologies,  information  on  where  to  go  to  get 
more  information  on  these  technologies  is  also  in- 
cluded. A  series  of  case  studies  illustrating  the  use  of 
virtual  environments  for  a  variety  of  manufacturing  ap- 
plications is  presented. 
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See  also  PB91 -240796  and  PB92-1 12242.  Prepared 
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ington, DC. 

Keywords:  'Computer  aided  manufacturing,  'Control 
systems,  'Integrated  systems,  Systems  engineering, 
Industrial  plants,  Computer  architecture,  Hierarchies, 
Models,  Feasibility  studies,  National  Institute  of  Stand- 
ards and  Technology,  RCS(Real-time  Control  Sys- 
tem), MSI(Manufacturing  System  Integration). 

The  Manufacturing  Engineering  Laboratory  (MEL)  at 
the  National  Institute  of  Standards  and  Technology 
(NIST),  has  been  conducting  research  on  control  of 
mechanical  systems  for  more  than  sixteen  years.  The 
Robot  Systems  Division  has  developed  an  architec- 
ture, the  Real-time  Control  System  (RCS)  which  fo- 
cuses on  providing  real-time  control  of  equipment.  The 
Factory  Automated  Systems  Division  has  developed 
the  Manufacturing  System  Integration  (MSI)  architec- 
ture which  focuses  on  providing  information  integration 
with  factory  production  systems.  While  the  architec- 
tures share  some  common  features  such  as  the  use 
of  hierarchical  control  and  task  decomposition,  there 
are  also  differences.  This  report  documents  the  work 
performed  in  assessing  the  feasibility  of  combining  the 
RCS  and  MSI  architectures  into  a  single  reference  ar- 
chitecture. The  report  is  written  primarily  for  the  team 
of  researchers  charged  with  developing  the  joint  archi- 
tecture. It  includes  a  literature  survey,  a  framework  for 
developing  the  joint  architecture,  a  detailed  set  of  is- 
sues about  architectures  and  control  architectures,  and 
a  preliminary  sketch  of  the  joint  architecture. 
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Keywords:  'Automation,  'Industrial  plants,  'Data  base 
management  systems,  'Standards,  Interfaces,  Re- 
search and  development,  Computer  aided  manufactur- 
ing. Industries,  National  Institute  of  Standards  and 
Technology,  Concurrent  engineering,  STEPfStandard 
for  the  Exchange  of  Product  Model  Data), 
PDES(Product  Data  Exchange  using  STEP). 

The  report  describes  the  1 993  technical  program  of  the 
Factory  Automation  Systems  Division  (FASD),  one  of 
five  technical  divisions  in  the  Manufacturing  Engineer- 
ing Laboratory  (MEL),  within  the  National  Institute  of 
Standards  and  Technology  (NIST).  MEL  supports  the 
U.S.  mechanical  manufacturing  industry  through  re- 
search and  measurement  services  that  are  oriented  to- 
ward a  modern  automated  environment.  The  mission 


of  FASD  is  to  provide  a  focus  for  national  research  and 
standards  efforts  related  to  information  systems  for 
manufacturing.  In  carrying  out  its  mission,  the  Division 
contributes  to  the  strength  of  manufacturing  in  the  Unit- 
ed States  and  to  the  ability  of  the  United  States  to  re- 
main competitive  in  world  markets.  The  Division  pro- 
vides leadership  in  the  development  of  national  and 
international  standards  relating  to  information  tech- 
nology and  manufacturing  systems  to  meet  U.S.  indus- 
try needs  for  the  twenty-first  century.  The  work  is  orga- 
nized around  five  key  technologies:  Enterprise  Integra- 
tion, Product  Data  Exchange,  FCIM  Processes,  Com- 
munications and  Networking,  and  Database  and 
Database  Management.  Typical  outputs  for  the  Divi- 
sion include:  draft  specifications  for  future  standards, 
journal  papers  describing  research  results,  prototype 
software  systems  that  demonstrate  proof-of-concept, 
test  methodologies  for  supporting  the  implementation 
of  standards  and  testbeds  for  use  by  NIST,  industry, 
and  academia. 
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Anthropometric  data  and  sizing  systems  is  an  impor- 
tant component  of  apparel  quality.  Apparel  can  not  be 
top  quality  unless  it  fits  satisfactorily  the  potential  wear- 
ers. Much  research  has  been  conducted  on  this  topic 
area.  Some  of  these  research  results  are  documented 
but  scattered.  The  purpose  of  the  report  is  to  collect 
these  documentation/references  for  the  quick  use  of 
apparel  researchers  who  are  studying  sizing  and  its  re- 
lated issues.  The  report  presents  an  annotated  bibliog- 
raphy for  apparel  sizing  and  related  issues.  The  report 
lists  full  bibliographic  reference  data  and  a  brief  ab- 
stract or  summary  for  each  technical  paper  or  book. 
The  literature  collection  for  the  bibliography  includes 
documents  from  books,  journals,  reports,  and  national 
and  international  standards. 
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Keywords:  'Metrology,  'Computer  aided  manufactur- 
ing, 'Dimensional  measurement,  'Weapon  systems, 
Inspection,  Navy,  Measuring  instruments,  Quality  as- 
surance, Surveys,  Production  engineering, 
'Coordinate  Measuring  Machines,  Integrated  manu- 
facturing. 


This  report  presents  the  results  of  a  one  year  study 
of  Coordinate  Measuring  Machine  (CMM)  technology 
at  US  Navy  manufacturing  facilities,  both  in-house  and 
contractor.  The  study  was  sponsored  by  the  Navy 
Manufacturing  Technology  (ManTech)  program 
through  the  NIST  Automated  Manufacturing  Research 
Facility  (AMRF)  and  was  conducted  by  technical  staff 
members  of  the  NIST  Manufacturing  Engineering  Lab- 
oratory (MEL).  The  results  of  the  study  are  an  analysis 
of  the  state-of-the-practice  in  the  Navy  regarding  CMM 
utilization  specifically  with  respect  to  weapon  system 
manufacture.  The  results  of  the  study  are  also  an  anal- 
ysis of  the  Navy's  needs  in  CMM  technologies. 
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NIST  Support  to  the  Next  Generation  Controller 
Program:  1991  Final  Technical  Report. 

J.  S.  Albus,  R.  Quintero,  F.  Proctor,  N.  Tarnoff,  T. 
Kramer,  J.  Michaloski,  and  N.  Dagalakis.  Jul  92, 
188p,  NISTIR-4888. 

Keywords:  'Process  control,  'Computer  aided  manu- 
facturing, 'Controllers,  Technology  assessment,  Air 
force,  Control  systems,  Real  time  systems,  Deburring, 
Chamfering,  Data  structures,  Knowledge 
bases(Artificial  intelligence),  Robots,  Software  engi- 
neering, Automation,  Machine  tools,  'National  Institute 
of  Standards  and  Technology,  PDES(Product  Data  Ex- 
change using  STEP),  STEP(Standard  for  the  Ex- 
change of  Product  Model  Data). 

This  report  covers  work  performed  by  the  National  In- 
stitute of  Standards  and  Technology  (NIST)  Robot 
Systems  Division  between  October  1,  1990  and  De- 
cember 31 ,  1 991  in  continuation  of  work  previously  un- 
dertaken by  NIST  during  FY90  for  the  U.S.  Air  Force 
Next  Generation  Controller  Program  (NGC). 
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Keywords:  'Materials,  'Process  control,  'Artificial  intel- 
ligence, Metals,  Alloys,  Ceramics,  Polymers,  Monitor- 
ing, Sensors,  Nondestructive  tests,  Arc  welding,  Aero- 
space environment,  Eddy  current  tests,  Metal  sheets, 
Research  projects. 

The  1993  report  of  the  Office  of  Intelligent  Processing 
of  Materials  continued  to  focus  on  cooperative  pro- 
grams with  industry  and  includes  projects  on  metals 
and  alloys,  ceramics,  polymers  and  polymer  blends. 
The  report  also  summarizes  research  on  sensors  for 
potential  applications  to  process  monitoring. 
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AMRF  Composite  Fabrication  Workstation. 
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Pub.  in  Proceedings  of  International  Symposium  on 
Robotics  and  Manufacturing  (3rd):  Research,  Edu- 
cation, and  Applications,  British  Columbia,  Canada, 
July  18-20,  1990,  p655-660. 
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"Robots,  'Computer  aided  manufacturing,  'Fiber  rein- 
forced composites,  Manipulators,  Robotics,  Composite 
materials,  Real  time,  Matrix  materials,  Control  sys- 
tems, Reprints. 

The  Robot  Systems  Division  of  the  National  Institute 
of  Standards  and  Technology  (NIST)  has  initiated  de- 
velopment of  an  advanced  manufacturing  workstation 
for  the  fabrication  of  composite  parts.  The  focus  of  this 
project  will  be  the  application  of  sensor-based  hier- 
archically controlled  robot  systems  to  automated  fiber 
placement  of  thermoplastic  composite  materials.  In 
such  a  system,  continuous  fiber  reinforced  thermo- 
plastic polymer  is  fed  from  a  spool  and  applied  onto 
a  mandrel  or  part  form.  The  orientation  of  the  fiber  is 
based  on  the  part's  geometry  and  structural  design.  As 
the  composite  material  is  applied,  it  is  heated  to  melt 
the  polymer  matrix,  and  then  consolidates  in  place  as 
it  cools.  The  intention  of  this  project  is  to  demonstrate 
that  the  use  of  fiber  placement  via  two  cooperating 
robot  manipulators  and  in-situ  consolidation,  can  pro- 
vide the  capability  to  efficiently  produce  complex 
shaped  composite  parts. 
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Intelligent  Processing  of  Materials. 
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H.  T.  Yolken.  1992,  10p. 

Pub.  in  Flight-Vehicle  Materials,  Structures,  and  Dy- 
namics Technologies  -  Assessment  and  Future  Direc- 
tions, Chapter  15,  p375-384  1992.  See  also  PB94- 
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MANUFACTURING  TECHNOLOGY 
Computer  Aided  Manufacturing  (CAM) 


Keywords:  "Process  control,  'Computer  aided  manu- 
facturing, "Nondestructive  testing,  'Composite  mate- 
rials, Microstructure,  Artificial  intelligence,  Sensors, 
Signal  processing,  Control  systems,  Reprints, 
'Intelligent  processing. 

Advanced  materials  are  capable  of  providing  outstand- 
ing or  specialized  properties,  or  combinations  of  prop- 
erties, that  cannot  be  obtained  in  conventional  mate- 
rials. These  unique  properties  are  the  result  of  the  so- 
phisticated microstructure  that  is  designed  and  built 
into  the  materials.  However,  advanced  materials  gen- 
erally require  unusual  and  difficult  to  control  processing 
operations  in  order  to  achieve  their  unique 
microstructures.  A  promising  direction  towards  over- 
coming these  difficulties  involves  intelligent  processing 
of  materials.  This  approach  controls  the  microstructure 
in  contrast  to  conventional  materials  processing  where 
process  variables  such  as  temperature  and  pressure 
are  automatically  controlled  to  preselected  values.  In 
an  intelligent  processing  system  advanced  non- 
destructive evaluation  (NDE)  sensors  are  utilized  to 
characterize  the  evolution  microstructure  of  the  mate- 
rial in  real  time.  Moreover,  these  data  and  data  from 
conventional  process  variable  sensors  are  transmitted 
to  a  computerized  decision-making  system.  This  com- 
puter system  transmits  control  signals  based  on  the 
sensor  data,  a  process  model,  and  process  data. 
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Representations  of  manufacturing  process  capabilities 
are  essential  for  the  integration  of  manufacturing  appli- 
cations as  well  as  the  dynamic  management  of  factory 
data.  The  survey  presents  methodologies  for  describ- 
ing and  using  such  information  within  the  domain  of 
discrete  parts  manufacturing.  Current  practices  in  in- 
dustry are  identified.  Standards  and  research  efforts 
related  to  representing  manufacturing  process  capa- 
bilities also  are  described.  Finally,  a  course  of  action 
for  advancing  current  practices  is  presented. 
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This  report  represents  a  compilation  of  body  dimen- 
sions that  are  used  in  the  manufacturing  and  fitting  of 
apparel.  It  is  the  result  of  a  comparison  of  five  body 
measurements  reports,  including  documentations  of 
national  and  international  apparel  sizing  standards. 
The  information  in  this  report  will  provide  the  basis  for 
the  development  of  the  information  model  of  made-to- 
measure  pattern  making.  It  will  also  contribute  to  the 
conducting  of  future  body  measurements  surveys  and 
the  development  of  new  or  improved  sizing  standards 
for  apparel. 
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NIST  RS274/NGC  Interpreter  Version  1. 
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94,  32p,  NISTIR-5416. 
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An  interpreter  has  been  written  which  reads  numerical 
control  code  and  produces  calls  to  a  set  of  canonical 
machining  functions.  The  output  of  the  interpreter  can 
be  used  to  drive  a  3-axis  machining  center.  This  report 
describes  version  1  of  the  interpreter. 
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Keywords:  'Computer  aided  manufacturing,  'Control 
systems,  "Interfaces,  "Specifications,  Integrated  sys- 
tems, Hierarchies,  Production  planning,  Models,  Pro- 
duction control,  NIST(National  Institute  of  Standards 
and  Technology),  MSI(Manufacturing  Systems  Inte- 
gration), Job  control. 

This  document  is  concerned  with  defining  the  details 
of  the  interfaces  for  control  entities  which  are  incor- 
porated into  an  integrated  system  that  conforms  to  the 
National  Institute  of  Standards  and  Technology  (NIST) 
Manufacturing  Systems  Integration  (MSI)  architectural 
model  as  revised  in  1992.  The  purpose  of  this  docu- 
ment is  twofold:  to  document  the  progress  and  current 
status  of  the  MSI  architecture's  control  entity  interfaces 
and  to  provide  designers  and  implementors  with  speci- 
fications for  an  MSI  architectural  compliant  control  en- 
tity. Section  2  provides  an  overview  of  the  MSI  project. 
Section  3  discusses  production  plans  in  the  context  of 
the  interaction  between  planners  and  job  controllers. 
Section  4  discusses  generic  data  objects  which  are 
common  to  several  of  the  5  control  entity  interfaces. 
Sections  5-9  detail  the  5  different  control  entity  inter- 
faces: the  planning  interface,  the  job  control  interface, 
the  planning-to-job-control  interface,  the  guardian 
planning  interface  and  the  guardian  job  control  inter- 
face. Section  10  gives  an  example  scenario  of  how  the 
different  messages  from  the  5  Interfaces  work  to- 
gether. 


02,816 

PB94-194552       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD.  Factory  Automation  Systems  Div. 

Visualization  Applications  for  Manufacturing:  A 

State-of-the-Art  Survey.  Final  Report. 

H.  T.  Moncarz.  May  94,  35p,  NISTIR-5427. 

Keywords:  'Computer  aided  manufacturing, 
"Computer  graphics,  "Technology  assessment, 
"Scientific  visualization,  Standards,  Production  engi- 
neering, Computerized  simulation,  Data  transmission, 
Algorithms,  Software  tools,  State  of  the  art,  Surveys, 
Product  development,  "Rapid  response  manufactur- 
ing. 

A  state-of-the-art  (SOTA)  survey  was  performed  for 
visualization  software  applications  (VAs)  in  the  context 
of  a  rapid  response  manufacturing  (RRM)  environ- 
ment. VAs  are  standalone,  commercially-available 
products,  that  have  sophisticated  capabilities  for 
interactively  visualizing  data.  The  data  includes  geom- 
etry, image,  and  scientific  data.  VAs'  capabilities  to  vis- 
ualize data  can  be  advantageously  applied  to  manu- 
facturing if  VAs  are  integrated  within  RRM.  In  general, 
integration  enables  any  RRM  process  to  access  data 
from  other  RRM  processes  in  the  product  life  cycle. 
However,  having  access  to  data  isn't  necessarily  use- 
ful if  it  is  too  overwhelming  for  a  human  to  use  it.  VAs 
offer  the  potential  for  users  to  cognitively  integrate  the 
data  from  multiple  RRM  processes  to  make  sense  of 
it  and  to  intelligently  use  it.  This  SOTA  describes  the 
capabilities  of  VAs  and  methods  for  integrating  them 
within  RRM  to  ultimately  enable  the  full  potential  of  VAs 
to  be  realized. 
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The  Transition  Manager  is  one  of  several  managers 
which  are  responsible  for  providing  functionality  to  the 
cell  controller  in  the  Automated  Manufacturing  Re- 
search Facility  (AMRF)  at  the  National  Institute  of 
Standards  and  Technology.  The  cell  controller  imple- 
mentation of  the  Transition  Manager  is  based  on  a 
model  developed  at  the  University  of  Virginia  (UVA). 
This  model  provides  identical  functionality  at  each  level 
of  the  AMRF  control  hierarchy.  The  paper  outlines  the 
changes  and  additions  which  were  needed  in  order  to 
integrate  the  Transition  Manager  into  the  AMRF  cell 
controller.  An  extension  to  the  model  is  also  proposed 
to  allow  more  flexibility  in  the  automated  remote  control 
capabilities.  The  extension  to  the  UVA  model  will  allow 
the  cell  controller  the  flexibility  of  controlling  resources 
and  then  releasing  the  resource  when  finished. 
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The  cost  of  developing  software  for  the  factory  is  con- 
tinuing to  increase  due  in  part  to  the  problems  of  inte- 
grating equipment  and  controllers  from  multiple  ven- 
dors. A  consistent  philosophy  is  needed  for  designing 
reusable  code  for  integrating  manufacturing  control 
systems.  Development  of  a  'generic  controller'  will  min- 
imize the  problem  of  redundant  software.  An  outline  of 
a  generic  controller  architecture  is  discussed  and  key 
concepts  are  identified.  A  generic  controller  is  under 
development  at  the  Automated  Manufacturing  Re- 
search Facility  at  the  National  Institute  of  Standards 
and  Technology.  The  implementation  is  outlined  and 
future  work  identified. 
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Keywords:  "Computer  aided  manufacturing, 
"Integrated  systems,  "Standards,  Data 
transfer(Computers),  Interfaces,  Computer  aided  de- 
sign, Product  development,  Prototypes,  Specifications, 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  has  established  an  Advanced  Manufacturing 
System  and  Networking  Testbed  (AMSANT)  which 
supports  research  and  development  (R&D)  in  high-per- 
formance manufacturing  systems  and  testing  high-per- 
formance computer  and  networking  hardware  and  soft- 
ware in  a  manufacturing  environment.  A  standards- 
based  data  exchange  effort  for  computer  integrated 
manufacturing  will  focus  on  improving  data  exchange 
among  computer  aided  design,  process  and  manufac- 
turing activities.  This  new  program,  Systems  Integra- 
tion for  Manufacturing  Applications  (SIMA),  is  part  of 
the  government's  High  Performance  Computing  and 
Communications  Initiative.  Applications  may  include 
enterprise  integration  for  manufacturing  applications, 
integrated  product/process  design,  simulation  and 
agile  manufacturing.  Prototype  systems,  and  interface 
specifications  will  be  communicated  to  appropriate 
standards  organizations.  The  report  describes  the  ob- 
jectives of  the  program  and  highlights  the  projects  to 
be  initiated  in  FY94  and  proposed  for  FY95. 
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The  Manufacturing  Engineering  Laboratory  (MEL)  at 
the  National  Institute  of  Standards  and  Technology 
(NIST)  has  been  conducting  research  on  control  of  me- 
chanical systems  for  more  than  sixteen  years.  The 
Robot  Systems  Division  and  Factory  Automation  Sys- 
tems Division  have  been  working  jointly  for  over  a  year 
to  develop  a  reference  architecture  for  computer  inte- 
grated control  of  mechanical  systems,  drawing  on  the 
best  of  past  work  in  both  divisions.  The  architecture 
is  not  yet  complete,  and  work  on  the  architecture  is 
continuing.  This  report  describes  the  architecture  in  its 
current,  incomplete  state.  The  architecture  is  a  hier- 
archical control  architecture  aimed  at  the  domain  of 
discrete  parts  manufacturing,  including  considerations 
of  data  systems,  communications  systems,  planning, 
resource  allocation,  real-time  control,  and  error  recov- 
ery. 
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The  purpose  of  this  paper  is  to  outline  some  ways 
Grafcet  is  being  used  to  help  design  generic  controllers 
within  the  Automated  Manufacturing  Research  Facility. 
Grafcet  is  a  powerful  graphical  language  for  express- 
ing control  flow  and  allows  the  expression  of  both  par- 
allel and  sequential  control  logic.  The  paper  describes 
the  rationale  for  using  Grafcet  as  a  design  tool  for  ex- 
pressing software  for  a  generic  controller.  Grafcet 
helps  the  designer  determine:  modularization  of  the 
code,  functions  that  can  be  performed  in  parallel,  com- 
munication flow,  and  problems  in  control  flow. 
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Automation  of  just-in-time,  small-lot,  mixed-batch  man- 
ufacturing at  the  workcell  level  is  a  topic  of  interest  in 
Flexible  Manufacturing  Systems  (FMS)  research 
today.  The  control  processes  involved  in  producing  dif- 
ferent parts  in  small  batches  can  be  very  complex.  This 
paper  describes  a  method  of  generating  the  process 
plan  in  real  time  based  on  part  manufacturing  attributes 
and  execution  of  the  plan  by  a  three-level  hierarchical 
controller.  This  method  is  currently  implemented  in  the 
workstation  controller  for  the  Mare  Island  Flexible  Man- 
ufacturing Workstation  (MIFMW),  a  small-batch 
workcell  designed  for  just-in-time,  untended  operation. 
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The  Supersonic  inert  Gas  Metal  Atomization  (SiGMA) 
technique  produces  ultra-fine  (<  45  micrometer  median 
particle  diameter),  rapidly  solidified  metal  powder  via 
high  energy  gas  atomization.  Research  at  the  National 
Institute  of  Standards  and  Technology  (NIST,  formerly 
NBS)  on  SiGMA  has  focused  on  providing  this  system 
the  ability  to  monitor  and  control  particle  size  during 
atomization.  The  process  controller  currently  under  de- 
velopment for  SiGMA  includes  a  novel  real-time  par- 
ticle size  measurement  sensor  (incorporating  an 
adaptive  pattern  recognition  scheme)  into  a  multiple 
level  I/O  command  interface.  The  modular  nature  of 
both  the  hardware  and  software  design  will  be  adapt- 
able to  other  particulate  producing  equipment.  Gas  and 
liquid  flow  imaging,  gas  flow  modeling,  real-time  par- 
ticle size  measurement  and  process  control  will  be  dis- 
cussed. 
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Research  at  the  National  Institute  of  Standards  and 
Technology  (NIST,  formerly  NBS)  on  gas  atomization 
has  focused  on  providing  this  process  the  ability  to 
monitor  and  control  particle  size  during  atomization. 
Studies  included  gas  and  liquid  flow  imaging,  gas  flow 
modeling,  real-time  particle  size  measurement  and 
process  control.  The  process  controller  incorporates  a 
multi-level  expert  system  shell  and  a  novel  real-time 
particle  size  measurement  sensor  (incorporating  an 
adaptive  pattern  recognition  scheme).  The  modular  na- 
ture of  both  the  hardware  and  software  design  is  adapt- 
able to  other  particulate  producing  equipment. 
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The  Intelligent  Systems  Division  (ISD)  of  the  Manufac- 
turing Engineering  Laboratory  (MEL)  at  the  National  In- 
stitute of  Standards  and  Technology  (NIST)  is  commit- 
ted to  the  standardization  of  protocols  for  the  applica- 
tion of  information  and  interface  technology  for  the  vir- 
tual and  distributed  manufacturing  of  discrete  parts.  As 
part  of  this  effort,  ISD  is  developing  an  initiative  in 
human  interfaces  in  manufacturing,  emphasizing  the 
integration  of  human  factors,  virtual  reality,  and  manu- 
facturing systems  technologies.  A  one-day  workshop, 
was  held  on  9  August  1994  to  examine  the  application 
of  information  and  interface  technology  for  the  virtual 
and  distributed  manufacturing  of  discrete  parts.  The 
purpose  of  this  report  is  to  document  the  workshop. 


including  presentations,  participant  discussions,  and 
the  results  of  working  group  deliberations. 
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Data  collected  by  process  information  and  control  sys- 
tems are  almost  always  correlated  due  to  process  dy- 
namics combined  with  short  sampling  times.  The  tradi- 
tional time  series  approach  for  dealing  with 
autocorrelated  data  has  been  to  model  the 
autocorrelation.  This  modeling  effort  is  substantially 
more  difficult  than  simply  treating  the  time  series  as 
a  sequence  of  independent  data.  In  this  article,  we  de- 
velop and  demonstrate  a  methodology  that  yields  in- 
sight into  the  error  introduced  by  not  modeling  the 
autocorrelation  of  the  process  data  when  performing 
material  balances  around  process  equipment.  This 
work  shows  that  in  many  cases  data  analysis  (e.g., 
gross-error  detection)  can  be  done  using  the  simplified 
models. 
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The  report  summarizes  the  current  state-of-the-art  of 
simulation  in  Japan,  and  provides  some  insight  into  the 
future  directions  the  Japanese  are  likely  to  pursue.  It 
is  divided  into  three  parts.  In  part  one,  the  authors  pro- 
vide a  translation  of  a  paper  that  was  published  in  Jour- 
nal of  the  Operations  Research  Society  of  Japan  by 
Shigeki  Umeda  and  Susumu  Morito.  In  part  two,  they 
provide  a  copy  of  the  paper  by  Shigeki  Umeda  which 
is  contained  in  the  proceedings  of  the  recently  held 
conference  on  New  Directions  in  Simulation  for  Manu- 
facturing and  Communications.  These  authors  have 
graciously  agreed  to  allow  their  papers  to  be  included 
in  the  report.  In  part  three,  the  authors  provide  com- 
ments from  five  US  researchers  who  attended  the  con- 
ference on  New  Directions  in  Simulation  for  Manufac- 
turing and  Communications. 
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The  National  Advanced  Manufacturing  Testbed 
(NAMT)  Program  provides  a  collaborative  context  for 
helping  U.S.  manufacturers  achieve  a  competitive  ad- 
vantage. It  is  a  national  industry-government  teaming 
program  designed  to  leverage  private  sector  and  fed- 
eral investments,  expertise  and  facilities  to  accelerate 
the  development  and  implementation  of  technologies 
for  distributed  and  virtual  manufacturing  (DVM).  The 
objective  of  the  NAMT  program  is  to  establish  and  op- 
erate a  distributed,  multinode,  multi-project  testbed 
among  industry,  government  agencies  and  univer- 
sities. This  testbed  will  facilitate  coordination  between 
individual  projects  and  development  and  demonstra- 
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tion  of  industry-defined  scenarios  which  advance  DVM 
technologies  to  support  integration  and  interoperability 
among  suppliers,  vendors  and  manufacturers. 
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The  commerciaiization  and  integration  of  emerging 
technologies  for  custom  therapeutic  footwear  (CTF) 
manufacturing  will  provide  economic  and  health-care 
benefits  to  the  nation  and  will  improve  responsiveness 
to  consumer  desires.  Using  STEP  Application  Proto- 
cols (APs),  complex  product  information  can  be  unam- 
biguously transferred  throughout  the  virtual  and  distrib- 
uted, multi-enterprise  marketplace  that  is  anticipated 
for  the  future  CTF  industry.  In  that  marketplace,  infor- 
mation representing  foot  shapes,  shoe  lasts  (forms  for 
footwear  manufacturing),  orthopedic  insets,  and  the 
patterns  that  comprise  the  footwear  pieces  must  be 
transferred  among  different  organizations.  This  paper 
will  describe  that  marketplace,  and  type  of  STEP  APs 
required,  and  possible  business  scenarios. 
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The  Manufacturing  Systems  Integration  (MSI)  project 
at  the  National  Institute  of  Standards  and  Technolgy 
is  developing  a  system  architecture  that  incorporates 
an  integrated  production  planning  and  control  environ- 
ment. This  paper  presents  the  production  management 
information  model  within  the  MSI  project.  The  main 
focus  of  the  model  is  to  identify  and  characterize  the 
relationships  between  orders  and  workpieces,  to  iden- 
tify the  information  necessary  to  achieve  workpieces, 
to  identify  the  information  necessary  to  achieve 
workpiece  tracking  and  to  identify  the  information  nec- 
essary to  achieve  resource  requirements  specifica- 
tions tor  process  plans. 
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The  report-which  documents  the  findings  of  a  back- 
ground study  of  industry  needs  in  the  area  of  manufac- 


turing systems  integration-defines  the  initial  MSE 
project  focus  in  detail  and  sets  the  technical  direction 
for  project  efforts.  The  report  also  describes  the  prin- 
cipal types  of  product  realization  software  applications 
now  in  use,  reviews  efforts  within  manufacturing  indus- 
try towards  developing  integration  solutions,  discusses 
relevant  research  trends  in  the  field  of  product  realiza- 
tion, and  surveys  standards  which  may  be  applicable 
to  the  work  of  the  MSE  project.  A  brief  review  is  also 
given  of  some  potentially  relevant  supporting  tech- 
nologies from  the  realm  of  information  technology. 
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This  technology  transfer  reports  on  the  first  year  of  a 
joint  project  between  the  National  Institute  of  Stand- 
ards and  Technology  (NIST)  and  SEMATECH.  It  in- 
cludes a  roadmap  for  promoting  adoption  of  the 
SEMATECH  Computer  Integrated  Manufacturing 
(CIM)  Framework  as  an  industry  standard.  The  CIM 
Framework  is  an  object-oriented  software  infrastruc- 
ture that  creates  a  common  environment  for  integrating 
applications  and  sharing  information  in  production  en- 
vironments. The  roadmap  consists  of  the  following 
stages:  specifications;  consensus;  standardization; 
and  testing/certification.  Each  stage  is  described  in  de- 
tail in  the  document. 
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A  computer-aided  Manufacturing  Engineering  Toolkit 
(METK)  prototype  is  currently  under  development  at 
the  National  Institute  of  Standards  and  Technology 
(NIST).  The  toolkit  is  being  used  to  identify  the  integra- 
tion standards  and  issues  which  must  be  addressed 
to  implement  plug-compatible  environments  in  the  fu- 
ture. The  toolkit  consists  of  commercial-off-the-shelf 
(COTS)  manufacturing  software  applications  housed 
together  on  a  high  speed  computer  workstation.  The 
purpose  of  the  CAME  project  at  NIST  is  to  provide  an 
integrated  framework,  operating  environment,  com- 
mon databases,  and  interface  standards  for  manufac- 
turing engineering  software  applications.  This  paper 
describes  an  initial  METK  prototype. 
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Although  many  software  tools  are  currently  available 
for  manufacturing  engineers,  they  do  not  work  together 
and  cannot  be  readily  integrated.  This  lack  of  integra- 
tion significantly  diminishes  the  productivity  of  manu- 
facturing engineers,  reduces  the  quality  of  their  work, 
and  increases  the  time  it  takes  to  plan  the  production 
of  a  part.  The  Manufacturing  Engineering  Tool  Kit 
project  is  attempting  to  develop  an  integrated  tool  kit. 
This  tool  kit  will  be  used  to  generate  a  process  plan 
for  production  and  to  validate  the  engineering  data 
package  and  process  plan  prior  to  release  to  produc- 
tion. The  application  software  tools  are  based  on  com- 
mercially available  off-the  shelf  products.  This  paper 
describes  the  validation  requirements  for  the  engineer- 
ing data  package  and  the  categories  and  types  of  data 
errors  compiled  from  a  need  analysis  from  the  industry 
end  users. 
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The  NIST  'RS274KT  interpreter"  is  a  software  system 
which  reads  numerical  control  code  in  the  'KT  dialect 
of  the  RS274  numerical  control  language  and  pro- 
duces calls  to  a  set  of  canonical  machining  functions. 
The  output  of  the  interpreter  can  be  used  to  drive  a 
Kearney  and  Trecker  800  4-axis  machining  center.  The 
report  describes  the  RS274KT  interpreter. 
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The  purpose  of  the  document  is  to  identify  and  docu- 
ment key  requirements,  industry  practices,  and  re- 
search questions  which  should  drive  new  methods  and 
computer  tools  for  process  modeling  of  product  realiza- 
tion. It  addresses  a  wide  range  of  industry-relevant 
modeling  issues  to  help  focus  discussion  on  future  re- 
search directions  and  its  intended  audience  are  model- 
ing researchers  and  practitioners  in  industry,  univer- 
sities, and  other  federal  agencies.  Although  process 
modeling  methods  have  been  applied  to  many  types 
of  development  efforts  (e.g.,  software  engineering,  VL- 
SI), our  sole  focus  in  the  report  is  realization  of  discrete 
electro-mechanical  products. 
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Evaluating  manufacturing  capability  and  monitoring 
any  decrease  in  performance  of  CNC  machines  may 
provide  some  trends  of  manufacturing  process  vari- 
ables which  can  be  used  for  estimating  better  control 
over  the  manufacturing  process.  This  in  turn  could  lead 
to  improved  quality  and  a  reduction  in  manufacturing 
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lead  time.  A  performance  standard  for  CNC  machining 
centers  and  a  draft  standard  for  turning  centers  provide 
methods  for  evaluating  performance  of  machines  com- 
parative analysis  as  well  as  ongoing  assessment  of 
machine  tool  performance. 
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The  Manufacturing  Systems  Integration  Divison 
(MSID)  hosted  a  workshop  November  14-16,  1994,  on 
Systems  Integrations  for  Manufacturing  Application 
(SIMA).  The  workshop  was  held  at  the  Defense  Sys- 
tems Mangement  College  (DSMC)  in  Fort  Belvoir,  Vir- 
ginia. A  total  of  27  people  participated  in  the  workshop 
including  representatives  from  industry,  industry  con- 
sortia, other  government  manufacturing  programs,  and 
the  Natioanl  Institute  of  Standards  and  Technology 
(NIST).  The  focus  of  the  workshop  was  to  identify  criti- 
cal problems  and  actions  that  can  be  taken  to  solve 
these  problems  in  the  context  of  advancing  information 
technology  for  manufacturing  systems  and  improving 
the  effectiveness  of  related  programs.  This  document 
contains  diagrams  that  illustrate  relationships  between 
problems  and  actions  related  to  removing  barriers  to 
manufacturing  systems  integration.  In  addition,  it  con- 
tains a  description  of  the  Interactive  Management  proc- 
ess that  was  used  to  facilitate  the  NIST  SIMA  work- 
shop at  Fort  Belvoir,  Virginia. 
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The  Quality  in  Automation  (QIA)  program  is  described 
at  the  Manufacturing  Engineering  Laboratory  of  the 
National  Institute  of  Standards  and  Technology  (NIST). 
The  purpose  of  the  QIA  program  is  to  develop  a  quality 
control  and  quality  assurance  system  that  exploits  de- 
terministic metrology  principles  in  an  automated  manu- 
facturing environment,  producing  small  batches  with 
commercially  available  and  affordable  equipment.  This 
'deterministic  manufacturing'  is  based  on  the  premise 
that  most  errors  occuring  in  the  manufacturing  process 
are  repeatable,  thus  predictable.  The  QIA  program 
combines  statistical  process  control  methods  with  on- 
machine  sensing  and  gauging,  real-time  error  com- 
pensation and  distributed  processing  to  produce  parts 
of  consistently  high  quality. 
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Computerized  control  systems,  Real  time  systems,  In- 
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A  new  quality  control  strategy  is  being  developed  at 
the  Manufacturing  Engineering  Laboratory  of  the  Na- 
tional Institute  of  Standards  and  Technology  (NIST) 
with  a  project  called  Quality  In  Automation  (QIA).  The 
objective  of  this  strategy  is  to  demonstrate  that  the  like- 
lihood of  producing  defective  parts  can  be  dramatically 
reduced  through  better  control  of  the  manufacturing 
process.  The  QIA  project  is  an  effort  to  develop  and 
implement  a  real-time,  on-line  quality  control/quality 
assurance  system  to  improve  the  quality  of  the  parts 
produced  in  a  small-batch,  automated  manufacturing 
environment  using  commercially  available  and  afford- 
able equipment.  In  order  to  obtain  high-quality  parts 
consistently,  we  are  building  a  three-layered  control 
strategy  around  the  metal  cutting  process.  These  three 
control  layers  are:  real-time,  process-intermittent,  and 
post-process. 
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A  key  issue  of  integrating  process  planning  systems 
with  design  systems  and  production  planning  systems 
is  how  to  overcome  barriers  in  data  exchange  and 
sharing  amongst  software  systems.  A  machining  proc- 
ess planning  activity  model  was  developed  at  NIST  to 
address  some  of  the  barriers.  The  model  represents 
functional  components  and  data  requirements  in  proc- 
ess planning  systems.  The  purpose  of  the  model  is  to 
create  the  context  in  which  data  requirements  and  data 
flow  for  NC  machining  process  planning  are  defined. 
The  model  was  developed  as  a  unification  of  many  pre- 
viously developed  process  planning  activity  models. 
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This  report  documents  software,  called  PIECS,  that 
performs  process-intermittent  error  compensation  for  a 
turning  center.  The  program  is  a  part  of  a  larger  three 
loop  control  architecture  that  includes  a  real-time  geo- 
metric-thermal error  compensation,  loop  and  a  post- 
process  loop.  In  process-intermittent  error  compensa- 
tion, a  part  is  measured  by  on-machine  gauging  after 
a  semifinish  cut  which  uses  the  same  cutting  param- 
eters (speed,  feed,  and  depth  of  cut)  as  are  used  in 
the  finish  cut,  to  reproduce  process-dependent  errors 
such  as  cutting-force  induced  tool  or  part  deflection. 
During  gauging  a  touch-trigger  probe  signal  indicates 
that  the  part  surface  has  been  contacted.  The  coordi- 
nates of  the  points  are  then  transformed  to  the  part  co- 
ordinate system  and  compared  to  the  corresponding 
nominal  coordinates  so  that  errors  may  be  determined. 
The  error  vector  is  defined  as  having  its  head  at  the 
measured  coordinates  of  the  gauged  point  and  its  tail 
at  the  nominal  coordinate  for  that  point.  Since  the  phi- 
losophy chosen  in  this  program  is  to  compensate  proc- 
ess-intermittent errors  by  changing  the  position  and 
orientation  of  features,  least  squares  curve  fitting 
through  the  ends  of  the  error  vectors  is  used  to  deter- 
mine the  adjusted  tool  curve.  The  compensation  curve 
becomes  the  tool  path  for  the  corresponding  feature 
for  the  finish  cut.  The  report  includes  a  description  of 
the  program  algorithm,  the  input  and  output  data  sets 
as  well  as  descriptions  of  each  of  the  C-programming 
language  functions  that  compose  PIECS.  A  listing  of 
the  program  is  included  in  the  appendix. 
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The  AutoSTEP  Pilot  Project,  directed  by  the  Auto- 
motive Industry  Action  Group  (AIAG),  is  an  effort 
whose  goal  is  to  promote  the  use  of  STEP  (STandard 
for  the  Exchange  of  Product  model  data)  as  a  neutral 
mechanism  for  product  data  exchange  within  the  auto- 
motive industry.  To  explore  and  demonstrate  the  capa- 
bilities of  STEP,  AutoSTEP  organized  a  number  of 
trading  pairs  to  exchange  product  model  data  rep- 
resented in  STEP  Application  Protocol  203,  configura- 
tion controlled  design  conformance  class  six,  or  data 
represented  with  advanced  boundary  representation 
(b-rep).  Model  data  would  be  transferred  from  one 
company's  CAD  system  to  its  partner  company's  sys- 
tem via  STEP.  AutoSTEP  Phase  One  organized  pairs 
of  automotive  companies  and  their  first-tier  suppliers, 
and  involved  exchanges  relating  to  packaging  applica- 
tions. Later  phases  will  include  exchanges  of  product 
model  data  relating  to  other  applications,  and  will  ex- 
tend the  information  exchange  further  down  the  supply 
chain.  Exchange  results  are  logged  in  a  database,  and 
reports  assessing  the  results  will  be  produced.  This 
document  provides  a  complete  description  of  the  prod- 
uct model  data  exchange  scenario  envisioned  for 
transactions  using  STEP,  both  in  general  and  in  the 
context  of  the  AutoSTEP  Pilot.  It  outlines  the  entire 
process  that  model  data  undergoes  in  STEP  ex- 
changes, and  it  identifies  the  significant  metrics 
throughout  the  process.  It  also  provides  forms  and  ta- 
bles for  the  benefit  of  the  AutoSTEP  participants  to  as- 
sist them  in  performing  exchanges  and  logging 
metrics. 
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The  Systems  Integration  for  Manufacturing  Applica- 
tions (SIMA)  Program  is  NIST's  coordinating  focus  for 
manufacturing  activities  supporting  the  High  Perform- 
ance Computing  and  Communications/Information  In- 
frastructure Technology  and  Applications  initiative.  The 
document  summarizes  the  organizational  structure  of 
the  program,  provides  descriptions  of  the  technical 
projects  comprising  the  program,  and  highlights  ac- 
complishments for  those  projects  for  FY94  and  FY95. 
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The  paper  reports  results  of  the  Computer-Aided  Man- 
ufacturing Engineering  (CAME)  Forum  Second  Tech- 
nical Meetings  held  in  August  1995.  This  meeting  built 
on  work  completed  since  the  first  technical  meeting 
held  in  March  1 995.  The  meeting  brought  together  soft- 
ware developers,  manufacturing  technology  managers 
and  engineers,  and  university  researchers  to  address 
important  issues  related  to  developing  a  Manufacturing 
Engineering  Tool  Kit  (METK).  The  meeting  was  orga- 
nized around  three  major  segments.  During  the  first 
segment,  NIST  computer  scientists  and  engineers  up- 
dated participants  on  the  status  of  ongoing  METK  de- 
velopment work.  Presentations  were  given  on  issues 
regarding  the  manufacturing  data  validation  methodol- 
ogy, business  case  and  implementation  plan,  and  sys- 
tem architecture  and  tools  integration.  An  overview 
was  given  on  the  Systems  Integration  for  Manufactur- 
ing Applications  (SIMA)  Production  System  Engineer- 
ing project.  The  METK  baseline  pilot  system  was  dem- 
onstrated to  the  Forum  attendees.  The  second  seg- 
ment used  breakout  groups  to  solicit  ideas  and  feed- 
back from  meeting  attendees  on  the  issues  discussed 
in  the  presentation  topics.  In  the  third  segment,  break- 
out groups  prepared  outbriefs  and  presented  results  to 
all  meeting  participants. 
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The  paper  describes  a  software  design  for  implement- 
ing compensation  of  errors  detected  by  process-inter- 
mittent gauging.  This  is  the  function  of  one  control  loop 
in  the  three-loop  Quality  In  Automation  (QIA)  architec- 
ture that  is  under  development  at  the  National  Institute 
of  Stadards  and  Technology  (NIST)  (Donmez,  1992). 
Process-intermittent  error  compensation  is  useful  for 
improving  the  accuracy  of  metal  cutting  processes  on 
turning  or  machining  centers  (Brandy,  1991).  During 
machining  processes,  errors  due  to  tool  wear,  tool  de- 
flection, part  deflection,  etc.,  are  independent  of  the  ac- 
curacy of  the  machine  tool  itself,  and  can,  therefore, 
be  measured  using  the  machine  tool.  The  approach 
discussed  here  is  to  reduce  those  process  errors.  The 
term  process-intermittent  refers  to  inspection  occurring 
during  an  interval  between  the  semifinish  and  finish 
machining  processes.  Although  in-process  measure- 
ment techniques  may  allow  uninterrupted  machining 
(Fan,  1991),  process  intermittent  inspection  has  ad- 
vantages. For  instance,  a  simple  measurement  device 
such  as  a  tough-trigger  probe  may  be  used  instead  of 
the  more  intrusive  apparatus  required  for  measure- 
ment during  active  machining.  Also,  since  a  complete 
profile  of  the  error  pattern  may  be  obtained  in  advance 
of  finish  machining,  computational  filters  may  be  ap- 
plied to  the  compensating  tool  path  to  minimize  the  ef- 
fects of  measurement  irregularities. 
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Strategies  for  managing  data  flow  are  described  for  a 
system  which  controls  processes  to  compensate  ma- 
chine tool  and  process  errors.  A  CAD  representation 
of  the  part  is  the  basis  for  generating  the  data  used 
in  the  processes  and  analyses.  A  process-oriented 
view  of  part  features  is  used  for  tracking  data  regarding 
design,  part  programming,  manufacture,  error  com- 
pensation, and  inspection.  Part  ID  and  file  name  no- 
menclature have  been  developed  to  facilitate  data 
identification.  All  data  are  stored  in  a  database,  ena- 
bling error  trends  over  time  to  be  studied  so  that  error 
compensation  algorithms  may  be  refined. 
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Low-frequency  tracking  errors  of  thermal  voltage  con- 
verters are  described  and  estimated  using  circuit  mod- 
els. A  digitally  synthesized  source  is  used  to  confirm 
ac-dc  differences  in  the  0.001  Hz  to  40  Hz  range. 
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This  is  the  final  report  for  the  second  year  of  a  joint 
project  between  the  National  Institue  of  Standards  and 
Technology  (NIST)  and  SEMATECH.  It  presents  the 
results  from  investigation  in  two  areas  that  were  pro- 
posed in  the  first  year  report:  conformance  testing  and 
specification  management.  In  conformance  testing,  a 
number  of  technologies  are  reviewed  with  special  em- 
phasis on  using  Java  and  Corba  to  develop  a  conform- 
ance testing  environment.  For  specification  manage- 
ment, technologies  were  reviewed  for  ways  to  use  a 
single  format  with  multiple  uses  and  multiple  distribu- 
tion formats.  This  task  looked  at  pragmatic  solutions 
to  the  problem  of  maintaining  complex  documents  with 
multiple  uses  through  combinations  of  radily  available 
software. 
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A  wide  range  of  applications  deal  with  the  manipulation 
and  expression  of  collections  of  activities.  Examples  in- 
clude project  management,  workflow  management, 
business  process  reengineering,  product  realization 
process    modeling,    process   planning,  production 


scheduling,  simulation,  and  Computer  Aided  Software 
Engineering,  each  of  which  is  supported  by  some  com- 
bination of  graphical  programming  and  control  lan- 
guages, Petri  nets,  PERT  charts  or  other  representa- 
tion methodology.  Each  of  these  applications  serves 
a  specific  audience  and  need,  and  focuses  on  particu- 
lar aspects  of  a  process.  Nevertheless,  much  could  be 
gained  by  sharing  information  among  applications. 
One  of  the  primary  obstacles  to  such  integration  is  the 
lack  of  any  common  representation  of  what  is  really 
the  common  underlying  concept  of  process.  The  objec- 
tive of  the  work  described  here  is  an  investigation  of 
the  feasibility  of  a  unifying  specification  of  process 
which  is  applicable  to  all  of  the  above  applications,  yet 
powerful  and  robust  enough  to  meet  each  set  of  re- 
quirements. The  document  represents  the  results  of 
the  first  phase  of  the  work  -  that  of  researching  the 
process  representational  requirements  for  design/ 
manufacturing  process  life-cycle  applications.  These 
requirements  are  categorized  into  four  categories; 
core,  outer  core,  plug-ins,  and  application,  which  aided 
in  describing  the  role  of  the  requirements  in  the  overall 
challenge  of  process  representation. 
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The  purpose  of  this  Monograph  is  to  survey  the  exist- 
ing software  applicable  to  the  manufacturing  enter- 
prises, to  identify  the  gaps  and  the  opportunities  for 
software  developers  to  close  these  gaps.  Information 
technology  is  constantly  growing  and  adapting.  This 
Monograph  proposes  directions  for  this  growth  and  is 
a  snapshot  of  current  conditions,  to  be  used  as  a  start- 
ing guide. 
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The  report  summarizes  the  factors  that  affect  weld 
metal  strength  and  toughness  for  cryogenic  service.  It 
provides  advice  on  how  to  produce  welds  that  match 
the  properties  of  the  wrought  structural  material. 
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The  water  mist  fire  suppression  workshop  was  orga- 
nized to  facilitate  the  commercialization  of  water  mist 
technology.  The  imminent  lack  of  availability  of  halon 
fire  suppressants  has  sparked  worldwide  efforts  in  de- 
veloping other  fire  fighting  agents.  Water  mist  systems 
are  potential  replacements  in  many  industrial  uses,  as 
well  as  in  new  markets,  such  as  commercial  passenger 
aircraft.  Speakers  presented  state-of-the-art  papers  on 
the  incentives  of  using  misting  sprays,  the  advances 
in  spray  drop  size  measurement  and  the  engineering 
criteria  for  water  mist  fire  suppression  systems.  Three 
papers  discussed  projects  demonstrating  the  use  of 
water  mist  systems  in  aircraft,  marine,  and  tele- 
communications applications.  The  speakers  and 
attendees  were  divided  into  three  panels:  Research 
Needs;  End-Use  Criteria;  Marketing.  The  proceedings 
brings  together  the  recommendations  of  each  panel 
and  the  individual  technical  papers. 
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Commission  V  on  Quality  Control  and  Quality  Assur- 
ance of  Welded  Products  handles  inspection  and  qual- 
ity issues  for  the  International  Institute  of  Welding.  The 
activities  of  this  commission  are  important  to  the  non- 
destructive evaluation  industry  because  the  annual 
meetings  serve  as  an  international  review  of  research 
activities  and  many  of  its  draft  standards  are  forward 
to  the  International  Organization  for  Standards  (ISO) 
for  international  approval.  Thus,  this  summary  of  the 
meeting  provides  an  up-to-date  review  of  research  in 
other  countries  and  advance  notice  of  standardization 
activities.  This  commission  has  activities  in  many 
areas,  with  subcommissions  that  cover  major  tech- 
niques for  nondestructive  inspection  (x-ray,  ultrasonic, 
electrical,  magnetic,  and  optical  techniques)  and 
groups  with  interests  in  inspection  of  offshore  construc- 
tion, in  significance  of  defects,  and  in  quality  assurance 
in  welding  technology.  This  year,  Commission  V  met 
for  three  days  and  sponsored  a  seminar  on  the  fourth. 
Thirty  delegates  and  experts  from  sixteen  countries  at- 
tended the  meetings.  Following  are  reports  of  the 
subcommissions  and  working  groups,  in  the  order  of 
presentation. 
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Commission  V  on  Quality  Control  and  Quality  Assur- 
ance of  Welded  Products  handles  inspection  and  qual- 
ity issues  for  the  International  Institute  of  Welding 
(IIW).  The  activities  of  this  commission  are  important 
to  the  nondestructive  evaluation  industry  because  the 
annual  meetings  serve  as  an  international  review  of  re- 
search activities.  Many  of  its  draft  standards  are  for- 
warded to  the  International  Organization  for  Standards 
(ISO)  for  international  approval.  Thus,  this  summary  of 
the  meeting  provides  an  up-to-date  review  of  research 
in  other  countries  and  advance  notice  of  standardiza- 
tion activities. 
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Current  and  voltage  records  for  pulsed  gas  metal  arc 
welding  were  captured  at  data  collection  rates  up  to 
9  kHz,  then  correlated  with  a  high-speed  video  image 
of  the  arc.  Loss  of  shielding  gas  coverage  and  contact 
tube  wear  caused  characteristic  changes  in  the  current 
and  voltage  records.  Change  in  contact-tube-to-work 
distance  or  change  in  the  droplet  transfer  mode,  also 
affected  the  current  and  voltage  records.  Algorithms 
were  developed  which  use  the  current  and  voltage  sig- 
nals to  automatically  detect  these  undesirable  welding 
conditions  or  variations  in  the  welding  procedure.  The 
algorithms  were  incorporated  in  a  computerized  data 
collection  and  analysis  system  for  real-time  monitoring 
of  the  weld. 
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On  November  16,  1990  the  United  States  Congress 
enacted  the  Fastener  Quality  Act,  P.L.  101-592  (The 
Act).  The  Act  requires  the  establishment  of  procedures 
and  conditions  for  the  accreditation  of  laboratories  en- 
gaged in  the  inspection  and  testing  of  certain  fasteners 
entered  into  commerce  within  the  United  States.  This 
document  describes  the  National  Institute  of  Standards 
and  Technology  (NIST)  process  to  evaluate  accredita- 
tion bodies  as  required  by  section  6  of  the  Act.  The 
text  of  this  handbook  provides  specific  NIST  interpreta- 
tions of  the  general  requirements.  It  explains  the  proce- 
dures, conditions,  and  requirements  for  gaining  NIST 
approval/recognition. 
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A  user  manual  is  written  for  the  integrated  fastener 
manufacturing  workstation  which  was  jointly  developed 
in  the  Automated  Manufacturing  Research  Facility  at 
the  National  Institute  of  Standards  and  Technology 
(NIST)  by  the  Automated  Production  Technology  Divi- 
sion and  Portsmouth  Naval  Shipyard.  The  manual  is 
intended  to  be  used  to  train  the  operators  or  machinists 
to  run  the  computer-controlled  workstation.  The 
workstation  is  controlled  by  a  complex  UNIX-based 
control  system  and  requires  operator  interactions  with 
the  computer,  machine  and  gaging  devices.  The 
workstation  software  is  developed  with  ease  of  oper- 
ation in  mind  and  provides  an  operator-friendly  envi- 
ronment for  the  machinists  who  usually  have  very  little 
experience  with  computers,  particularly  a  UNIX  multi- 
tasking, multi-window  system.  The  manual  describes 
the  workstation,  the  software,  and  operation  proce- 
dures and  leads  the  operator  to  order  part  batches,  ex- 
amine status  and  perform  diagnostics. 
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Standard  formats  are  being  developed  for  a  wide  range 
of  data  associated  with  materials  and  their  properties. 
Two  committees  have  cooperated  in  the  development 
of  two  standards  for  welds,  one  covering  the  identifica- 
tion of  welds  (unique  identification  of  a  specific  weld, 
as  well  as  details  on  the  preparation  of  the  weld)  and 
the  other  covering  the  properties  and  inspection  of 
welds.  Separation  of  the  data  into  these  two  categories 
makes  the  standards  compatible  with  the  formats  de- 
veloped by  E49  for  other  materials.  The  report  provides 
more  details  on  these  standards. 


02,862 

PB95-162863       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (MSEL), 
Gaithersburg,  MD.  Materials  Reliability  Div. 
Computers  in  Welding:  A  Primer. 

Final  rept. 

T.  A.  Siewert,  R.  B.  Madigan,  and  T.  P.  Quinn.  1994, 
5p. 

Pub.  in  Welding  Jnl.,  p39-43  Feb  94. 

Keywords:  "Welding,  "Computers,  "Computer  applica- 
tions, Computer  components,  Computer  hardware, 
Computer  software,  Reprints. 

The  article  is  a  basic  summary  of  computer  concepts 
and  components.  If  you  haven't  started  to  use  comput- 
ers yet,  use  this  article  to  gain  a  basic  understanding. 
If  you  feel  somewhat  comfortable  with  computers,  you 
can  use  this  article  as  a  review,  but  it  also  may  help 
you  develop  a  plan  to  upgrade  your  skills  and  knowl- 
edge. We  have  added  recommendations  for  further 
reading  and  a  section  on  terms  and  definitions  at  the 
end  to  help  you  learn  the  jargon. 
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Through-the-Arc  Sensing  for  Real-Time  Measure- 
ment of  Gas  Metal  Arc  Weld  Quality. 

Final  rept. 

T.  A.  Siewert,  R.  B.  Madigan,  T.  P.  Quinn,  and  M.  A. 
Mornis.  1992,  9p. 

Sponsored  by  Department  of  the  Navy,  Washington, 
DC. 

Pub.  in  Proceedings  of  International  Conference  on 
Computerization  of  Welding  Information  IV,  Orlando, 
FL,  November  3-6,  1992,  p198-206. 

Keywords:  *Gas  metal  arc  welding,  'Quality  control, 
•Real  time  operations,  Computer  systems  programs, 
Electric  potential,  Electric  current,  Records,  Detection, 
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records. 

The  voltage  drop  across  the  arc  in  gas  metal  arc  weld- 
ing is  affected  by  droplet  transfer,  spatter  formation, 
and  many  other  arc  characteristics.  The  current  is  af- 
fected in  a  similar  manner.  The  authors  collected  volt- 
age and  current  records  with  a  high-speed  data  acqui- 
sition system,  and  correlated  features  in  the  records 
to  various  welding  problems.  Interruption  in  the  shield- 
ing gas  coverage,  wear  of  the  contact  tube,  change  in 
the  contact-tube-to-work  distance,  and  change  in  the 
droplet  transfer  mode  were  detected  through  this  sens- 
ing strategy.  These  effects  were  developed  into  gen- 
eral correlations  and  incorporated  into  a  computerized 
data  collection  and  analysis  system. 
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The  National  Institute  of  Standards  and  Technology 
has  investigated  the  efficacy  of  indicating  gaging  sys- 
tems used  to  measure  pitch  diameter  and  functional 
size  of  threaded  fasteners.  Three  external  systems  and 
four  internal  systems,  representing  four  manufacturers, 
were  used  in  the  test.  Twenty-seven  external  threads 
and  eleven  internal  threads  were  measured.  Some  of 
the  samples  were  purposely  produced  with  form  errors 
near  and  beyond  product  tolerances.  The  study  shows 
that  when  the  form  errors  are  outside  the  product  toler- 
ances, indicating  gages  from  different  manufacturers 
give  different  results  and  do  not  always  match  the  val- 
ues obtained  by  alternate  methods.  Results  of  the  tests 
are  presented  in  tabular  form. 
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Solder  drops  spreading  on  metallic  substrates  are  a  re- 
active form  of  the  wetting  problem.  A  metallic  compo- 
nent may  diffuse  into  the  metal  substrate  and  form 
intermetallics.  This  reaction  with  the  substrate  may  af- 
fect the  bulk  transport  in  the  spreading  drop  via  cou- 
pling with  the  flow  field  via  the  Marangoni  effect.  Moti- 
vated by  this  situation,  we  extend  a  lubrication  theory 
for  the  spreading  of  thin  drops  in  the  presence  of  grav- 
ity and  thermocapillarity  to  include  mass  transport  and 
solutocapillarity.  We  use  an  approximate  solute  profile 
in  the  drop  to  derive  coupled  evolution  equations  for 
the  free  surface  shape  and  concentration  field.  Numeri- 
cal solutions  for  the  non-reactive  (single  component) 
drop  agree  well  with  previous  theory.  Including  reactive 
effects  in  the  model  affects  the  flow  patterns  and 
spreading  rates  at  relatively  early  times;  but  by  the  end 
of  the  spreading,  solutal  effects  have  died  out  in  the 
model.  We  compare  our  results  with  some  experi- 
mental results. 
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The  Annual  Report  1994/1995  for  Commission  V, 
Quality  Control  and  Quality  Assurance  of  Welded 
Products,  of  the  International  Institute  of  Welding  is 
presented.  It  includes  (a)  minutes,  resolutions,  and  the 
future  program  adopted  at  its  Annual  Assembly  in  Sep- 
tember 1994,  (b)  the  organization,  officials,  and  dele- 
gates, (c)  schedules  of  meetings,  and  (d)  the  status 
of  documents  published  by  Commission  V.  It  reviews 
current  research  and  work  on  standardization. 
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Welds  were  made  with  a  1 .2-mm-diameter  MIL  100S- 
1  electrode  using  Ar-2%  02  shielding  gas  to  inves- 
tigate the  effects  of  contact-tube-to-work  distance  (13, 
19,  and  25  mm)  on  metal  transfer.  The  transfer  modes 
were  identified  by  the  sound  of  the  arc,  images  from 
a  laser  back-lit  high-speed  video  system,  and  digital 
records  of  the  voltage  and  current  fluctuations.  The 
spray  transfer  region  was  mapped  on  a  current-voltage 
plot,  with  a  range  that  included  the  boundaries  of  adja- 
cent transfer  modes.  The  metal  transfer  mode  bound- 
aries shifted  with  an  increase  in  contact-tube-to-work 
distance.  Increasing  the  contact-tube-to-work  distance 
from  13  mm  to  19  mm  required  a  15  mm/s  increase 
in  the  wire  feed  rate  for  the  globular-to-drop-spray  tran- 
sition. 
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Welding  is  known  to  be  a  significant  factor  in  the  forma- 
tion of  residual  stresses.  Residual  stresses  are  sus- 
pected as  the  reason  for  the  occurrence  of  leaks  in 
some  railroad  tank  cars  that  had  stiffeners  welded  to 
them.  Residual  stresses  at  the  surface  and  in  the  bulk 
of  metals  can  be  measured  non-destructively  by  x-ray 
and  neutron  diffraction  respectively.  In  this  report  the 
results  of  such  non-destructive  residual  stress  meas- 
urements on  one-pass,  skip,  bead-on  plate  welds  are 
presented.  The  plate  specimens  used  for  this  inves- 
tigation contained  two  beads  that  represent  the  skip 
weld  process.  Of  the  full  weld  bead  only  positions  close 
to  the  end  of  the  first  and  the  start  of  the  second  bead 
are  investigated.  The  results  show  longitudinal  tensile 


stresses  and  compressive  transverse  and  perpendicu- 
lar residual  stresses  in  the  region  close  to  both  the 
weld  end  and  the  weld  start. 
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In  this  development  of  closed-loop  control  of  the  gas- 
metal-arc  welding  process  using  light  emitted  by  the 
arc,  two  process  parameters  were  controlled  in  real 
time:  arc  length  and  droplet-transfer  frequency.  An  arc- 
length  sensor  and  controllers  to  regulate  arc  length  and 
to  actuate  welding  current  were  developed.  The  trans- 
fer frequency  depended  on  curreni,  wire-feed  speed, 
and  electrode  extension,  these  results  led  to  the  design 
of  a  transfer-frequency  controller. 
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A  comprehensive  survey  is  presented  of  research  on 
transport  phenomena,  that  is,  heat  flow,  fluid  flow, 
mass  transfer,  and  electrodynamics,  associated  with 
arc  welding.  Both  gas-metal  arc -welding  (GMAW)  and 
gas-tungsten  arc  welding  (GTAW)  systems  are  consid- 
ered, and  appropriate  emphasis  is  placed  on  the  intrin- 
sic differences  between  these  systems.  The  topics  dis- 
cussed include  the  behavior  of  the  arc,  and  its  inter- 
action with  both  the  electrode  and  the  surrounding  me- 
dium, on  the  one  hand,  and  the  behavior  of  the  weld 
pool  on  the  other.  The  limited  work  done  on  the  cou- 
pling between  arcs,  electrodes,  and  weld  pools  is  also 
discussed,  as  are  some  process-control  issues,  but  the 
problems  of  thermal  stress  evolution  and  stress-in- 
duced deformation  in  the  solid  state  are  not  treated. 
A  critical  discussion  of  the  comparison  between  model 
predictions  and  experimental  measurements  is  a  key 
feature  of  the  presentation,  which  concludes  with  a  dis- 
cussion of  the  critical  problems  that  still  need  to  be  ad- 
dressed. 
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The  electrode  extension  during  gas  metal  arc  welding 
is  predicted  using  a  one-dimensional  model  of  the 
melting  electrode.  Jouile  heating  in  the  electrode,  heat 
directly  applied  to  the  end  of  the  electrode  from  the 
condensing  electrons,  and  heat  transferred  from  the 
droplet,  together  with  conduction  along  the  electrode 
are  considered.  The  thermal  conductivity,  the  thermal 
diffusivity,  and  the  electrical  resistivity  of  the  electrode 
material  are  allowed  to  bary  with  temperature.  The 
steady-state  electrode  extension  is  predicted  to  an  ac- 
curacy of  1.9  mm  (0.074  in.).  The  onset  of  short- 
circuiting  as  the  current  is  decreased  for  a  given  elec- 
trode feed  speed  is  predicted  within  9%.  Dynamic  anal- 
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ysis  shows  that  the  gas  metal  arc  welding  process  acts 
as  a  low-pass  filter  for  electrode  extension  with  respect 
to  the  square  of  the  current  (proportional  to  power)  and 
with  respect  to  electrode  feed  speed.  As  the  mean 
welding  current  is  increased,  the  electrode  extension 
(or  arc  length  if  the  contact-tube-to-work  distance  is 
constant)  has  a  smaller  response  to  perturbations  in 
the  current  or  electrode  feed  speed.  The  quasi-linear 
transfer  functions  between  electrode  extension  and 
current  squared  and  between  electrode  extension  and 
electrode  feed  speed  can  be  described  by  one  zero, 
two  pole  parametric  fits.  The  transfer  functions  are  lin- 
ear in  the  amplitude  of  the  excitation  up  to  10%  of  the 
mean  excitation.  The  model  transfer  functions  were 
verified  with  experiments. 
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A  real-time  algorithm  has  been  developed  to  detect 
contact  tube  wear  during  gas  metal  arc  welding.  The 
integral  from  0.3  to  4  Hz  of  the  power  spectral  density 
of  voltage  (constant  current  and  pulsed  current  power 
sources)  or  current  (constant  voltage  power  sources) 
is  called  the  wear  parameter  and  is  used  to  measure 
wear.  The  contact  tube  is  predicted  to  be  worn  when 
the  parameter  grows  nonlinearly  or  exceeds  a  thresh- 
old. For  1 1  contact  tubes  worn  by  welding  on  a  rotating 
pipe,  the  wear  parameter  predicted  the  observed  in- 
crease in  the  area  of  the  contact  tube's  exit  bore  of 
140%  of  the  original  area  within  a  standard  deviation 
of  20%.  Welds  were  made  with  a  constant  voltage 
power  source  and  with  a  pulsed  current  power  source 
at  two  different  voltages.  The  pulsed  current  welds 
were  made  with  and  without  automatic  voltage  control 
by  wire  feed  speed  and  with  and  without  weaving  in 
a  V-groove.  No  significant  differences  were  detected 
between  the  wear  parameters  for  all  test  welds,  indicat- 
ing that  the  algorithm  can  be  used  under  these  welding 
conditions. 
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Commission  V  covers  issues  of  weld  inspection  and 
quality  control  for  the  International  Institute  of  Welding. 
The  report  summarizes  the  information  presented  at 
the  1994  Annual  Assembly:  descriptions  of  both  re- 
search and  draft  ISO  standards  being  developed  from 
the  research  data.  The  information  comes  from  the  var- 
ious multinational  subcommissions,  working  groups, 
and  task  groups  within  Commission  V.  Thus,  this  sum- 
mary provides  an  up-to-date  review  of  research  activi- 
ties in  other  countries  than  the  US  and  advanced  no- 
tice of  standardization  activities. 
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Quality  assurance,  Quality  control,  Radiology,  Ultra- 
sonic tests,  Standardization,  Reprints,  International  In- 
stitute of  Welding,  Radioscopy. 

This  report  summarizes  the  information  presented  at 
the  1995  Annual  Assembly,  descriptions  of  both  re- 
search and  draft  ISO  standards  having  been  devel- 
oped from  the  research  data.  The  information  comes 
from  the  various  multinational  sub-commissions,  work- 
ing groups,  and  task  groups  within  Commission  V.  This 
summary  provides  an  up-to-date  review  of  research 
activities  in  other  countries  and  advance  notice  of 
standardization  activities. 


02,875 

PB96-1 58084       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (MSEL), 
Gaithersburg,  MD.  Materials  Reliability  Div. 
What's  Available  in  Welding  Software. 

Final  rept. 

T.  A.  Siewert.  1995,  5p. 

Pub.  in  Welding  Jnl.,  p39-43  Nov  95. 

Keywords:  'Welding,  'Computer  software,  Weldments, 
Computerized  simulation,  Expert  systems,  Reference 
materials,  Mathematical  calculations,  Standards,  Re- 
prints. 

Welding  software  is  making  large  strides  in  sophistica- 
tion and  power,  as  the  developers  take  advantage  of 
the  latest  hardware  technology  and  new  software  con- 
cepts. The  list  includes  current  software,  a  short  sum- 
mary of  its  capabilities,  and  where  to  buy  it. 


02,876 

PB96-1 60676       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (TS), 
Gaithersburg,  MD.  Lab.  Accreditation  Program. 
Implementation  of  the  Fastener  Quality  Act. 

Final  rept. 

S.  W.  Stiefel.  1993,  7p. 
See  also  PB94-210143. 

Pub.  in  National  Board  of  Boiler  and  Pressure  Vessel 
Inspectors  Proceedings,  General  Meeting  (62nd),  San 
Diego,  CA.,  May  3-7,  1993,  p63-69. 

Keywords:  'Implementation,  "Quality  control,  Fasten- 
ers, Product  inspection,  Laboratory  procedures,  Test 
methods,  Requirements,  Accreditation,  Certification, 
Reprints,  'Fastner  Quality  Act,  Pubic  Law  101-592. 

This  presentation  describes:  the  objective  of  Public 
Law  101-592,  (the  fastener  Quality  Act),  various  re- 
quirements and  responsibilities  under  that  act,  the  sta- 
tus of  the  procedures  required  for  implementation,  and 
the  process  being  used  at  the  National  Institute  of 
Standards  and  Technology  (NIST)  to  develop  the  lab- 
oratory accreditation  program  for  those  laboratories 
that  will  be  doing  the  testing  under  the  act. 


02,877 

PB96-183124       PC  A04/MF  A01 

National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD.  Intelligent  Systems  Div. 

Proceedings  of  NIST  Workshop:  Industry  Needs  in 

Welding  Research  and  Standards  Development. 

Held  on  August  15-16, 1995. 

W.  G.  Rippey.  Apr  96,  32p,  NISTIR-5822. 

Keywords:  'Welding,  'Standards,  'Meetings,  US  NIST, 
Research  and  development,  Gaithersburg(Maryland). 

Thirty-two  attendees  representing  technology  users, 
technology  providers,  private  and  university  research, 
and  government  gathered  for  this  two-day  workshop 
on  welding  technology.  The  attendees  defined  twelve 
sub-topics.  The  top  four  ranked,  indicating  where  In- 
dustry has  the  strongest  needs,  were:  Interface  stand- 
ards for  data  exchange,  Electrical  and  mechanical 
interface  standards,  Predictive  process  models  and 
knowledge  base,  Simulation  and  off-line  programming. 

02,878 

PB96-1 86028       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Boulder,  CO.  Materials  Reliability  Div. 

Ultrasonic  Sensing  of  GMAW:  Laser/EMAT  Defect 

Detection  System. 

Final  rept. 

N.  M.  Carlson,  J.  A.  Johnson,  E.  D.  Larsen,  and  A. 
Van  Clark.  1992,  13p. 
See  also  DE92017916. 

Pub.  in  International  Conference  on  Welding  Research 
Trends  in  Welding  Technology  (3rd),  ASM  Inter- 
national, Metals  Park,  OH.,  p2-14  1992. 


Keywords:  'Defects,  'Gas  Metal-Arc  Welding,  Trans- 
ducers, Computerized  control  systems,  Reprints,  Data 
acquisition  systems,  Detection,  Feedback,  Monitoring, 
Nondestructive  analysis,  Personal  computers, 
'Ultrasonography,  Welded  joints. 

In-process  ultrasonic  sensing  of  welding  allows  detec- 
tion of  weld  defects  in  real-time  (1).  For  a  sensing  effort 
to  be  practical  in  a  production  environment,  a 
noncontracting  ultrasonic  system  is  developed.  The 
system  components  are  a  pulsed  laser  for  ultrasound 
generation  and  an  electromagnetic  acoustic  trans- 
ducer (EMAT)  for  ultrasound  reception.  A  personal 
computer  (PC)-based  system  acquires  and  analyzes 
data  to  determine  the  quality  of  the  welding  process 
on  a  pass-by-pass  basis.  The  laser/EMAT  system  in- 
terrogates an  area  in  the  weld  volume  where  defect 
conditions  are  most  likely  to  occur.  This  area  of  interest 
is  computer  calculated  on  a  pass-by-pass  basis  using 
weld  planning  information  provided  by  the  off-line  pro- 
grammer (OLP).  The  absence  of  a  signal  level  above 
threshold  in  the  computer  calculated  time  interval  indi- 
cates a  disruption  of  the  sound  path  to  the  EMAT  due 
to  the  presence  of  a  defect  condition.  The  ultrasonic 
sensor  system  then  provides  an  input  signal  to  the 
weld  controller  about  the  defect  condition. 


02,879 

PB96-186077       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (MSEL), 
Boulder,  CO.  Materials  Reliability  Div. 
Well-Shielded  EMAT  for  On-Line  Ultrasonic  Mon- 
itoring of  GMA  Welding. 
Final  rept. 

A.  V.  Clark,  S.  R.  Schaps,  and  C.  M.  Fortunko.  1992, 
3p. 

Pub.  in  Proceedings  of  Institute  of  Electrical  and  Elec- 
tronics Engineers  Ultrasonics  Symposium,  Orlando, 
FL,  1991,  3p  1992. 

Keywords:  "Acoustics,  'Ultrasonics,  'Welding,  Re- 
prints, 'EMATs. 

A  hybrid  laser/EMAT  system  is  currently  being  devel- 
oped for  pass-by-pass  inspection  of  weldment  defects. 
The  laser  source  is  inherently  broadband,  whereas  the 
EMAT  is  a  narrow-band  detector.  The  authors  review 
some  of  the  theory  used  to  develop  an  optimized 
EMAT  system  for  use  with  a  laser  source.  The  EMAT 
will  be  used  close  to  a  welding  torch.  The  welding  sys- 
tem has  a  40  kHz  (fundamental)  switching  power  sup- 
ply. This  gives  rise  to  severe  electromagnetic  inter- 
ference (EMI).  The  authors  review  the  means  of 
temperature-  and  EMI-hardening  used  to  develop  a 
practical  EMAT  system  for  this  environment.  They  de- 
veloped a  balanced  system  of  counter-wound  coil  and 
differential  preamplifier  which  greatly  suppressed  EMI. 
Other  measures,  such  as  multiple  shielding,  bandpass 
filtering,  and  attention  to  grounds,  were  used.  The  sys- 
tem gives  about  32  dB  signal-to-noise  ratio,  when  op- 
erated 1 25  mm  from  a  welding  torch. 


02.880 

PB96-191366       PC  A04/MF  A01 
National  Inst,  of  Standards  and  Technology  (MSEL), 
Boulder,  CO.  Materials  Reliability  Div. 
IIW  Commission  V  Quality  Control  and  Quality  As- 
surance of  Welded  Products,  Annual  Report  1995/ 
96. 

T.  A.  Siewert.  Apr  96,  36p,  NISTIR-5044,  IIW-V- 
1059-96. 

See  also  report  for  1994/95,  PB95-1 98743.  Sponsored 
by  International  Inst,  of  Welding. 

Keywords:  "Welding,  'Quality  control,  Nondestructive 
tests,  Inspection,  Eddy  current  tests,  Ultrasonic  tests, 
Meetings,  US  NIST. 

The  Annual  Report  1 995-96  for  Commission  V,  Quality 
Control  and  Quality  Assurance  of  Welded  Products,  of 
the  International  Institute  of  Welding  includes  (1)  min- 
utes, resolutions,  and  the  future  program  adopted  at 
its  Annual  Assembly  in  June  1 995,  (2)  the  organization, 
officials,  and  delegates,  (3)  schedules  of  meetings,  and 
(4)  the  status  of  documents  published  by  Commission 
V.  It  reviews  current  research  and  work  on  standard- 
ization. 


02,881 

PB97-114185       PC  A06/MF  A01 
National  Inst,  of  Standards  and  Technology  (TS), 
Gaithersburg,  MD.  National  Voluntary  Lab.  Accredita- 
tion Program. 
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National  Voluntary  Laboratory  Accreditation  Pro- 
gram (NVLAP):  Fasteners  and  Metals. 

Handbook. 

D.  F.  Alderman.  Aug  96,  76p,  NIST7HB-150-18. 
Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03421-5. 

Keywords:  "Fasteners,  'Quality  control,  Standards, 
Tests,  Laboratories,  Accreditation,  Chemical  analysis, 
Metallography,  Corrosion  resistance,  US  NIST. 

NIST  Handbook  150-18  presents  the  technical  require- 
ments of  the  National  Voluntary  Laboratory  Accredita- 
tion Program  (NVLAP)  for  Fasteners  and  Metals.  It  is 
intended  for  information  and  use  by  staff  of  accredited 
laboratories,  those  laboratories  seeking  accreditation, 
other  laboratory  accreditation  systems,  users  of  lab- 
oratory services,  and  others  needing  information  on 
the  requirements  for  accreditation  under  the  Fastners 
and  Metals  program.  This  publication  supplements  the 
Fasteners  Quality  Act  (PL  1 01  -592)  as  amended  by  the 
National  Technology  Transfer  and  Advancement  Act 
(PL  104-113)  and  its  implementing  regulations  as  de- 
scribed in  Title  15,  Part  280  of  the  U.S.  Code  of  Federal 
Regulations,  and  NIST  Handbook  150,  NVLAP  Proce- 
dures and  General  Requirements  (which  contains  all 
general  NVLAP  procedures,  criteria,  and  policies). 


Manufacturing,  Planning,  Processing 
&  Control 


02,882 

PB94-1 85493       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (MEL), 
Gaithersburg,  MD.  Robot  Systems  Div. 
Issues  Concerning  Material  Removal  Shape  Ele- 
ment Volumes  (MRSEVs). 
Final  rept. 

T.  R.  Kramer.  1994,  13p. 

Pub.  in  International  Jnl.  of  Computer  Integrated  Manu- 
facturing 7,  n3  p1 39-1 51  1994. 

Keywords:  "Machining,  Numerical  control.  Metal  cut- 
ting, Computer  aided  manufacturing,  Automation, 
Shape,  Subroutine  libraries,  Reprints, 
*MRSEVs(Material  removal  shape  element  volumes), 
"Material  removal  shape  element  volumes, 
PDES(Product  Data  Exchange  using  STEP), 
STEP(Standard  for  the  Exchange  of  Product  Model 
Data). 

In  machining  discrete  parts,  material  removal  shape 
element  volumes  (MRSEVs)  may  be  used  to  convey 
shape  information  from  process  planning  to  NC-pro- 
gramming.  This  paper  discusses  16  issues  regarding 
MRSEVs  and  presents,  in  summary  form,  a  proposed 
library  of  MRSEVs  for  three-axis  machining. 

02,883 

PB95-147906       PC  A04/MF  A01 
National  Inst,  of  Standards  and  Technology  (MEL), 
Gaithersburg,  MD.  Factory  Automation  Systems  Div. 
Program  Requirements  to  Advance  the  Tech- 
nology of  Custom  Footwear  Manufacturing. 
H.  T.  Moncarz.  Oct  94,  56p,  NISTIR-5521. 

Keywords:  "Footwear,  "Orthopedic  equipment, 
"Manufacturing,  "Research  and  development, 
"Meetings,  Shoes,  Technology  innovation,  Prototypes, 
Cost  effectiveness,  US  NIST. 

The  National  Institute  of  Standards  and  Technology 
(NIST)  and  the  South  Carolina  Research  Authority 
(SCRA)  co-hosted  the  first  Custom  Footwear  Manufac- 
turing Workshop  in  Charleston,  SC  on  March  10-11, 
1994.  At  the  workshop  we  discussed  the  potential  cre- 
ation of  a  nationwide,  collaborative  research  and  de- 
velopment (R&D)  effort  to  benefit  the  American  foot- 
wear industry.  We  discussed  applicable  technologies 
for  custom  and  therapeutic  footwear  manufacturing,  re- 
lated business  requirements,  national  impacts  on  the 
economy  and  health  care,  and  potential  strategies  to 
launch  a  nationwide  R&D  effort.  We  decided  that  our 
best  strategy  will  be  to  concentrate  initial  efforts  on  the 
technology  requirements  of  therapeutic  footwear.  We 
believe  that  the  proper  development,  commercializa- 
tion, and  particularly,  the  integration  of  the  advanced 
technologies  discussed  will  enable  the  cost-effective 
design,  manufacture,  and  distribution  of  therapeutic 
footwear.  This  report  documents  the  workshop  and  is 
intended  as  a  starting  point  to  initiate  the  R&D  program 
proposed. 


02.884 

PB95-171112       PC  A03/MF  A01 
National  Inst,  of  Standards  and  Technology  (MEL), 
Gaithersburg,  MD.  Precision  Engineering  Div. 
Japan  Technology  Program  Assessment:  Preci- 
sion Engineering/Precision  Optics  in  Japan. 
C.  J.  Evans.  Dec  94,  18p,  NISTIR-5491. 

Keywords:  "Precision,  "Machining,  "Optics,  "Japan, 
Technology  assessment,  Manufacturing,  Lithography, 
Research  and  development,  Technology  innovation, 
Metrology,  Precision  engineering,  National  Institute  of 
Standards  and  Technology. 

The  report,  based  on  two  visits  to  Japan,  discusses  the 
structure  of  precision  engineering  research  and  devel- 
opment in  Japan,  and  current  directives  in  precision 
machining,  precision  optics  and  advanced  lithography. 

02,885 

PB95-210167       PC  A03/MF  A01 

Catholic  Univ.  of  America,  Washington,  DC.  Dept.  of 

Mechanical  Engineering. 

Issues  Concerning  Material  Removal  Shape  Ele- 
ment Volumes  (MRSEVs). 

T.  R.  Kramer.  26  Mar  92,  32p,  NISTIR-4804. 
Contract  NIST-70NANB9H0923 
See  also  PB94-1 85493.  Sponsored  by  National  Inst, 
of  Standards  and  Technology  (MEL),  Gaithersburg, 
MD.  Intelligent  Systems  Div. 

Keywords:  "Machining,  "Numerical  control,  Metal  cut- 
ting, Computer  aided  manufacturing,  Automation,  Sub- 
routine libraries,  Shape,  Production  control,  Material 
forming,  "Material  removal  shape  element  volumes. 

In  machining  discrete  parts,  Material  Removal  Shape 
Element  Volumes  (MRSEVs)  may  be  used  to  convey 
shape  information  from  process  planning  to  numeri- 
cally controlled  (NC)  programming.  This  paper  dis- 
cusses sixteen  issues  regarding  MRSEVs  and  pre- 
sents, in  summary  form,  a  proposed  library  of  MRSEVs 
for3-axis  machining. 


02,886 

PB96-1 09525       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (CAML), 

Gaithersburg,  MD.  Statistical  Engineering  Div. 

Agile  Manufacturing  from  a  Statistical  Perspective. 

R.  G.  Easterling.  Oct  95,  44p,  NISTIR-5573. 
Also  pub.  as  Sandia  National  Labs.,  Albuquerque,  NM. 
New  Initiatives  Dept.  rept.  no.  SAND95-1552.  Pre- 
pared in  cooperation  with  Sandia  National  Labs.,  Albu- 
querque, NM.  New  Initiatives  Dept. 

Keywords:  "Manufacturing,  "Industrial  management, 
'Systems  analysis,  Industrial  plants,  Product  develop- 
ment, Industrial  plants,  Statistics,  Research  programs, 
Agile  manufacturing. 

The  objective  of  agile  manufacturing  is  to  provide  the 
ability  to  quickly  realize  high-quality,  highly-cus- 
tomized, in-demand  products  at  a  cost  commensurate 
with  mass  production.  More  broadly,  agility  in  manufac- 
turing, or  any  other  endeavor,  is  defined  as  change- 
proficiency-the  ability  to  thrive  in  an  evironment  of  un- 
predictable change.  This  report  discusses  the  general 
direction  of  the  agile  manufacturing  initiative,  including 
research  programs  at  the  National  Institute  of  Stand- 
ards and  Technology  (NIST),  the  Department  of  En- 
ergy, and  other  government  agencies,  but  focuses  on 
agile  manufacturing  from  a  statistical  perspective.  The 
role  of  statistics  can  be  important  because  agile  manu- 
facturing requires  the  collection  and  communication  of 
process  characterization  and  capability  information, 
much  of  which  will  be  data-based.  The  statistical  com- 
munity should  initiate  collaborative  work  in  this  impor- 
tant area. 


02,887 

PB96-1 12693       PC  A99/MF  E08 

National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD. 

Proceedings  of  the  Annual  Manufacturing  Tech- 
nology Conference  (2nd):  Toward  a  Common 
Agenda.  Held  in  Gaithersburg,  Maryland  on  April 
18-20,1995. 

Special  pub. 

C.  Albus.  Aug  95.  91 3p,  NIST/SP-886. 

Also  available  from  Supt.  of  Docs  as  SN003-003- 

03361-8.  See  also  report  for  1994,  PB95-206181. 

Keywords:  "Manufacturing,  "Meetings,  "Proceedings, 
US  NIST,  State  of  the  art,  Market  research,  Aerospace 
industry,  Electronics  industry,  Automotive  industry, 


Construction  industry,  Food  industry,  Textile  industry, 
Gaithersburg(Maryland). 

This  conference  helped  to  define  the  major  elements 
of  a  common  manufacturing  agenda  that  involves  the 
efforts  of  government,  industry,  academia  and 
workforce  organizations.  The  conference  built  on  the 
progress  made  at  last  year's  priority-setting  conference 
on  manufacturing  technology,  which  attracted  more 
than  600  participants. 
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PB94-136009       PC  A1 1/MF  A03 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

NIST  Handbook  44,  1994:  Specifications,  Toler- 
ances and  Other  Technical  Requirements  for 
Weighing  and  Measuring  Devices  as  Adopted  by 
the  78th  National  Conference  on  Weights  and 
Measures  1993. 
Handbook. 

H.  V.  Oppermann,  and  T.  G.  Butcher.  Oct  93,  230p, 
NIST/HB-44. 

Supersedes  PB93-213106.  Also  available  from  Supt. 
of  Docs,  as  SN003-003-03242-5. 

Keywords:  "Weight  measurement, 

"Tolerances(Mechanics),  "Measuring  instruments, 
"Metrology,  "Handbooks,  Liquid  level  indicators,  Water 
meters,  Weight  indicators,  Grains(Food),  Dimensional 
measurement,  Hydrocarbons,  Fuel  tanks,  Specifica- 
tions, Liquefied  petroleum  gases,  Length,  Grain  mois- 
ture, Taximeters. 

Handbook  44  was  first  published  in  1949,  having  been 
preceeded  by  similar  handbooks  of  various  designa- 
tions and  in  several  forms  beginning  in  1 91 8.  This  1 994 
edition  was  developed  by  the  Committee  on  Specifica- 
tions and  Tolerances  of  the  National  Conference  on 
Weights  and  Measures,  with  the  assistance  of  the  Of- 
fice of  Weights  and  Measures  of  the  National  Institute 
of  Standards  and  Technology.  It  includes  amendments 
adopted  by  the  78th  annual  meeting  of  the  National 
Conference  on  Weights  and  Measures,  1993.  Hand- 
book 44  is  published  in  its  entirety  each  year  following 
the  annual  meeting  of  the  National  Conference  on 
Weights  and  Measures. 


02,889 

PB94-1 60835       PC  A05/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

National  Type  Evaluation  Program:  Index  of  Device 
Evaluations  by  Company.  NCWM  Publication  5 
Part  A  (Second  Edition). 

K.  Newell.  8  May  90,  86p,  NISTIR-4333. 

Keywords:  'Metrology,  Indexes(Documentation),  Per- 
formance evaluation,  'National  Type  Evaluation  Pro- 
gram. 

The  publication  contains  the  listing  of  all  devices  that 
have  been  evaluated  under  the  National  Type  Evalua- 
tion Program  (NTEP)  since  January  1 ,  1 986  to  May  8, 
1990.  It  replaces  the  first  Edition  and  Supplements  1, 

2,  and  3. 


02,890 

PB94-163029       PC  A03/MF  A01 
National  Inst,  of  Standards  and  Technology  (MEL), 
Gaithersburg,  MD.  Factory  Automation  Systems  Div. 
Concept  for  an  Algorithm  Testing  and  Evaluation 
Program  at  NIST. 

C.  Diaz.  Jan  94,  14p,  NISTIR-5366. 
See  also  PB90-148362. 

Keywords:  'Dimensional  measurement,  'Data  analy- 
sis, 'Computer  program  integrity,  Metrology,  Coordi- 
nates, Computer  software,  Algorithms,  Computer  pro- 
gram verification,  Standards,  National  Institute  of 
Standards  and  Technology. 

This  report  proposes  a  National  Institute  of  Standards 
and  Technology  (NIST)  service  for  testing  and  evaluat- 
ing coordinate  measuring  systems  (CMS)  software. 
This  program  addresses  industry's  need  for  a  formal 
mechanism  that  tests  data  analysis  software  used  in 
CMSs.  The  NIST  Algorithm  Testing  and  Evaluation 
Program  (ATEP)  combines  the  NIST  Algorithm  Testing 
System  (ATS),  test  procedures  based  on  emerging  na- 
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tional  standards,  and  control  over  the  ATS  reference 
algorithms.  This  report  presents  a  concept  for  this  for- 
mal mechanism  to  provide  testing  methods  and  tools 
to  test  and  evaluate  CMS  data  analysis  software. 


02,891 

PB94-1 63466       PC  A03/MF  A01 
National  Inst,  of  Standards  and  Technology  (MEL), 
Gaithersburg,  MD.  Factory  Automation  Systems  Div. 
Models,  Managing  Models,  Quality  Models:  An  Ex- 
ample of  Quality  Management. 
J.  E.  Tyler.  Dec  91,  20p,  NISTIFt-4738. 
See  also  PB91 -193367. 

Keywords:  "Product  development,  "Quality, 
"Management,  "Standards,  Models,  Data  bases,  Tech- 
nology innovation,  Design  standards,  Production  mod- 
els, Commerce,  Competition,  International  trade, 
STEP(Standard  for  the  Exchange  of  Product  Model 
Data),  PDES(Product  Data  Exchange  using  STEP), 
Malcolm  Baldrige  National  Quality  Award,  IGES(lnitial 
Graphics  Exchange  Specification),  ISO(lnternational 
Organization  for  Standardization),  Quality  levels, 
Model  assessment,  Information  models,  Data  models. 

Quality  is  an  increasingly  important  element  in  com- 
petitiveness. This  paper  will  focus  on  strategies  used 
by  an  international  standards  committee  for  improving 
the  development  of  its  complex  standard.  The  paper 
outlines  an  approach  for  use  within  the  standards-mak- 
ing community.  Aside  from  the  standards-making  com- 
munity, any  organization  interested  in  establishing 
quality  metrics  and  quality  thresholds  to  assess  tech- 
nical quality  should  find  this  paper  useful.  An  overview 
of  a  methodology  for  evaluating  the  technical  quality 
of  information  and  data  models  is  also  included.  Qual- 
ity management  techniques  for  models  are  described 
along  with  management's  role  in  ensuring  that  high 
quality  models  are  produced.  Many  basic  concepts  of 
the  Malcolm  Baldrige  National  Quality  Award  were 
used  in  building  the  foundation  for  this  new  approach 
to  standards  development. 
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This  report  is  the  documentation  for  the  NIST  pressure 
calibration  service.  Topics  discussed  include  design 
philosophy  and  theory  of  pressure  primary  standard 
piston  gages,  uncertainties  of  the  primary  standards, 
uncertainties  of  NIST  transfer  standard  piston  gages, 
calibration  quality  control,  methods  of  piston  gage  cali- 
bration, and  international  intercomparisons  of  pressure 
measurement.  A  sample  calibration  report  is  included 
as  an  appendix. 
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The  report  examines  the  effects  of  uncertainties  in  tem- 
perature and  coefficient  of  thermal  expansion  on  the 
expanded  uncertainty  of  length  dimensional  measure- 
ments made  away  from  the  international  standard  ref- 
erence temperature  of  20  C  for  artifact  standards  and 
workpieces  of  various  materials.  Specific  cases  exam- 
ined deal  with  (1)  uncertainties  of  thermal-expansion 
coefficients  associated  with  values  given  in  engineer- 
ing references,  standard  reference  data,  standard  ref- 
erence materials  and  direct  measurements;  and  (2)  un- 
certainties of  part  temperature  measurements  associ- 


ated with  realizing  the  International  Temperature  Scale 
of  1990  (ITS-90)  and  determining  part  temperatures 
relative  to  ITS-90  with  the  principal  types  of  thermom- 
etry and  achievable  levels  of  temperature  control. 
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Advances  in  the  manufacture  of  integrated  circuits,  x- 
ray  optics,  magnetic  read-write  heads,  optical  data 
storage  media,  razor  blades,  etc.  require  advances  in 
ultraprecision  metrology.  Each  of  these  industries  is 
currently  investigating  the  use  of  Atomic  Force  Micros- 
copy (AFM)  to  improve  the  precision  and  accuracy  of 
their  manufacturing  process  control  measurements.  To 
facilitate  the  use  of  AFM  for  manufacturing,  we  are  de- 
veloping a  specially  designed  AFM  system  that  we  call 
the  Calibrated  AFM  (C-AFM).  The  C-AFM  will  be  used 
to  calibrate  artifacts  which,  in  turn,  can  be  used  to  cali- 
brate commercial  AFMs.  The  system  design  goals  are 
first  presented.  The  critical  electro-mechanical  and  me- 
trology issues  involved  in  the  design,  construction,  and 
operation  of  the  C-AFM  are  then  summarized.  The  cur- 
rent status  and  performance  of  the  instrument  is  then 
presented.  The  effects  of  stage  stiffness  on  system 
performance  are  discussed  in  depth.  Finally,  plans  for 
the  future  development  of  the  instrument  are  summa- 
rized. 
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The  support  of  its  mission  to  promote  uniform  stand- 
ards of  measurement  throughout  the  United  States,  the 
National  Institute  of  Standards  and  Technology  (NIST) 
received  funding  in  1965  to  provide  new  standards  of 
mass,  length,  and  volume  to  State  weights  and  meas- 
ures laboratories.  This  program,  called  the  (New)  State 
Standards  Program,  also  provided  the  equipment 
needed  to  perform  calibration  in  these  measurement 
areas.  Part  I  describes  the  accreditation  program 
whereby  NIST  accredits  State  weights  and  measures 
laboratories.  Part  II  is  the  directory  of  State  weights 
and  measures  laboratories  and  lists  the  services  they 
provide  to  State  and  local  weights  and  measures  agen- 
cies as  well  as  to  industry.  The  directory  is  intended 
to  assist  potential  users  of  the  laboratory  services  in 
locating  and  obtaining  needed  measurement  services. 
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This  paper  defines  the  characteristics  of  performance 
standards,  describes  the  promotion  of  the  use  of  such 
standards  and  discusses  the  positive  and  negative  as- 
pects of  performance  standards.  The  purpose  of  this 


paper  is  to  acquaint  more  people  with  the  subject  of 
performance  standards. 
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The  paper  describes  automatic  length  scale  measure- 
ment by  laser  interferometry  at  NIST.  It  will  show  the 
continuous  progress  in  measurement  technique,  in- 
strumentation, and,  consequently,  measurement  accu- 
racy since  1965  to  the  present  time.  The  discussion 
will  include  the  latest  improvement  in  stability,  and  the 
new  yaw  and  pitch  correction  of  the  subcarriage. 
Changes  in  the  measurement  process  including  the 
automatic  environmental  data  acquisition  and  the  inter- 
ferometer deadpath  correction  are  also  described. 
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The  use  of  a  specific  artifact,  known  as  the  Machine 
Checking  Gage,  is  examined  for  use  as  an  interim  test 
of  Coordinate  Measuring  Machine  (CMM)  perform- 
ance. The  results  of  several  tests  using  this  gage  on 
two  different  CMMs  is  reported.  Suggestions  for  mak- 
ing the  test  more  robust  and  informative  are  described. 
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The  recently  approved  dimensional  measuring  inter- 
face specification  (DMIS)  standard  is  briefly  reviewed. 
An  inspection  system  which  incorporates  this  standard 
is  being  developed  at  the  National  Institute  of  Stand- 
ards and  Technology  (NIST),  and  the  implementation 
of  DMIS  is  outlined.  It  closes  with  a  discussion  of  the 
benefits  and  limitations  of  such  a  system  and  a  sum- 
mary of  the  inspection  process. 
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An  experimental  study  was  conducted  to  evaluate  the 
suitability  of  five  piezoelectric  materials  for  use  in  high- 
sensitivity,  broadband  (10  kHz-2  MHz)  acoustic-emis- 
sion (AE)  'point'  sensors.  The  scope  of  the  study  in- 
cluded effects  of  the  material  parameters  and  pre- 
amplifier input-impedance  characteristics.  Computer- 
model  predictions  were  compared  with  results  of 
measurements.  The  NIST  Standard  Reference  Mate- 
rial (SRM)  'conical'  transducer  was  used  as  a  ref- 
erence high-performance  sensor.  The  experimental 
study  was  carried  out  using  'pinducers'  made  of:  PZT- 
5A,  lead  metaniobate,  x-cut  quartz,  36  deg  Y-cut 
LiNb03,  and  PVDF.  It  is  shown  that  materials  exhibit- 
ing the  highest  dielectric  constant  are  best  suited  for 
high-performance  AE  sensor  applications. 
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This  paper  establishes  to  first  order  the  sensitivity  of 
the  center  coordinates  and  radius  of  a  circle  through 
three  points  in  terms  of  small,  random  perturbations  of 
those  points.  This  problem  arises  in  the  estimation  of 
measurement  errors  from  coordinate  measurement 
systems.  Formulas  developed  herein  express  the  un- 
certainty of  circle  parameters  as  functions  of  point 
measurement  uncertainty  and  the  arc  angle  between 
points.  We  show  that  for  practical  measurement  proce- 
dures, task  uncertainties  depend  only  on  the  mean  and 
variance  of  the  point  measurement  errors  and  are  es- 
sentially independent  of  their  statistical  distribution. 
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A  brief  introduction  to  this  paper  will  be  given  describ- 
ing the  relationship  of  materials  science  to  the  indus- 
trial challenge  facing  the  United  States  and  the  role  of 
the  National  Institute  of  Standards  and  Technology 
(NIST)  in  helping  to  meet  this  challenge.  The  main  por- 
tion of  the  talk  will  deal  with  the  important  role  of  Non- 
destructive Evaluation  (NDE)  in  the  processing  of  ma- 
terials. NDE  research  and  engineering  at  NIST  aimed 
at  developing  sensors  for  such  applications  will  be  dis- 
cussed and  illustrated  by  the  following  examples:  fluo- 
rescent sensors  for  polymer  processing,  ultrasonic 
sensors  for  high  Tc  superconductor  heat  treatment, 
and  eddy  current  probes  for  aluminum  processing.  The 
focus  on  the  intelligent  processing  of  materials  will  be 
illustrated  by  examples  involving  high  pressure  gas 
atomization  and  hot  isostatic  processing  of  metal  pow- 
ders. Future  directions  of  the  NIST  program  will  be  pre- 
sented. 
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ments, "Handbooks,  Liquid  level  indicators,  Time 
measuring  instruments,  Weight  indicators,  Dimen- 
sional measurement,  Tolerances(Mechanics),  Lique- 
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Handbook  44  was  first  published  in  1949,  having  been 
preceded  by  similar  handbooks  of  various  designations 
and  in  several  forms  beginning  in  1918.  This  1 995  edi- 
tion was  developed  by  the  Committee  on  Specifica- 
tions and  Tolerances  of  the  National  Conference  on 
Weights  and  Measures  with  the  assistance  of  the  Of- 
fice of  Weights  and  Measures  of  the  National  Institute 
of  Standards  and  Technology.  It  includes  amendments 
adopted  by  the  79th  annual  meeting  of  the  National 
Conference  on  Weights  and  Measures  in  1 994.  Hand- 
book 44  is  published  in  its  entirety  each  year  following 
the  annual  meeting  of  the  National  Conference  on 
Weights  and  Measures. 

02,904 

PB95-151916       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg.  MD.  Materials  Reliability  Div. 

Ultrasonic  Technique  for  Sizing  Voids  Using  Area 

Functions. 

Final  rept. 

J.  Yang,  and  L.  J.  Bond.  1992,  6p. 

Sponsored  by  British  Council,  London  (England). 

Pub.  in  IEE  Proceedings-A  139,  n2  p45-50  Mar  92. 

Keywords:  'Voids.  'Ultrasonic  tests,  'Size  determina- 
tion, Dimensional  measurement,  Nondestructive  tests, 
Approximation,  Size(Dimensions),  Backscattering,  Re- 
prints. 

A  technique  is  reported  for  determining  the  sizes  of 
voids  in  structural  materials  by  the  inversion  of 
backscattered  ultrasonic  signals  using  the  area  func- 
tion formula.  The  formulation  of  this  method  is  based 
on  the  Born  approximation  which  is  a  weak  scattering 
approximation,  but  it  is  shown  to  work  well  for  voids. 
Results  for  extracting  the  radii  of  spherical  voids,  or  the 
tangent  plane  distances  of  spheroidal  voids  are  pre- 
sented, using  theoretical  and  experimental  scattering 
data. 
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This  paper  describes  the  theory  and  implementation  of 
automated  optical  roughness  inspection.  Our  work  has 
been  accomplished  at  the  Inspection  Workstation 
(IWS)  in  the  Automated  Manufacturing  Research  Facil- 
ity (AMRF)  at  the  National  Bureau  of  Standards.  The 
Surface  Roughness  Instrument  Controller  (SRIC)  su- 
pervises the  automated  optical  roughness  inspection 
of  parts.  This  controller  is  an  integrated,  data-driven, 
hierarchical  control  software  system.  The  SRIC  con- 
trols two  pieces  of  equipment-the  surface  roughness 
instrument  (SRI)  and  the  automatic  dial  indicator  (ADI). 
The  SRI  is  a  photo-optical  surface  roughness  inspec- 
tion device  which  monitors  surface  roughness  by 
measuring  the  angular  distribution  of  light  scattered 
from  the  surface  of  a  part.  Its  tasks  are  coordinated 
with  those  of  the  IWS  inspection  robot.  Using  the  SRI 


optical  signals  as  sensory  input,  the  robot  properly 
aligns  the  part  in  front  of  the  SRI  so  that  a  valid  optical 
scattering  reading  is  obtained.  The  ADI  is  used  to  help 
the  robot  to  position  the  part  in  front  of  the  SRI  for  its 
initial  reading.  The  SRIC  uses  the  optical  data  obtained 
to  estimate  values  of  roughness  average  and  root 
mean  square  roughness  for  parts  machined  in  the 
AMRF. 
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An  automated  inspection  system  for  manufactured 
parts  is  being  implemented  within  the  Quality  in  Auto- 
mation program  at  the  National  Institute  of  Standards 
and  Technology.  The  project  is  a  cooperative  research 
effort  among  NIST  and  six  U.S.  industrial  firms  to  cor- 
rect the  traditional  problems  associated  with  post-proc- 
ess gauging  procedures,  and  closes  the  loop  for  these 
procedures  from  the  production  of  a  CAD  representa- 
tion of  a  part  to  the  analysis  of  inspection  results  for 
that  part. 
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X-Ray  Image  Quality  Indicator  Designed  for  Easy 

Alignment. 

Final  rept. 

T.  A.  Siewert,  and  M.  W.  Austin.  1992,  4p. 
Pub.  in  Materials  Evaluation,  p1 069-1 072  Sep  92. 

Keywords:  'X-ray  inspection,  *Weld"d  joints,  'Image 
processing,  *X-ray  imagery,  Image  analysis,  Quality 
control,  Radiography,  Imaging  techniques,  Non- 
destructive tests,  Reprints,  'Image  quality  indicator. 

A  new  image  quality  indicator  (IQI)  design  is  proposed 
that  is  particularly  suitable  for  fundamental  measure- 
ments of  image  unsharpness.  The  design  is  that  of  a 
thin  strip,  with  its  larger  cross-sectional  dimension 
aligned  parallel  to  the  beam  at  some  location  along  the 
strip.  One  end  of  the  strip  is  given  a  half  twist  so  some 
section  near  the  center  of  the  strip  is  perfectly  aligned 
with  the  beam,  without  requiring  the  careful  alignment 
as  with  some  IQI  designs.  A  strip  configuration  is  apt 
because  it  is  available  for  many  materials  at  low  cost 
and  in  thin  dimensions.  Our  report  describes  prelimi- 
nary evaluation  of  the  concept  using  a  steel  strip  with 
cross-sectional  dimensions  of  0.07  by  3  mm. 
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National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Materials  Reliability  Div. 

Through-the-Arc  Sensing  for  Measuring  Gas  Metal 

Arc  Weld  Quality  in  Real  Time. 

Final  rept. 

T.  Siewert,  B.  Madigan,  T.  Quinn,  and  M.  Mornis. 
1992,  4p. 

Pub.  in  Materials  Evaluation,  p314-318  Nov  92. 

Keywords:  'Arc  welding,  'Electrical  measurement, 
'Real  time,  'Quality  control,  Drop  transfer,  Shielding, 
Wear,  Electric  current,  Voltage,  Data  acquisition,  Mon- 
itoring, Inspection,  Reprints,  *Through-the-arc  sensing, 
'Gas  metal  arc  welding. 

The  voltage  drop  across  the  arc  in  gas  metal  arc  weld- 
ing is  affected  by  droplet  transfer,  spatter  formation, 
and  many  other  arc  characteristics,  and  the  current  is 
affected  in  a  similar  manner.  We  collected  voltage  and 
current  records  with  a  high-speed  data  acquisition  sys- 
tem, and  correlated  features  in  the  records  to  various 
welding  problems.  Interruption  in  the  shielding  gas  cov- 
erage, wear  of  the  contact  tube,  change  in  the  contact- 
tube-to-work,  distance,  and  change  in  the  droplet 
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transfer  mode  were  detected  through  this  sensing 
strategy.  These  effects  were  developed  into  general 
correlations  and  incorporated  into  a  computerized  data 
collection  and  analysis  system. 
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National  Inst,  of  Standards  and  Technology  (TS), 
Gaithersburg,  MD.  Weights  and  Measures  Program. 
Uniform  Laws  and  Regulations  in  the  Areas  of 
Legal  Metrology  and  Motor  Fuel  Quality,  1994  as 
Adopted  by  the  79th  National  Conference  on 
Weights  and  Measures  1994. 
Handbook. 

J.  A.  Koenig,  and  K.  S.  Butcher.  Dec  94,  183p,  NIST/ 
HB-1 30-1 995. 

Supersedes  PB93-1 25086.  Also  available  from  Supt. 
of  Docs,  as  SN003-003-03308-1 . 

Keywords:  'Weight  measurement,  'Regulations, 
"Handbooks,  Packaging,  Standardization,  Revisions, 
Automotive  fuels,  Consumer  affairs,  Commodities,  La- 
bels, Prices,  Food,  Sales,  Metrology, 
Law(Jurisprudence). 

The  handbook  compiles  the  latest  Uniform  Laws  and 
Regulations  and  related  interpretations  and  guidelines 
adopted  by  the  National  Conference  on  Weights  and 
Measures  (NCWM).  At  the  1983  annual  meeting,  the 
NCWM  voted  to  change  the  title  of  Handbook  130  and 
the  titles  of  the  Laws  and  Regulations  compiled  in  the 
handbook.  The  edition  includes  amendments  adopted 
at  the  annual  meetings  in  1993  and  1994.  The  Con- 
ference recommends  adoption  and  promulgation  by 
weights  and  measures  jurisdictions  of  these  Uniform 
Laws  and  Regulations  as  updated  in  the  handbook. 
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Dimensional  Inspection  Planning  Based  on  Prod- 
uct Data  Standards. 
Final  rept. 

S.  C.  Feng.  1994,  10p. 

Pub.  in  Proceedings  of  International  Conference  on 
Concurrent  Engineering  (1st):  Research  and  Applica- 
tions, Pittsburgh,  PA.,  August  29-31,  1994,  p333-342. 

Keywords:  "Dimensional  measurement,  "Inspection, 
"Standards,  Computer  aided  design,  Models,  Informa- 
tion processing,  Planning,  Computer  aided  manufac- 
turing, Reprints,  *DMIS(Dimensional  Measuring  Inter- 
face Standard),  "Dimensional  Measuring  Interface 
Standard,  STEP(Standard  for  the  Exchange  of  Product 
Model  Data),  CMMs(Coordinate  Measuring  Machines). 

This  paper  describes  an  activity  model  for  dimensional 
inspection  planning  that  bridges  the  gap  between  prod- 
uct design  and  the  dimensional  measurement  of  manu- 
factured products.  Functionally,  this  model  specifies 
requirements  for  developing  a  part  of  a  product  data 
exchange  standard  that  enables  design,  inspection  re- 
source, and  measurement  data  to  be  exchanged 
among  computer  aided  design  systems,  computer 
aided  process  planning  systems,  and  coordinate 
measuring  systems.  A  set  of  diagrams  has  been  gen- 
erated to  represent  the  activity  and  its  sub-activities, 
inputs,  outputs,  controls,  and  mechanisms,  when  such 
inspection  planning  is  based  on  technologies  of  prod- 
uct data  exchange,  process  planning,  and  information 
modeling. 
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Improving  Photomask  Linewidth  Measurement  Ac- 
curacy via  Emulated  Stepper  Aerial  Image  Meas- 
urement. 
Final  rept. 

J.  E.  Potzick.  1994,  8p. 

Pub.  in  Society  of  Photo-Optical  Instrumentation  Engi- 
neers Photomask  Technology  and  Management  10, 
n47p1-8Sep94. 

Keywords:  "Photomasks,  "Dimensional  measurement, 
"Line  width,  Integrated  circuits,  Uncertainty,  Chro- 
mium, Accuracy,  Reprints. 

The  most  significant  contribution  to  uncertainty  in  the 
measurement  of  photomask  linewidths  is  the  rough 
shape  of  the  edge  of  the  etched  chrome  lines.  This  un- 
certainty can  be  greatly  reduced  if  the  emulated  step- 
per aerial  image  of  the  feature  is  measured  instead  of 
its  geometric  linewidth.  That  is:  measure  what  the 


photomask  does,  not  what  it  is.  Phase-shift  and  other 
kinds  of  mask  can  be  measured  in  the  same  way. 
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National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD. 

Proceedings  Report  of  the  International  Invitation 
Workshop  on  Development  Assurance.  Held  in 
Ellicott  City,  Maryland  on  June  1 6-1 7, 1 994. 

P.  Toth.  Jan  95,  35p,  NISTIR-5590. 

Keywords:  "Quality  assurance,  "Product  development, 
Product  inspection,  Evaluation,  Competition,  Models, 
Methodology,  "Developmental  assurance,  US  NIST. 

Ninety-eight  participants  from  the  US,  EC,  Canada, 
and  Japan  representing  government  agencies,  both 
defense  and  civil,  private  corporations,  evaluators, 
users,  and  vendors  of  trusted  products  met  to  discuss 
the  concept  of  developmental  assurance.  The  majority 
of  the  participants  felt  that  the  concept  of  developmen- 
tal assurance  was  valid.  The  participants  rec- 
ommended that  all  future  developmental  assurance 
work  take  place  on  the  international  level.  The  devel- 
opmental assurance  concept  must  first  be  proven  at 
the  lower  levels  of  trust.  Developmental  assurance 
may  provide  a  level  of  assurance  that  approaches  the 
current  C2/E2.  If  this  is  possible,  developmental  assur- 
ance may  then  be  extended  to  the  higher  levels  of 
trust.  Developmental  assurance  may  not  replace  third 
party  evaluations  completely  but  may  help  to  speed  up 
the  evaluation  process.  Developmental  assurance  in 
combination  with  third  party  evaluation  may  provide  a 
useful  level  of  assurance  in  a  more  reasonable  period 
of  time. 
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Gaithersburg,  MD.  Precision  Engineering  Div. 
Design,  Specification  and  Tolerancing  of  Microm- 
eter-Tolerance Assemblies. 
D.  A.  Swyt.  Mar  95,  27p,  NISTIR-5615. 
See  also  PB92-1 64680. 

Keywords:  "US  NIST,  "Metrology, 

"Tolerances(Mechanics),  Electronics  industry,  Auto- 
mobile industry,  Specifications,  Engines. 

Increasing  numbers  of  economically  important  prod- 
ucts manufactured  by  U.S.  companies  are  comprised 
of  assemblies  of  component  parts  which  have  macro- 
scopic dimensions  and  microscopic  tolerances.  Mi- 
crometer-tolerance assemblies  include  not  only  inte- 
grated-circuit  devices  and  mangetic-memory  read- 
write  heads,  but  automobile-engine  systems,  including 
fuel  injectors,  hydraulic  valve  lifters  and  even  piston 
and  cylinder  assemblies.  Focusing  on  these,  this 
paper:  (1)  reports  examples  of  micrometer-tolerance 
assemblies;  (2)  discusses  strategies  in  design,  speci- 
fication, and  tolerancing  (DS&T)  which  some  compa- 
nies have  adopted  for  the  manufacture  of  such  assem- 
blies; and  (3)  identifies  generic-technology,  measure- 
ment, and  standards  issues  in  DS&T  associated  with 
that  manufacture. 
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National  Inst,  of  Standards  and  Technology  (MEL), 
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Interim  Testing  Artifact  (ITA):  A  Performance  Eval- 
uation System  for  Coordinate  Measuring  Machines 
(CMMs).  User  Manual. 

A.  T.  Singer,  J.  L.  Land,  S.  D.  Phillips,  G.  Caskey,  D. 
Ward,  P.  Snoots,  B.  Faust,  D.  Sawyer,  and  B. 
Borchardt.  Feb  95,  74p,  NISTIR-5602. 

Keywords:  "Dimensional  measurement,  "Measuring  in- 
struments, "Inspection,  "Performance  evaluation,  Kin- 
ematics, Manufacturing,  Tests,  Pneumatic  equipment, 
Components,  User  manuals,  CMMs(Coordinate  Meas- 
uring Machines),  ITA(lnterim  Testing  Artifact). 

Coordinate  Measuring  Machines  (CMMs)  have 
emerged  as  the  primary  tool  for  manufactured  part  di- 
mensional inspection.  However,  models  which  com- 
pletely characterize  CMM  errors  are  not  currently  avail- 
able. The  Interim  Testing  Artifact  (ITA)  was  developed 
at  the  National  Institute  of  Standards  and  Technology 
(NIST)  to  help  CMM  users  determine  the  performance 
of  their  CMMs.  This  document  is  a  user  manual  which 
contains  the  complete  instructions  for  the  assembly, 
use  and  maintenance  of  the  ITA. 
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National  Inst,  of  Standards  and  Technology  (MEL), 
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Algorithm  Testing  and  Evaluation  Program  for  Co- 
ordinate Measuring  Systems:  Long  Range  Plan. 

C.  Diaz.  May  95,  16p,  NISTIR-5651. 
See  also  PB94-163029. 

Keywords:  "Data  analysis,  "Computer  program, 
"Dimensional  measurement,  Algorithms,  Metrology, 
Coordinates,  Computer  software,  Standards,  National 
Institute  of  Standards  and  Technology. 

The  report  is  a  long  range  plan  for  the  NIST  Algorithm 
Testing  and  Evaluation  Program  (ATEP).  ATEP  is  a 
Special  Test  Service  provided  at  NIST  through  the  Of- 
fice of  Measurements  Services  Calibrations  Program. 
ATEP  is  a  serivce  for  testing  and  evaluating  data  anal- 
ysis software  found  in  coordinate  measuring  systems. 
The  purpose  of  the  long  range  plan  is  to  outline  the 
projected  evolution  of  the  service  so  that  the  service 
will  evolve  systematically. 
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User's  Guide  for  the  Algorithm  Testing  System 
Version  2.0. 

D.  A.  Rosenfeld.  Jun  95,  44p,  NISTIR-5674. 
See  also  PB93-175990. 

Keywords:  "Verification  inspection,  "Fitting, 
"Geometry,  "Computer  program  verification,  Algo- 
rithms, Computer  software,  Data  analysis,  Graphical 
user  interface,  Input  output  processing,  Online  sys- 
tems, User  manuals(Computer  programs), 
ATEP(Algorithm  Testing  and  Evaluation  Program), 
CMS(Coordinate  Measuring  Systems),  US  NIST. 

The  Algorithm  Testing  System  (ATS)  is  a  software  sys- 
tem which  support  the  Algorithm  Testing  and  Evalua- 
tion Program  for  Coordinate  Measuring  Systems 
(ATEP-CMS).  ATEP-CMS  is  a  National  Institute  of 
Standards  and  Technology  (NIST)  special  test  service 
for  evaluating  the  performance  of  CMS  geometric  fit- 
ting software.  ATEP-CMS  uses  the  ATS  to  analyze 
such  software.  The  ATS  typically  performs  such  an 
analysis  by  generating  data  sets,  applying  its  own  fit- 
ting routines  to  fit  geometries  onto  the  datasets,  and 
comparing  its  own  fit  results  to  the  fit  results  of  the  soft- 
ware under  test  for  the  same  data.  The  ATS  provides 
the  above  capabilities,  and  extensive  on-line  help.  The 
report  provides  a  user's  guide  for  the  ATS.  It  introduces 
the  overall  design  and  functionality  of  the  ATS  and 
guides  the  user  through  a  number  of  hands-on  tuto- 
rials. 
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The  paper  discusses  the  integration  of  vision  and  touch 
sensors  in  a  coordinate  measuring  machine  (CMM) 
controller  used  for  dimensional  inspection  tasks.  A 
real-time  hierarchical  control  system  is  presented  in 
which  a  vision  system  extracts  positions  of  features. 
The  probe  is  tracked  by  the  vision  system  as  it  scans 
surfaces  so  that  its  motion  can  be  visually  served. 
Minimalist  sensor-derived  representations,  involving 
only  task-specific  information,  are  used  in  this  process. 
Although  the  camera  itself  remains  incalibrated,  a  real- 
time calibration  of  very  limited  scope  is  performed  each 
processing  cycle  to  transform  the  task-specific  image 
informaiton  into  3-D  information  as  feedback  to  guide 
the  probe.  The  ability  to  integrate  vision  and  touch  sen- 
sors for  CMM  tasks  promises  expanded  capabilities  for 
flexible  inspection  data  acquisition. 
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Estimation  of  Measurement  Uncertainty  of  Small 
Circular  Features  Measured  by  CMMs. 

S.  D.  Phillips,  B.  Borchardt,  and  W.  T.  Estler.  Aug  95, 
16p,  NISTIR-5698. 

Keywords:  "Dimensional  measurement,  "Accuracy, 
"Estimating,  Circular  plates,  Algorithms,  Metrology, 
Geometry,  Uncertainty,  Graphs(Charts), 

*CMMs(Coordinate  Measuring  Machines),  "Coordinate 
Measuring  Machines. 

This  paper  examines  the  measurement  uncertainty  of 
small  circular  features  as  a  function  of  the  sampling 
strategy,  i.e.,  the  number  and  distribution  of  measure- 
ment points.  Specifically,  we  examine  measuring  a  cir- 
cular feature  using  a  three-point  sampling  strategy  in 
which  the  angular  distance  between  the  points  varies 
from  widely  spaced,  120  degrees,  to  closely  grouped, 
a  few  degrees.  Both  theoretical  and  experimental  re- 
sults show  that  the  measurements  uncertainty  is  a 
strong  function  of  the  sampling  strategy.  The  uncer- 
tainty is  shown  to  vary  by  four  orders  of  magnitude  as 
a  function  of  the  angular  distribution  of  the  measure- 
ment points.  A  conceptual  framework  for  theoretically 
estimating  the  measuring  uncertainty  is  described  and 
a  good  agreement  with  experiment  is  obtained  when 
the  measurements  are  consistent  with  the  assump- 
tions of  the  theoretical  model. 
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"Requirements,  Certification,  Test  facilities,  Standard- 
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The  guide  includes  a  brief  history  of  the  role  of  stand- 
ards in  the  European  Union  and  the  lastest  information 
on  the  EU's  harmonization  directives  for  implementing 
the  'New  Approach'  and  the  Global  Approach  for  har- 
monizing technical  regulations  and  standards  to  re- 
duce barriers  to  trade.  The  standards  guide  also  con- 
tains information  on  the  three  key  European  standards 
organizations  that  are  mandated  by  the  EU  Commis- 
sion to  draft  European  technical  standards;  information 
on  European  testing  and  certification  activities;  and  a 
list  of  EU  officials  with  standards-related  responsibil- 
ities. 
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system,  Metrology,  SI  units,  International  system  of 
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As  international  trade  becomes  more  competitive,  the 
slightest  disadvantage  quickly  is  translated  into  lost  op- 
portunities. Many  U.S.  exporters  may  find  themselves 
at  a  competitive  disadvantage  because  of  the  incom- 
patibility between  the  metric  standards  used  in  world 
markets  and  many  U.S.  standards  which  remain 
nonmetric. 
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*CMM(Coordinate  Measuring  Machines),  "Coordinate 
Measuring  Machines,  Superfit  Modeling  Software. 

Supertit  is  a  software  package  developed  by  the  Na- 
tional Institute  of  Standards  and  Technology  (NIST) 
that  fits  a  model  of  probe  lobing  to  coordinate  data  ob- 
tained by  probing  a  calibration  ball.  It  runs  under  the 
Microsoft  Windows(TM)  3.1  operating  system.  This 
document  describes  how  to  use  the  Superfit  software. 
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Reference  Manual  for  the  Algorithm  Testing  Sys- 
tem Version  2.0. 
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The  Algorithm  Testing  System  (ATS)  is  a  software  sys- 
tem which  supports  the  Algorithm  Testing  and  Evalua- 
tion Program  for  Coordinate  Measuring  Systems 
(ATEP-CMS).  ATEP-CMS  is  a  NIST  Special  Test  Serv- 
ice for  evaluating  the  performance  of  CMS  geometric 
fitting  software.  The  ATS  typically  performs  an  analysis 
by  generating  data  sets,  applying  its  own  fitting 
routines  to  fit  geometries  onto  the  data  sets,  and  com- 
paring its  own  fit  results  to  the  fit  results  of  the  software 
under  test  for  the  same  data.  This  report  is  a  reference 
manual  for  the  ATS.  It  documents  fully  the  usuage  of 
the  ATS,  describes  in  detail  the  data  generation  and 
analysis  capabilities  of  the  ATS,  and  defines  the  nam- 
ing conventions  used  by  the  ATS. 
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International  investment  and  trade  are  driving  forces 
for  national  economies,  building  a  sound  industrial 
base,  and  developing  jobs.  However,  as  tariffs  have 
decreased,  technical  barriers  have  become  significant 
as  potential  impediments  to  trade.  These  technical  bar- 
riers are  often  the  result  of  technical  regulations  (man- 
datory standards).  Some  of  the  major  technical  barriers 
to  trade  stem  from  product  standards,  conformity  as- 
sessment, laboratory  accreditation,  and  demonstrating 
traceability  to  national  laboratories. 
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Keywords:  "Dimensional  measurement,  "Accuracy, 
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A  hallmark  of  modern  products  is  the  high  precision 
of  the  dimensions  of  their  functional  parts  -  high,  that 
is,  compared  to  that  of  their  less-modern  contem- 
poraries. Modern  products  of  this  century  are  video 
cassette  recorders,  the  precision  of  whose  parts  allows 
read-write  heads  to  be  aerodynamically  flown  over  the 
recording  medium  at  misreoscopic  altitudes. 
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Metrology  is  the  field  of  knowledge  concerned  with 
measurement.  While  all  scientific  disciplines  impact  on 
human  life  in  one  way  or  another,  the  interaction  with 
weigts  and  measures  runs  like  a  continuous  line 
through  everybody's  life. 
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Handbook  44  was  first  published  in  1949,  having  pre- 
ceded by  similar  handbooks  of  various  designations 
and  several  forms,  beginning  in  1918.  This  1996  edi- 
tion was  developed  by  the  Committee  on  Specifica- 
tions and  Tolerances  of  the  National  Conference  on 
Weights  and  Measures,  with  the  assistance  of  the  Of- 
fice of  Weights  and  Measures  of  the  National  Institute 
of  Standards  and  Technology  (NIST).  It  includes 
amendments  adopted  by  the  80th  annual  meeting  of 
the  National  Conference  on  Weights  and  Measures  in 
1995.  Handbook  44  is  published  in  its  entirety  each 
year  following  the  annual  meeting  of  the  National  Con- 
ference on  Weights  and  Measures. 
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This  handbook  compiles  the  latest  Uniform  Laws  and 
Regulations  and  related  interpretations  and  guidelines 
adopted  by  the  National  Conference  on  Weights  and 
Measures  (NCWM).  At  the  1983  Annual  Meeting,  the 
NCWM  voted  to  change  the  title  of  Handbook  130  and 
the  titles  of  the  Laws  and  Regulations  compiled  in  this 
handbook.  The  former  title  of  the  handbook  was  'Model 
State  Laws  and  Regulations.'  'Model  State'  was 
changed  to  'Uniform'  in  the  titles  to  reflect  that  these 
Laws  and  Regulations  are  (1 )  intended  to  be  standards 
rather  than  just  guidelines,  and  (2)  intended  for  adop- 
tion by  political  subdivisions  other  than  States  when 
deemed  appropriate.  The  compilation  itself  was  ap- 
proved by  the  NCWM  in  1979.  This  edition  includes 
amendments  adopted  at  the  Annual  Meeting  in  1995. 
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Present  and  Future  Standard  Specimens  for  Sur- 
face Finish  Metrology. 
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T.  V.  Vorburger,  J.  F.  Song,  E.  Marx,  B.  R.  Scace, 
and  T.  R.  Lettieri.  1992,  4p. 

Pub.  in  International  Symposium  on  Optical  Fabrica- 
tion Testing  and  Surface  Evaluation,  Society  of  Photo- 
Optical  Instrumentation  Engineers,  v1720  p78-81  Feb 
92. 

Keywords:  'Surface  profiling,  "Metrology,  Bidirectional 
reflectance,  Roughness  average,  Sinusoidal,  Spatial 
wavelength,  Reprints,  "Standard  reference  materials. 

The  accurate  measurement  of  surface  finish  requires 
standard  specimens  to  calibrate  and  check  the  oper- 
ation of  the  measuring  instruments.  This  is  true  both 
for  profiling  techniques  such  as  the  stylus  and  area 
averaging  techniques  such  as  light  scattering.  For 
profiling  stylus  instruments,  the  international  standard 
ISO  5436  has  enumerated  four  types  of  standard 
specimens  which  may  be  classified  as  step  height 
specimens,  periodic  roughness  specimens,  random 
roughness  specimens,  and  specimens  for  checking 
probe  tip  resolution.  A  draft  of  a  related  U.S.  standard 
uses  the  same  taxonomy.  For  light  scattering  instru- 
ments, the  use  of  standard  specimens  are  discussed 
in  the  ASTM  standard  for  total  integrated  scatter.  In  ad- 
dition, several  ad  hoc  standard  specimens  have  been 
used  in  an  interlaboratory  comparison  of  instruments 
that  measure  the  bidirectional  reflectance  distribution 
function  (BRDF).  The  group  has  developed  a  series  of 
specimens,  known  as  Standard  Reference  Materials 
(SRMs),  for  calibrating  stylus  profiling  instruments.  The 
authors  are  also  in  the  process  of  developing  a  series 
of  profile  specimens  for  calibrating  the  linearity  of 
BRDF  instruments.  Both  types  of  specimens  have  si- 
nusoidal profiles  and  are  discussed  in  turn. 
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In  this  paper,  measurement  challenges  are  related  to 
the  changes  taking  place  in  emerging  technologies, 
quality  and  production.  The  act  of  measurement  is  in- 
creasingly associated  with  the  process  rather  than  the 
product.  As  a  result,  the  role  of  measurement  is  be- 
coming proactive  and  anticipatory.  Measurements  are 
increasingly  done  on-line  and  at  the  place  of  need  with- 
in the  production  process.  Measurement  problems 
must  be  addressed  early  in  the  research  and  develop- 
ment phase;  and  the  purpose  of  measurement  must 
be  seen  as  assuring  good  product  at  all  times  as  op- 
posed to  the  traditional  role  of  measurement  which  was 
focussed  on  eliminating  bad  products. 
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Competition,  Government  agencies,  Programs,  Tech- 
nology innovation,  Small  businesses. 

The  conference  addressed  the  many  challenges  and 
opportunities  confronting  manufacturers.  Presen- 
tations were  made  by  representatives  from  a  host  of 
manufacturing  industries,  each  of  which  has  been  try- 
ing to  chart  its  course  for  the  future  by  developing  a 
'road  map'  of  technology  directions  and  needs.  The 
conference  was  a  unique  opportunity  to  examine  the 
spectrum  of  manufacturing  industries,  identify  the  com- 
monalities and  differences,  and  start  assessing  the 
value  of  road  maps.  The  conference  also  provided  a 
glimpse  of  the  full  spectrum  of  government  programs 
in  manufacturing  technology.  The  ultimate  goal  was  to 
develop  a  plan  for  moving  forward  to  assure  that  the 
United  States  maintains  a  strong,  dynamic  manufactur- 
ing sector  that  is  globally  competitive  and  capable  of 
meeting  national  challenges.  Among  other  themes,  the 
papers  reflect  growing  government  collaboration  with 
industry,  increasing  cooperation  within  and  among  fed- 
eral agencies,  expanded  technical  agendas  in  govern- 
ment, and  experimentation  with  innovative  government 
programs. 
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An  international  workshop  was  held  in  Rockville,  Mary- 
land, on  November  3-5,  1992,  to  discuss  major  re- 
search and  development  programs  in  manufacturing 
systems  technology.  In  addition  to  individual  R&D  pro- 
grams and  technology  sources  in  North  America, 
Western  Europe,  Eastern  Europe,  and  Asia,  the  work- 
shop participants  also  discussed  R&D  needs,  prior- 
ities, underlying  motivations,  and  opportunities  for 
international  collaboration.  Approximately  25  leading 
experts  attended  the  workshop,  which  was  co-spon- 
sored by  the  U.S.  Department  of  Defense's  Manufac- 
turing Technology  Program. 
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The  paper  presents  a  concept  for  the  development  of 
a  reference  model  open-system  architecture  for  real- 
time, sensory  interactive,  intelligent  machine  systems. 
Central  to  the  notion  is  a  desire  to  accelerate  techno- 
logical development,  technology  transfer  and  commer- 
cialization of  world  class  control  system  products  in  the 
field  of  robotics,  intelligent  machines,  and  automation. 
A  plan  is  outlined  whereby  a  reference  model  Architec- 
ture for  Real-Time  Intelligent  Control  Systems 
(ARTICS)  can  be  defined  through  the  cooperative  ef- 
forts of  industry,  academia,  and  government.  As  envi- 
sioned, ARTICS  would  be  a  series  of  evolving  guide- 


lines specifying  an  infrastructure  of  hardware  compo- 
nents, software  components,  interfaces,  communica- 
tions protocols  and  application  development  tools.  An 
ARTICS  reference  model  would  make  it  possible  for 
industry  to  develop  and  market  a  diverse  line  of  control 
system  components  which  could  be  interchangeable 
and  realizable  on  many  different  vendors'  intelligent 
machine  systems  platforms. 
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The  paper  discusses  progress  in  world  model  calibra- 
tion and  environmental  modeling  of  sensory  informa- 
tion in  the  context  of  the  Off-Line  Programming  (OLP) 
project  at  the  National  Institute  of  Standards  and  Tech- 
nology's (NIST)  Automated  Manufacturing  Research 
Facility  (AMRF).  The  project  began  in  1988  to  dem- 
onstrate an  integrated  OLP  implementation.  The  base- 
line OLP  system  accepts  IGES  CAD  data,  enables 
graphical  simulation  of  objects  and  devices  and  pro- 
duces VAL  II  robot  trajectories.  The  robot  trajectories, 
however,  are  based  on  a  world  model  that  is  inherently 
inaccurate.  A  basic  OLP  system  and  most  existing 
commercial  OLP  systems,  therefore,  are  more  effec- 
tive only  as  a  prototyping  tool.  Consequently,  the  au- 
thors are  now  developing  the  new  OLP  system  into  a 
production  tool  for  generating  robust  robot  control  pro- 
grams. The  authors  recently  completed  work  on  world 
model  calibration  and  environmental  modeling  of  force 
and  torque  in  an  attempt  to  improve  world  model  reg- 
istration of  the  real  world. 
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The  Hierarchical  Ada  Robot  Programming  System 
(HARPS)  is  a  telerobot  control  system  which  can  per- 
form some  simple  but  useful  tasks:  this  capability  is 
demonstrated  by  performing  an  ORU  exchange  demo. 
HARPS  is  based  on  the  National  Institute  of  Standards 
and  Technology  (NIST)  NASA  Standard  Reference 
Model  (NASREM)  model.  The  primary  programming 
language  for  all  developed  software  is  Ada,  and  the 
project  incorporated  a  number  of  different  Computer 
Aided  Software  Engineering  (CASE)  development 
tools.  NASREM  was  found  to  be  a  valid  and  useful 
model  for  building  a  telerobot  control  system:  Its  hier- 
archical and  distributed  structure  creates  a  very  natural 
and  logical  flow  for  developing  and  implementing  large, 
complex,  and  robust  control  systems.  Similarly,  the 
ability  of  Ada  to  create  and  enforce  abstraction  was 
found  to  enhance  the  implementation  of  such  a  control 
system.  The  CASE  tools  utilized  showed  some  prom- 
ise in  helping  to  design  a  large  system  which  proc- 
essed a  tremendous  amount  of  data  involving  very 
complex  computations  and  relationships.  An  overview 
of  NASREM,  the  ORU  exchange  demo,  the  HARPS 
system,  and  the  development  tools  used  in  HARPS  is 
given  in  this  paper. 
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This  document  consists  of  a  list  of  publications  by  the 
staff  of  the  Intelligent  Systems  Division,  Manufacturing 
Engineering  Laboratory  (MEL),  National  Institute  of 
Standards  and  Technology  (NIST)  for  the  period  of 
January  1971  through  April  1994.  Publications  cover 
research  done  by  the  division  in  the  areas  of  intelligent 
machines  and  systems,  robotics,  real-time  sensory- 
interactive  control,  open-systems  architectures,  sort- 
ware  development  techniques,  world  modeling,  con- 
struction, mining  and  automated  manufacturing  sys- 
tems. 
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We  describe  an  integrated  real-time  vision-based 
closed-loop  system  which  will  serve  as  a  platform  for 
testing  vision-based  navigation  algorithms.  The  system 
consists  of  several  subsystems:  a  charge  coupled  de- 
vice (CCD)  camera,  a  Pipelined  Image  Processing  En- 
gine (PIPE)  real-time  image  processor,  a  SUN3/160 
workstation  and  a  DENNING  mobile  robot.  We  detail 
each  of  the  subsystems,  and  the  communications  be- 
tween them.  Finally,  we  describe  an  algorithm  used  to 
test  the  system  and  discuss  future  work. 
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The  lure  of  using  motion  vision  as  a  fundamental  ele- 
ment in  the  perception  of  space  drives  this  effort  to  use 
flow  features  as  the  sole  cues  for  robot  mobility.  Real- 
time estimates  of  image  flow  and  flow  divergence  pro- 
vide the  robot's  sense  of  space.  The  robot  steers  down 
a  conceptual  corridor,  comparing  left  and  right  periph- 
eral flows.  Large  central  flow  divergence  warns  the 
robot  of  impending  collisions  at  'dead  ends.'  When  this 
occurs,  the  robot  turns  around  and  resumes  wander- 
ing. Behavior  is  generated  by  directly  using  flow-based 
information  in  the  2-D  image  sequence;  no  3-D  recon- 
struction is  attempted.  Active  mechanical  gaze  sta- 
bilization simplifies  the  visual  interpretation  problems 
by  reducing  camera  rotation.  By  combining  corridor  fol- 
lowing and  dead-end  deflection,  the  robot  has  wan- 
dered around  the  lab  at  30  cm/s  for  as  long  as  20  min- 
utes without  collision.  The  ability  to  support  this  behav- 
ior in  real-time  with  current  equipment  promises  ex- 
panded capabilities  as  computational  power  increases 
in  the  future. 
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The  Unified  Telerobotic  Architecture  Project  (UTAP) 
open  architecture  is  intended  for  operator-supervised, 
teleoperated  and  shared  control  robotic  maintenance 
tasks.  The  basic  premise  is  to  augment,  not  replace, 
the  human  operator  by  blending  the  individual  skills  of 
each  into  a  system  -  the  human's  superior  cognition 
and  pattern  recognition,  and  the  robot's  tireless,  pre- 
cise, and  repeatable,  motion.  Further,  many  of  the 
tasks  are  unsafe  and  hazardous.  This  document  de- 
scribes the  UTAP  architecture  and  a  standard  environ- 
ment and  Application  Programming  Interface  for  the  ar- 
chitecture. The  document  presents  a  discussion  of  the 
Interface  Framework  including  the  reasoning  process 
applied  to  the  interface  definition.  It  also  presents  a 
UTAP  configuration  and  classification  strategy.  It  de- 
scribes the  UTAP  information  model  used  for  rep- 
resenting the  interface  data.  The  UTAP  interfaces,  in- 
cluding the  format,  types,  syntax,  semantics  and  sig- 
nificant features  of  operation  are  presented.  Appendix 
I  describes  the  architecture  and  module  functionality. 
Appendix  II  summarizes  the  UTAP  interface  mes- 
sages, and  Appendix  III  contains  specific  definitions  for 
each  of  the  UTAP  interfaces.  Appendix  IV  contains 
profiles  for  the  Remote  modules  in  the  system.  Appen- 
dix V  discusses  a  sample  scenario  for  a  refurbishing 
task,  and  then  presents  an  overview  of  the  message 
traffic. 
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This  paper  is  concerned  with  the  task  of  visual  motion- 
based  navigation.  A  critical  requirement  of  the  task  is 
the  ability  to  estimate  3-D  depth  and  motion  from  visual 
information.  We  present  a  new  concept  called  image 
gradient  evolution  (IGE),  which  utilizes  the  change  of 
image  spatial  gradients  over  time  as  a  threat  cue;  an 
approaching  object  induces  2-D  expanding  motion  and 
causes  the  image  spatial  structure  to  stretch  so  the 
image  gradients  decrease.  Based  on  this  idea,  our 
method  offers  a  one-step  solution  directly  from  image 
gradients,  instead  of  from  optical  flow  and  its  derived 
properties. 
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This  paper  presents  a  new  visual  motion  cue,  the  au- 
thors call  the  Hybrid  Visual  Threat  Cue  (HVCT)  that 


provides  some  measure  for  a  change  in  relative  range 
as  well  as  absolute  clearances,  between  a  3D  surface 
and  a  fixated  observer  in  motion.  The  visual  field  asso- 
ciated with  the  HVTC  can  be  used  to  demarcate  the 
regions  around  a  moving  observer  into  safe  and  dan- 
ger zones  of  varying  degree,  which  may  be  suitable 
for  autonomous  navigation  tasks,  in  particular  collision 
avoidance  and  maintenance  of  clearance.  The  HVTC 
is  independent  of  the  3D  environment  and  needs  al- 
most no  a-priori  information  about  it.  It  is  rotation  inde- 
pendent, and  is  measured  in  (time(sup  -1))  units.  When 
there  is  a  relative  motion  between  a  fixation  point  on 
a  3D  surface  and  an  observer,  the  perceived  texture 
details  the  image  vary.  The  rate  at  which  the  details 
vary  provides  an  indication  of  the  observer's  relative 
motion  with  respect  to  the  3D  surface.  Scale  space 
representation  which  is  a  multiscale  approach  provides 
a  concrete  way  to  analyze  the  variations  of  image  de- 
tails The  authors  derive  a  relation  between  the  relative 
temporal  variations  of  the  image  inner  scale  and  the 
HVTC.  A  practical  method  to  extract  the  HVTC  from 
a  sequence  of  images  of  a  3D  textured  surface  ob- 
tained by  a  fixated,  fixed-focus  monocular  camera  in 
motion  is  also  presented.  A  global  dissimilarity  meas- 
ure is  extracted  directly  from  the  raw  data  of  the  gray 
level  of  textured  images  from  which  the  HVTC  is  ob- 
tained. This  approach  of  extracting  the  HVTC  is  inde- 
pendent of  the  type  of  3D  surface  texture  and  needs 
no  optical  flow  information,  3D  reconstruction,  seg- 
mentation, feature  tracking.  It  needs  almost  no  camera 
calibration.  This  algorithm  to  extract  the  HVTC  was  ap- 
plied to  a  set  of  twelve  different  texture  patterns  (of  3D 
scenes)  from  the  Brodatz's  album,  where  the  authors 
observed  a  similar  behavior  for  most  of  the  textures. 
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In  the  absence  of  a-priori  information  about  the  infor- 
mation an  autonomous  mobile  robot  relies  on  sensory 
information  to  make  local  judgments  about  its  sur- 
rounding. Generation  of  a  local  collision-free  path 
based  on  sensory  data  plays  an  important  role  in  the 
control  of  the  robot's  motion.  The  paper  presents  a 
novel  active  vision-based  approach  for  generating 
local  collision-free  paths  for  mobile  robot  navigation  in 
indoor  as  well  as  outdoor  environments.  Two  measur- 
able visual  motion  cues  that  provide  some  measure  for 
a  relative  change  in  range  as  well  clearance  between 
a  3D  surface  and  fixated  observed  in  motion  are  de- 
scribed. These  visual  cues  are  independent  of  the  3D 
environment  and  need  no  a-priori  knowledge  about  it. 
For  each  visual  motion  cue,  there  is  a  visual  field  sur- 
rounding the  moving  observer.  In  other  words,  there 
are  imaginary  3D  surfaces  attached  to  the  observer 
that  move  with  it,  each  of  which  correspond  to  a  value 
of  the  cue.  These  visual  fields  can  be  used  to  demar- 
cate regions  around  a  moving  observer  into  safe  and 
danger  zones  of  varying  degree  to  make  local  deci- 
sions about  the  sterring  as  well  as  speed  commands 
to  the  mobile  robot.  We  describe  a  practical  method 
to  extract  these  cues  from  a  sequence  of  images.  This 
approach  needs  no  feature  tracking  between  images 
and  almost  no  camera  calibration. 
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A  major  impediment  to  improving  the  performance  and 
functionality  of  machine  tools  is  the  limited  access  that 
users  or  third  parties  have  to  the  internals  of  the  ma- 
chine controller.  This  limit  has  suppressed  the  emer- 
gence of  a  community  of  third-party  vendors  who  could 
provide  a  wide  range  of  applications  at  competitive 
prices.  The  result  is  that  users  are  often  faced  with  all- 
or-nothing  compromises  when  choosing  controllers, 
and  are  restricted  to  the  original  controls  vendors  for 
everything  from  spare  parts  to  software.  Machine  tool 
users  would  benefit  from  an  open  architecture  that  can 
serve  as  both  a  target  for  innovative  third  party  product 
development,  and  as  a  specification  which  produces 
multiple  competitive  sources  for  interoperable  prod- 
ucts. The  National  Institute  of  Standards  and  Tech- 
nology has  initiated  a  project  which  will  demonstrate 
the  feasibility  of  open  architectures  for  machine  con- 
trol. This  project,  the  Enhanced  Machine  Controller 
(EMC),  has  selected  several  target  applications  which 
improve  the  accuracy  and  ease  of  use  of  machine  tool 
controllers:  selectable  look-and-feel,  tool  manage- 
ment, alternate  part  programming  languages,  spline- 
based  motion,  on-machine  inspection,  and  thermal- 
geometric  error  compensation. 
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In  machining  operations,  the  precision  of  the  workpiece 
dimensions  depends  on  the  accuracy  of  the  relative 
position  of  the  cutting  tool  and  the  workpiece.  Among 
the  key  factors  that  affect  the  accuracy  of  this  relative 
position  are  the  geometric  errors  of  the  machine  tool 
and  the  thermal  effects  on  these  geometric  errors.  Re- 
cent work  on  developing  models  to  predict  volumetric 
errors  on  NC  lathes  has  led  to  a  synthesis  technique 
that  combines  the  modeling  of  individual  axis  related 
geometric-thermal  components  by  way  of  a  rigid  body 
kinematic  model  to  produce  predicted  errors  in  the 
work  volume  of  the  machine.  An  alternative  method  of 
modeling  these  component  errors  is  described  in  this 
report.  Neural  network  computing  is  shown  to  be  a  via- 
ble technique  for  developing  mappings  between  ma- 
chine tool  component  error  measurements  and  the 
vector  consisting  of  both  a  component  slide  position 
and  the  temperature  state  of  the  machine  as  reported 
by  the  thermal  sensors.  The  conjugate  gradient  algo- 
rithm, used  to  compute  the  optimum  neural  network 
weights  for  the  machine  tool  error  components,  is  de- 
scribed. A  case  study  of  the  mapping  results  for  one 
component  error  of  an  actual  NC  lathe  is  given.  Finally, 
the  source  codes  for  the  neural  network  algorithm  and 
the  conjugate  gradient  algorithm  are  given  in 
FORTRAN. 
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In  order  to  use  a  computer  vision  system  for  high  accu- 
racy gaging,  the  intensity  array  reported  to  the  com- 
puter from  the  camera  must  correspond  closely  to  the 
geometry  of  the  part  to  be  measured.  To  verify  this  cor- 
respondence for  two  different  vision  systems,  a  num- 
ber of  tests  are  reported  and  discussed.  A  number  of 


effects  due  to  the  camera  sensor  geometry,  the  type 
of  edge  finder  employed,  the  thermal  properties  of  the 
camera,  and  the  interface  method  used  between  the 
camera  and  computer  are  explored. 
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Deviations  from  the  circular  shape  of  the  cutting  edge 
of  a  single-point  turning  tool  cause  form  errors  in  the 
workpiece  during  contour  cutting.  One  can  com- 
pensate for  these  tool-form  errors  by  determining  the 
size  of  the  effective  deviation  at  a  particular  instant  dur- 
ing cutting,  and  then  adjusting  the  position  of  the  cut- 
ting tool  accordingly.  An  algorithm  for  the  compensa- 
tion of  tool-nose-radius  errors  in  real  time  has  been  de- 
veloped and  implemented  on  a  CNC  turning  center.  A 
previously  developed  computer-vision-based  tool-in- 
spection system  is  used  to  determine  the  size  of  the 
deviations.  Information  from  this  system  is  fed  to  the 
error  compensation  computer  which  modifies  the  tool 
path  in  real  time.  Workpieces  were  cut  utilizing  the 
compensation  system  and  were  inspected  on  a  coordi- 
nate measuring  machine.  Significant  improvements  in 
workpiece  form  were  obtained. 

02,946 

PB95-152088       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (NEL), 
Gaithersburg,  MD.  Precision  Engineering  Div. 
Displacement  Method  for  Machine  Geometry  Cali- 
bration. 
Final  rept. 

G.  Zhang,  R.  Ouyang,  B.  Lu,  A.  Donmez,  B. 
Borchardt,  R.  Capparelli,  R.  Hocken,  and  R.  Veale. 
1988,  17p. 

Pub.  in  CIRP  Annals  38,  n1  17p  1988. 

Keywords:  "Displacement  measurement.  "Machine 
tools,  "Calibration,  Three  dimensional,  Error  analysis, 
Metrology,  Interferometry,  Reprints,  "Coordinate 
measuring  machines. 

It  is  shown  that  the  volumetric  errors  of  a  three-axis 
machine  tool  or  measuring  machine  can  be  determined 
by  measuring  the  displacement  error  along  22  lines  in 
the  machine  work  zone.  Pitch  and  yaw  are  derived 
from  measuring  the  displacement  error  on  two  parallel 
lines  for  each  axis.  The  squareness  and  straightness 
errors  are  determined  by  measuring  two  diagonals  and 
one  additional  line.  Roll  errors  are  derived  from  the 
straightness  errors  on  two  parallel  planes.  Formulae 
for  calculating  these  components  of  error  and  also  the 
three-dimensional  positioning  error  at  any  particular 
point  are  given.  Experiments  done  at  both  Tianjin  and 
NBS  show  that  this  method  simplifies  machine  calibra- 
tion, reduces  the  equipment  needed,  and  can  improve 
accuracy. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  has  conducted  a  study  of  United  States  Military 
Standard  MIL-STD-1312,  Fastener  Test  Methods.  Mili- 
tary Standard  MIL-STD-1312  is  a  unified  compilation 


of  over  35  individual  fastener  test  methods  for  deter- 
mining the  capability  of  fasteners  to  withstand  various 
environmental  and  mechanical  conditions  encountered 
in  service.  Each  of  the  individual  fastener  test  methods 
is  itself  a  fastener  test  standard,  and  is  designated  with 
its  own  document  number.  For  this  study,  only  selected 
test  methods  which  prescribe  certain  mechanical  tests 
for  fasteners  were  reviewed.  These  test  methods  were 
evaluated  and  recommendations  formulated  for  up- 
grading or  replacing  them  to  reflect  the  current  state- 
of-the-art. 
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Linear-resonant  compressors  with  flexure  springs  and 
clearance  seals  have  recently  been  developed  for  use 
in  long-life  Stirling  and  pulse  tube  refrigerators.  This 
paper  describes  a  set  of  equations  that  are  used  to  de- 
sign the  various  components  in  the  compressor  given 
specified  performance  criteria.  The  components  con- 
sidered are  the  moving-coil  linear  motor,  the  mass  of 
the  moving  components,  the  magnet  assembly,  the 
flexure  springs,  and  the  clearance  seals.  Both  radially 
and  axially  magnetized  magnets  are  analyzed  and  the 
criteria  for  selection  are  developed.  Methods  for  reduc- 
ing the  compressor  size  and  mass  are  discussed  as 
well  as  the  influence  of  the  stroke-to-diameter  ratio  on 
the  design  of  flexure  springs.  The  design  equations 
have  allowed  the  development  of  scaling  laws  for  linear 
motor  compressors  covering  a  wide  range  of  compres- 
sor sizes  from  3  watts  to  4  kilowatts. 
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A  revised  equation  for  computing  discharge  coeffi- 
cients in  orifice  meters  has  been  adopted  by  the  Amer- 
ican National  Standards  Institute  (ANSI).  The  empirical 
data  base  used  to  develop  this  equation  did  not  include 
gaseous  fluid  measurements  for  the  50  mm  orifice 
meter.  New  experimental  data  that  extend  the  Reyn- 
olds number  range  of  the  data  base  have  been  gen- 
erated using  nitrogen  gas  in  this  meter  size.  These  new 
data  are  compared  to  the  discharge  coefficients  cal- 
culated from  the  equation  and  to  the  original,  lower 
Reynolds  number  data.  The  comparisons  are  beta 
ratio  dependent,  but,  in  general,  the  comparisons  be- 
tween the  new  data  and  the  original  data  are  quite 
good  for  all  the  beta  ratios  tested.  Work  was  sponsored 
by  Gas  Research  Institute  (GRI). 
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By  using  a  stylus  instrument,  a  series  of  calibration  and 
check  standards,  and  calibration  and  uncertainty  cal- 
culation procedures,  we  have  calibrated  Rockwell  dia- 
mond indenters  with  traceability  to  fundamental  meas- 
urements. The  combined  measurement  uncertainties 
(95%)  of  the  calibration  are  less  than  1/10  of  the  toler- 
ance requirements  of  calibration  grade  Rockwell  dia- 
mond indenters.  Our  combined  measurement  uncer- 
tainties are:  +  or  -  0.4  micrometer  in  least  squares  ra- 
dius, +  or  -  0.01  deg  in  cone  angle,  and  +  or  -  0.023 
deg  in  holder  axis  alignment.  The  profile  deviation  from 
least  squares  radius  and  cone  flank  straightness  is 
also  calibrated.  Engineering  features  of  the  diamond 
indenter's  surface  finish,  such  as  surface  roughness, 
and  flat  or  sharp-shaped  spherical  tip  are  explored  and 
quantified. 
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Microform  calibrations  include  the  measurement  of 
complex  profile  forms  and  position  errors  of  microm- 
eter scale  in  combination  with  the  measurement  of  de- 
viations from  specified  profile  and  surface  texture  of 
profile  segments.  Tolerances  on  the  profile  form  are 
specified  and  may  correspond  geometrically  to  surface 
texture  parameters.  One  example  of  microform  calibra- 
tion is  the  calibration  of  Rockwell  diamond  indenters 
used  for  hardness  testing  of  materials.  Previously  re- 
ported measurement  techniques  do  not  meet  the  strin- 
gent microform  calibration  requirements  for  Rockwell 
diamond  indenters.  Inadequate  microform  calibration 
of  hardness  indenters  may  be  one  factor  resulting  in 
significant  interlaboratory  differences  in  results  from 
Rockwell  hardness  tests.  By  using  a  stylus  instrument, 
in  combination  with  a  series  of  calibration  and  check 
standards  and  calibration  and  measurement  uncer- 
tainty calculation  procedures,  we  have  calibrated 
Rockwell  diamond  indenters  in  accordance  with  the 
definitions  specified  in  ISO  and  ASTM  standards.  Our 
procedures  for  conducting  microform  calibration  yield 
total  measurement  uncertainties  less  than  ten  percent 
of  the  tolerance  values  specified  in  ISO  and  ASTM 
standards.  In  this  paper,  the  general  calibration  re- 
quirements, calibration  and  check  standards,  and  cali- 
bration and  uncertainty  procedures  that  we  use  in  per- 
forming microform  calibrations  are  introduced.  Some 
general  considerations  on  stylus  radius  correction, 
data  fitting,  calibration  traceability,  uncertainty  and  re- 
producibility are  also  discussed. 
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The  automated  control  of  machine-tool  accuracy  is  dis- 
cussed based  on  a  quality  architecture  that  is  being 
implemented  at  the  National  Institute  of  Standards  and 
Technology  (NIST)  under  the  Quality  in  Automation 
(QIA)  project.  The  quality  architecture  contains  three 
control  loops:  real-time,  process-intermittent,  and  post- 
process.  This  paper  highlights  the  post-process  loop, 
although  the  QIA  project  emphasizes  the  measure- 
ment and  control  of  process  variables  to  control  the 
quality  of  the  product,  post-process  dimensional  meas- 
urements of  the  finished  product  play  a  role  in  the  sys- 
tem and  may  be  used  for  correction  of  certain  vari- 
ables. The  strategy  for  the  post-process  loop  includes 


classification  schemes  for  the  adjustable  parameters 
in  the  system,  for  the  error  diagnostics,  and  for  the 
error  model  of  the  machine  tool. 
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This  report  looks  at  critical  research  needs  for  leading- 
edge  technology  developments  in  machining  and  pre- 
cision that  are  important  to  the  competitiveness  of  the 
US  discrete-part  industry.  Key  driving  forces  in  manu- 
facturing are  identified.  These  include  the  increased 
demand  for  higher  speed,  greater  flexibility,  greater 
precision,  automation,  advanced  materials,  and  the 
emergence  of  new  processes.  Infrastructural  develop- 
ments required  for  improvements  in  and  control  of 
manufacturing  precision  are  discussed.  Research 
challenges  in  machine  tool  characterization,  machine 
tool  performance  enhancement,  closed-loop  precision 
manufacturing,  process  modeling,  high  speed  machin- 
ing and  costs  of  precision  are  identified. 
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Single  point  diamond  turning  is  a  cost  effective  method 
of  fabricating  aspheric  and  specialty  optics.  Tool  wear 
is  a  major  limit  for  certain  materials.  The  range  of  appli- 
cations of  diamond  turning,  and  the  factors  to  consider 
in  selecting  an  optical  fabrication  strategy  are  re- 
viewed. 
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In  1989  the  administration  of  the  Charpy  V-Notch  Cer- 
tification Program  was  assumed  by  the  National  Insti- 
tute of  Standards  and  Technology.  The  United  States 
Army  originated  the  program  to  insure  the  measure- 
ment integrity  of  Charpy  V-notch  machines  across  the 
country.  The  program  has  been  operated  for  many 
years  using  candidate  machine  acceptance  limits 
which  can  possibly  be  traced  to  a  1955  paper  by  Dris- 
coll,  however,  the  original  statistical  justification  for 
using  these  acceptance  criteria  has  been  lost  or  never 
existed.  A  statistical  analysis  of  recent  certification  pro- 
gram data  indicates  that  the  existing  candidate  ma- 
chine acceptance  limits  should  be  modified.  In  this 
paper,  the  authors  will  discuss  and  justify  potential 
changes  to  candidate  machine  acceptance  limits. 
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The  critical  current  of  short  samples  of  HTS 
multifilamentary  conductor  and  ring-shaped  coils  has 
been  measured  at  helium  temperatures  with  varying 
magnetic  field  orientation  with  respect  to  the  conduc- 
tor. The  samples  and  coil  conductor  consist  of  a 
multifilamentary  composite  of  BSCCO-2223  filaments 
in  a  silver  matrix.  Short  conductor  samples  were  tested 
in  a  variable  temperature  system  with  up  to  8  T  back- 
ground field  using  a  sample  rotational  system.  Ring- 
shaped  coils  made  from  the  sample  type  of  conductor 
were  exposed  to  a  large  background  field  at  liquid  he- 
lium temperatures  and  critical  current  was  measured 
with  the  ring  located  at  various  axial  positions  within 
the  bore. 
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Current  Rockwell  C  hardness  scales  (HRC)  are  unified 
by  performance  comparisons.  Unless  a  reliable  metrol- 
ogy approach  is  used  for  the  direct  verification  of 
standard  hardness  machines  and  diamond  indenters, 
the  unified  hardness  scale  may  exhibit  a  systematic 
offset  from  the  true  value  of  the  harness  scale.  Based 
on  the  recently  developed  NIST  microform  calibration 
system,  a  metrology  approach  is  suggested  to  unify 
Rockwell  C  hardness  scales.  The  true  value  and  ref- 
erence-value scales  are  defined.  It  is  proposed  to  use 
the  reference  standards,  including  standard  hardness 
machines  and  NIST  standard-grade  Rockwell  diamond 
indenters,  to  create,  maintain,  and  reproduce  the  ref- 
erence-value scale  for  the  metrology-based  Rockwell 
hardness  standard  system,  and  to  overcome  the  sys- 
tematic offset  in  existing  performance-based  hardness 
scales. 
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Based  on  a  stylus  technique,  a  microform  calibration 
system  was  developed  at  NIST  for  the  direct  verifica- 
tion of  Rockwell  diamond  indenters.  The  least-squares 
radius  and  profile  deviations,  cone  angle  and  cone 
flank  straightness,  and  the  holder  axis  alignment  error 
can  be  calibrated  with  traceability  to  fundamental 
measurements.  The  calibration  requirements,  instru- 
ment setup,  calibration  and  check  standards,  calibra- 
tion and  uncertainty  procedure,  and  the  calibration  re- 
sults are  described.  Based  on  this  calibration  system, 
the  use  of  the  NIST  standard-grade  Rockwell  diamond 
indenters  is  also  suggested  for  the  establishment  of  the 
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reference-value  scale  for  a  metrology-based  Rockwell 
hardness  standard  system  and  for  the  unification  of 
Rockwell  hardness  standards. 
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An  integrated  inspection  system  for  improving  the  ac- 
curacy of  CNC  machine  tools  is  proposed.  The  sysem 
described  in  this  paper  emphasizes  the  integration  of 
the  on-machine  inspection  and  analysis  techniques 
with  the  information  coming  from  post-process  inspec- 
tion. The  proposed  system  utilizes  the  information  from 
both  post-process  and  on-machine  inspection  to  im- 
prove machine  performance  automatically.  Algorithms 
are  derived  for  analyzing  the  post-process  and  on-ma- 
chine inspection  data  to  identify  residual  systematic  er- 
rors and  relate  them  to  the  machine  performance.  Var- 
ious data  analysis  algorithms  and  techniques  are  com- 
pared. A  feature  comparison  approach  is  developed  to 
relate  the  dimensional  and  form  errors  of  a  manufac- 
tured workpiece  to  the  systematic  machine  tool  errors. 
Inverse  kinematics  technique  and  statistical  methods 
are  used  to  identify  and  characterize  the  contribution 
of  each  geometric  error  component.  A  self  tuning  algo- 
rithm is  also  proposed  to  fine  tune  the  geometric-ther- 
mal model. 
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The  report  describes  a  static  structural  analysis  of  a 
rigid  planar  platform  supported  by  elastic  legs.  The 
platform  deformations  are  computed  relative  to  a  spec- 
ified platform  position  and  orientation.  The  analysis 
considers  deformations  due  to  static  platform  loads, 
non-uniform  temperatures  of  the  legs,  and  manufactur- 
ing errors  of  each  leg  length.  The  model  was  devel- 
oped as  a  tool  to  assist  in  the  interpretation  of  metrol- 
ogy data  and  the  development  of  an  error  budget  for 
the  NIST  Octahedral  Hexapod  Milling  Machine. 
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The  intent  of  this  paper  is  to  call  attention  to  the  need 
for  greater  industry  participation  in  both  national  and 
international  standards  committees.  This  need  is  de- 
scribed by  giving  an  overview  of  U.S.  standardization 
by  the  voluntary  consensus-based  process  and  de- 
scribing some  of  the  benefits  of  participating  in  stand- 
ards-developing committees.  The  U.S.  National  Ma- 
chining Center  Standards  Committee  is  cited  as  an  ex- 
ample of  a  voluntary  consensus-based  process,  involv- 
ing cooperation  among  industry,  government  and  aca- 
demia. 
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An  idealized  database  for  tribology  is  described  that 
contains  numeric  data  with  characteristics  needed  for 
use  in  modeling  approaches  in  tribology.  Tribological 
data  on  materials  are  considered  in  detail,  and  other 
types  of  required  data  are  identified.  Testing  meth- 
odologies for  obtaining  data  are  examined.  Priority 
areas  for  future  work  in  data  gathering  and  data  eval- 
uation in  tribology  are  suggested. 
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The  tribological  characteristics  of  alpha-alumina  sliding 
on  a  similar  material  under  dry  sliding  conditions  are 
divided  into  four  distinct  regimes.  At  low  temperatures, 
T  <  200  C,  tribochemical  reactions  between  alumina 
surface  and  water  vapor  in  the  environment  control  the 
tribological  performance.  At  temperatures  above  800 
C,  formation  of  silicon  oxide  layers  on  the  wear  track, 
by  viscous  flow  and  diffusion  of  the  grain  boundary 
phase,  reduces  the  coefficient  of  friction  to  0.4;  and  the 
wear  coefficient  is  reduced  to  a  value  less  than 
.000001 .  The  results  of  the  wear  tests  and  observa- 
tions of  the  fundamental  mechanisms  controlling  the 
tribological  behavior  of  this  material  are  consolidated 
in  a  simple  wear  transition  diagram.  The  wear  transi- 
tion diagram  can  be  used  for  the  identification  of  wear 
mechanisms  and  the  transition  boundaries. 
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Micro-Raman,  back-scattered  by  Ar  ion  laser,  was 
used  to  study  the  tribochemical  reaction  of  copper  sur- 
face and  hexadecane  containing  0.4  weight  percent 
stearic  acid.  The  characteristic  Raman  signals  of  cu- 
pric stearate  at  1,547,  623,  288,  and  243 
wavenumbers  were  detected  during  the  reaction  and 
the  formation  of  cupric  stearate  confirmed.  The 
tribochemical  reaction  was  initiated  by  the  formation  of 
a  chemisorbed  stearic  acid  on  the  native  oxide  film  of 
the  copper  surface.  This  chemisorbed  stearic  acid  is 
in  the  form  of  monomer  and  is  approximately  per- 
pendicular to  the  copper  surface.  The  native  oxide  film 
is  necessary  for  this  chemisorption  to  occur.  Further 
wearing  of  the  surface  converts  the  chemisorbed  ste- 
aric acid  into  cupric  stearate. 
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The  ASME-Research  Committee  on  Tribology  has 
been  concerned  that  some  of  today's  engineering  stu- 
dents may  not  be  learning  enough  about  fundamentals 
of  tribology.  A  survey  of  engineering  schools  was  con- 
ducted to  assess  the  current  status  of  tribology  edu- 
cation at  universities.  The  survey  results  were  pre- 
sented and  discussed  at  a  panel  session  on  Tribology 
Education.  The  panel  consisted  of  an  invited  group  of 
distinguished  tribologists  representing  academia,  in- 
dustry, and  federal  government.  A  set  of  recommenda- 
tions was  prepared  based  on  the  presentations  and  the 
discussions  that  followed.  Since  only  a  small  fraction 
of  engineering  colleges  offer  any  treatments  on 
tribology  in  their  curricula,  it  is  recommended  that 
tribology  fundamentals  be  incorporated  in  the  course 
offerings  to  prepare  the  engineering  students  for  future 
advanced  technical  developments. 
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Wear  of  materials  is  controlled  by  asperity-asperity 
contacts.  Since  the  asperities  are  of  uneven  height,  the 
stresses  imposed  by  different  pairs  of  asperities  nec- 
essarily are  unequal.  When  two  surfaces  come  to- 
gether, there  is  a  distribution  of  the  contact  stresses. 
In  a  wear  experiment,  we  measure  wear  by  measuring 
the  cumulative  wear  across  the  interface  from  the  be- 
ginning of  the  experiment,  and  we  measure  friction  by 
measuring  the  average  friction  of  all  the  asperity  con- 
tacts across  the  interface  at  the  particular  instance  in 
time.  The  friction  and  wear  characteristics  at  the  asper- 
ity level  have  interested  the  tribology  community  for  a 
long  time.  Data  at  that  level,  however,  are  difficult  to 
obtain  and  the  conditions  that  lead  to  a  single  asperity 
wear  event  are  not  understood.  This  paper  describes 
the  design  and  construction  of  a  two-ball  collision  test 
apparatus  to  simulate  asperity  contacts.  Materials 
used  include  steels,  brass,  and  aluminum  of  different 
hardness  and  elasticity.  Dynamic  friction  and  wear  of 
the  collision  were  measured  under  dry,  paraffin  oil  lu- 
bricated conditions.  The  results  suggested  that  at  a  co- 
efficient of  0.4,  wear  of  the  asperity  contact  occurred. 
A  simple  plain  strain  model  confirmed  the  observations 
that  under  certain  conditions,  asperity  wear  should 
occur  at  a  coefficient  of  0.39. 
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A  tribometer  at  the  National  Institute  of  Standards  and 
Technology  in  Boulder,  Colorado  is  used  to  measure 
the  coefficient  of  friction  and  the  wear  rate  for  various 
specimens  in  a  controlled  atmosphere  of  oxygen  or 
non-corrosive  gas.  The  wide  range  of  demonstrated 
operating  temperature  of  80  to  1030  K  Is  presently  un- 
available in  any  commercial  apparatus.  The  machine 
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use  ball-on-flat  or  ring-on-flat  specimen  geometries  for 
comparison  of  conforming  and  non-conforming  con- 
tacts. The  apparatus  is  described  and  some  test  re- 
sults are  compared  with  known  values. 
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The  growth  of  the  plastics  industry  in  recent  years  has 
been  accompanied  with  a  significant  expansion  in  the 
outdoor  application  of  plastic  materials. 
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The  Report  contains  background  information  on  re- 
sources, activities,  and  representative  highlights  of  the 
Materials  Science  and  Engineering  Laboratory 
(MSEL).  The  report  includes  a  summary  of  the  strate- 
gic plan  of  MSEL  and  the  technical  areas  proposed  for 
future  emphasis. 
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The  article  explores  the  role  that  Federal  Laboratories 
can  play  in  addressing  the  area  of  materials  processing 
via  joint  technology  development  with  industry.  The 
discussion  includes  a  brief  description  of  the  Tech- 
nology Transfer  Act  of  1988  and  the  mechanism  of  Co- 
operative Research  and  Development  Agreements 
(CRADAS)  created  therein.  These  CRADAS  are  an 
ideal  vehicle  with  which  to  pursue  such  joint  technology 
development. 
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For  the  characterization  of  industrial  materials,  a  new 
diffraction  imaging  technique  is  proposed  and  applied 
to  obtain  direct  information  about  individual  grains  and 
their  size  and  shape  distributions  and,  in  turn,  strains 
in  materials.  Unlike  traditional  powder  diffractometry, 
the  highly  parallel  and  monochromatic  beam  available 
from  a  synchrotron  x-ray  source  is  employed  to  ob- 
serve and  measure  diffraction  images  from  individual 
grains  and  component  particles  in  consolidated  mate- 
rials prepared  by  various  processes.  Unlike  traditional 
diffractometry,  this  new  technique  provides  the  ability 
to  measure  shape,  size  and  strain  without  model  based 
analyses.  The  spatial  distribution  of  strain  within  indi- 
vidual grains,  displayed  as  a  diffraction  image 
(topograph),  indicates  the  presence  of  defects,  such  as 
dislocations,  subgrain  boundaries  and  precipitates, 
and  sheds  new  light  on  the  origins  of  residual  strains 
(stresses)  in  industrial  materials.  The  resolution  of  the 
imaging  system  used  is  limited  to  particles  1  microm- 
eter or  larger  due  to  diffraction  broadening  and  the  res- 
olution of  the  recording  medium. 
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The  subcritical  crack  growth  resistance  of  a  bend  bar 
is  investigated  for  a  group  of  brittle  materials  exhibiting 
strain-softening  behavior.  Based  on  a  nonlinear  con- 
stitutive law  ascribed  to  the  process  zone  ahead  of  the 
crack  tip  in  a  strain  gradient  field,  the  evolution  of  the 
process  zone  size,  crack  length  and  applied  load  is 
predicted  for  a  given  deformation  history.  The  results 
showed  that  the  crack  growth  resistance  or  toughness 
increases  to  a  peak,  then  decays  precipitously  to  zero 
as  the  crack  grows  towards  the  compressive  edge,  in 
qualitative  agreement  with  experimental  data.  The  fact 
that  the  K  value,  in  general,  never  reaches  a  plateau 
suggests  that  a  bend  bar  geometry  is  not  suitable  for 
K(sub  IC)  measurement. 
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This  workshop,  the  'First  NIST  Workshop  on 
Nanostructured  Materials,'  was  the  first  of  a  series  of 
workshops  on  the  synthesis,  characterization,  prop- 
erties, and  applications  of  nanostructured  materials  to 
be  held  every  three  years  at  NIST.  The  workshop  was 
organized  to  bring  together  people  from  industry,  fed- 


eral agencies,  and  universities  to:  (1 )  expedite  the  flow 
of  information  in  the  field,  (2)  identify  key  synthesis  and 
processing  methods  with  scalability  potential,  (3)  ac- 
quaint the  various  communities  with  the  unique  prop- 
erties of  nanostructured  materials,  (4)  assist  industry 
in  identifying  potential  application  areas,  and  (5)  iden- 
tify needed  areas  of  study.  The  workshop  also  was 
planned  because  of  the  recognition  that  in  order  for  the 
U.S.  to  take  advantage  of  the  promise  these  materials 
hold,  a  concerted  effort  in  this  area  is  needed  early. 
The  workshop  could  highlight  this  need  and  provide  di- 
rections for  a  concerted  effort.  Finally,  it  was  felt  that 
the  workshop  would  provide  NIST  with  additional  guid- 
ance in  directing  its  own  programmatic  initiative  in  the 
area. 
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The  magnetostriction  constant  lambda(sub  s)  includes 
a  combination  of  both  elastic  constants  C(sub  ij)  and 
magnetoelastic  coupling  constants  B(sub  i).  To  provide 
information  on  both  C(sub  ij)  and  B(sub  i),  a  method 
for  measurement  of  both  lambda(sub  s)  and  the  elastic 
modulus  Y  of  thin  films  has  been  developed  using  fer- 
romagnetic resonance  (FMR).  As  in  prior  FMR 
schemes  for  measuring  lambda(sub  s),  a  strain  is  pro- 
duced in  the  film  by  bending  the  substrate,  and  the  re- 
sulting anisotropy  field  is  measured.  However,  by  using 
a  triangular  polymer  beam  as  a  substrate,  three  impor- 
tant advantages  are  obtained  (1)  the  triangular  beam 
shape  has  uniform  strain  along  its  surface,  (2)  the  poly- 
mer material  supports  large  strains  (>  10(exp  -3))  with- 
out breaking,  and  (3)  the  low  elastic  modulus  of  the 
beam  allows  measurement  of  the  sample  elastic  mod- 
ulus through  variation  of  the  sample  aspect  ratio. 
Measurements  on  Ni  foils  yield  values  of  lambda(sub 
s)  and  Y  which  fall  within  the  scatter  of  literature  data. 
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Materials  databases  can  contain  widely  differing  data 
records  in  terms  of  the  size  and  number  of  data  ele- 
ments, depending  on  the  types  of  data.  Acceptance  of 
materials  databases  depends  on  user  interfaces  con- 
taining search  strategies  that  will  find  answers  to  que- 
ries as  needed  by  engineers  and  scientists.  The  paper 
will  outline  typical  access  paths  (search  strategies) 
from  three  points  of  view:  first,  simple  and  complex 
matching;  second,  specification  of  multiple  criteria;  and 
third,  search  refinement. 
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The  report  contains  background  information  on  the  vi- 
sion, mission,  priority-setting  process,  implementation 
and  organization  of  The  National  Institute  of  Standards 
and  Technology's  (NIST's)  Materials  Science  and  En- 
gineering Laboratory  (MSEL),  as  well  as  accomplish- 
ments and  impacts,  resources,  activities,  and  tech- 
nology transfer  for  the  Laboratory. 
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National  Inst,  of  Standards  and  Technology  (TS), 
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National  Voluntary  Laboratory  Accreditation  Pro- 
gram: Thermal  Insulation  Materials. 

Handbook. 

L.  I.  Knab.  May  95,  80p,  NIST/HB-150-15. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 

03354-5.  See  also  PB88-152541. 

Keywords:  'Thermal  insulation,  'Insulating  materials, 
'Laboratories,  Materials  testing,  Test  methods,  Re- 
quirements, Certification,  Procedures,  Calibration 
standards,  Standardization,  Equipment,  Management, 
Auditing,  Personnel,  NVLAP(National  Voluntary  Lab- 
oratory Accreditation  Program). 

NIST  Handbook  150-15  presents  the  technical  require- 
ments of  the  National  Voluntary  Laboratory  Accredita- 
tion Program  (NVLAP)  for  Thermal  Insulation  Mate- 
rials. It  is  intended  for  information  and  use  by  staff  of 
accredited  laboratories,  those  laboratories  seeking  ac- 
creditation, other  laboratory  accreditation  systems, 
users  of  laboratory  services,  and  others  needing  infor- 
mation on  the  requirements  for  accreditation  under  the 
Thermal  Insulation  Materials  program. 
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Glimpse  of  Materials  Research  in  China:  A  Report 
from  an  Interagency  Study  Team  on  Materials  Visit- 
ing China  from  June  19,1 995  to  June  30, 1 995. 

Special  pub. 

S.  M.  Hsu,  and  L.  H.  Schwartz.  Sep  95,  233p,  NIST/ 
SP-893. 

Portions  of  text  in  Chinese.  Also  available  from  Supt. 
of  Docs,  as  SN003-003-03370-7. 

Keywords:  'Materials,  'Research  programs,  'China, 
International  cooperation,  Research  and  development, 
Electronics,  Polymers,  Electrooptics,  Semiconductor 
devices,  Ceramics,  Tribology,  Universities,  'Foreign 
technology. 

During  the  period  June  16,  1995  to  June  30,  1995,  an 
interagency  delegation  of  materials  scientists  from  the 
Department  of  Commerce  (DOC),  Department  of  En- 
ergy (DOE),  National  Aeronautical  and  Space  Adminis- 
tration (NASA),  and  the  National  Science  Foundation 
(NSF)  visited  China  and  Hong  Kong  to  explore  areas 
for  possible  cooperation  in  materials  research  between 
the  two  countries  under  the  general  science  and  tech- 
nology agreement.  Recognizing  the  daunting  task  of 
assessing  the  state-of-the-art  in  a  nation  with  so  vast 
a  scientific  and  academic  structure  as  China,  the  study 
team's  itinerary  was  organized  to  split  into  four  smaller 
teams  which  began  together  in  Beijing,  spread  out  to 
visit  separate  locations  and  then  met  again  in  Shang- 
hai. The  visit  ended  at  the  Hong  Kong  University  of 
Science  and  Technology  (HKUST)  which  graciously 
provided  facilities  for  the  drafting  of  this  report.  The  itin- 
eraries of  these  four  teams  (Appendix  E)  allowed  for 
visits  to  30  institutions  in  a  period  of  a  week  and  one 
half.  Reports  describing  each  of  these  visits  are  as- 
sembled in  Appendix  F,  and  should  be  referred  to  for 
detailed  description. 
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Keywords:  'Alloys,  'Phase  separation,  "Phase  order- 
ing, Reprints,  Equations,  Binary  alloys,  Allen-Cahn 
equations,  Cahn-Hilliard  equations. 

The  authors  explore  two  phenomenological  ap- 
proaches leading  to  systems  of  coupled  Cahn-Hilliard 
and  Cahn-Allen  equations  for  describing  the  dynamics 
of  systems  which  can  undergo  first-order  phase  sepa- 
ration and  order-disorder  transitions  simulateneously, 
starting  from  the  same  discrete  lattice  free  energy  func- 
tion. In  the  first  approach,  a  quasicontinuum  fimit  is 
taken  for  this  discrete  energy  and  the  evolution  of  the 
system  is  then  assumed  to  be  given  by  gradient  flow. 
In  the  second  approach,  a  discrete  set  of  gradient  flow 
evolution  equations  is  derived  for  the  lattice  dynamics 
and  a  quasicontinuum  limit  is  then  taken.  The  authors 
demonstrate  in  the  context  of  BCC  Fe-AI  binary  alloys 
that  it  is  important  that  variables  be  chosen  that  accom- 
modate the  variations  in  the  average  concentration  as 
well  as  the  underlying  ordered  structure  of  the  possible 
coexistent  phases.  Only  then  will  the  two  approaches 
lead  to  roughly  the  same  continuum  descriptions. 
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Keywords:  'Materials  science,  'Neutron  activation 
analysis,  Neutrons,  Reprints,  Depth  profiling,  Diffrac- 
tion, Inelastic  scattering,  Reflectometry,  'Foreign  tech- 
nology. 

Thermal  and  cold  neutron  probes  provide  researchers 
in  such  fields  as  materials  science,  physics,  chemistry, 
and  biology  information  that  often  can  be  obtained  by 
no  other  means.  The  main  focus  of  this  paper  will  be 
on  recent  studies  at  NIST  which  illustrate  how  thermal 
and  cold  neutrons  are  utilized  for  materials  research. 


02,981 

PB96-1 36981        PC  A08/MF  A02 
National  Inst,  of  Standards  and  Technology  (MSEL), 
Gaithersburg,  MD.  Metallurgy  Div. 
Metallurgy  Technical  Activities  1 994  (NAS-NRC  As- 
sessment Panel,  April  6-7, 1995). 
E.  N.  Pugh,  and  S.  C.  Hardy.  1995,  151p,  NISTIR- 
5582. 
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'Research  projects,  Government/industry  relations, 
Metal  matrix  composites,  Intermetallics, 
Superconductors,  Corrosion,  Electrodeposition,  Me- 
chanical properties,  Magnetic  materials,  High  tempera- 
ture, Advanced  materials,  National  Institute  of  Stand- 
ards and  Technology. 

This  report  summarizes  the  FY  1994  activities  of  the 
Metallurgy  Division,  National  Institute  of  Standards  and 
Technology  (NIST).  These  activities  center  on  struc- 
ture-processing-properties relations  of  metals  and  al- 
loys, on  methods  of  measurement,  and  on  the  genera- 
tion and  evaluation  of  critical  materials  data.  Efforts 
comprise  studies  of  metals  processing  and  process 
sensors;  advanced  materials  -  including  metal  matrix 
composites,  intermetallic  alloys,  and  superconductors; 
corrosion  and  electrodeposition;  mechanical  prop- 
erties; magnetic  materials;  and  high  temperature  reac- 
tions. 
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The  microstructural  changes  in  oxygen  implanted  sili- 
con-on-insulator  material  (SIMOX)  at  intermediate  an- 


nealing steps  and  the  changes  by  rapid  thermal  an- 
nealing (RTA)  were  studied  with  transmission  electron 
microscopy.  Defects  found  in  as-implanted  SIMOX,  in- 
cluding multiply  faulted  defects,  short  stacking  faults, 
and  (113)  defects,  were  all  removed  in  anneals  from 
900  degrees  C  to  1100  degrees  C.  The  threading  dis- 
locations in  annealed  materials  from  at  these  tempera- 
tures during  thermal  ramping.  RTA  shows  that  the 
microstructure  is  significantly  influenced  by  the  ramp 
rate.  The  very  high  ramp  rate  in  RTA  results  in  very 
flat  interfaces  and  a  buried  oxide  layer  with  no  Si  is- 
lands, but  significantly  increases  the  defect  density. 
Overall,  the  results  show  that  intermediate  thermal 
processing  steps  strongly  affect  the  final 
microstructure  of  SIMOX  material. 


02,983 

PB96-1 60262       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Gaithersburg,  MD.  Semiconductor  Electronics  Div. 

Interface  Roughness,  Composition,  and  Alloying 

of  Low-Order  AlAs/GaAs  Superlattices  Studies  by 

X-ray  Diffraction. 

Final  rept. 

W.  R.  Miller,  J.  G.  Pellegrino,  and  J.  Comas.  1993, 
6p. 

Pub.  in  Proceedings  of  the  Materials  Research  Society 
Symposium,  1 992,  v280  p265-270  1 993. 

Keywords:  'Interface  roughness,  Superlattices,  Re- 
prints, *X  ray  diffractometry,  AlAs/GaAs, 
Heterostructures,  Migration  enhanced  epitaxy. 

Low-order,  monolayer  by  monolayer  (1x1)  AlAs/GaAs 
superlattices  grown  by  MBE  using  different  growth 
techniques  have  been  studied  by  X-ray  diffractometry. 
High-resolution  multiple-crystal  diffractometry  was 
used  to  study  diffraction  features  near  the  (004)  peaks 
due  to  the  substrate  and  epilayers.  Using  this  tech- 
nique, we  have  investigated  the  effect  of  growth  tech- 
niques on  the  strain  and  tilt  of  the  superlattices.  High- 
resolution  X-ray  diffraction  (HRXRD)  results  suggest 
that  the  sample  grown  by  migration-enhanced  epitaxy 
(MEE)  is  more  highly  strained  and  has  more  tilt  than 
the  same  superlattice  sample  grown  using  the  inter- 
rupted growth  (IG)  technique. 
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A  numerical  calculation  method  for  determining  the 
resolution  functions  for  radially  symmetric  collimation 
and  scattering  is  described.  In  the  present  approach, 
the  total  number  of  integrations  is  reduced  to  four  by 
use  of  the  radial  symmetry  of  the  geometry. 
Futhermore,  the  beam-stop  shadowing  effect  is  in- 
cluded exactly.  A  typical  calculation  can  be  completed 
in  minutes  on  current  personal  computers.  An  inter- 
active computer  program  allows  the  user  to  enter  the 
experimental  parameters  such  as  aperture  size  and 
wavelength  spread,  allowing  smearing  calculations  to 
be  handled  rountinely  as  a  'black  box'  operation.  The 
exact  smearing  treatment  is  compared  both  to  an  im- 
proved technique  involving  Gaussian  resolution  func- 
tions where  corrections  for  the  beam  stop  are  included 
and  to  results  from  Monte  Carlo  simulations.  In  most 
experiments,  the  use  of  a  Gaussian  distribution  to  ap- 
proximate the  resolution  is  preferred  on  account  of  its 
ease  of  calculation.  But  in  a  few  cases,  such  as  Porod 
scattering,  the  present  more  extensive  numerical  cal- 
culation or  inclusion  of  the  developed  beam-stop-shad- 
owing correction  factors  into  a  Gaussian  scheme  are 
needed  for  an  adequate  prediction  of  the  smearing  ef- 
fects. 
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A  method  for  calculating  a  lattice  statics  Green's  func- 
tion is  described  for  a  bimaterial  lattice  or  a  bicrystal 
containing  a  plane  interface.  The  method  involves  cre- 
ation of  two  half  space  lattices  containing  free  surfaces 
and  then  joining  them  to  form  a  bicrystal.  The  two  half 
space  lattices  may  have  different  structures  as  in  a  two 
phase  bicrystal  or  may  be  of  the  same  type  but  joined 
at  different  orientations  to  form  a  grain  boundary  inter- 
face. The  method  is  quite  general  but,  in  this  paper, 
has  been  applied  only  to  a  simple  model  bicrystal 
formed  by  two  simple  cubic  lattices  with  nearest  neigh- 
bor interactions.  The  bimaterial  Green's  function  is 
modified  to  account  for  an  interfacial  crack  which  is 
used  to  calculate  the  displacement  field  due  to  an  ap- 
plied external  force.  It  is  found  that  the  displacement 
field,  as  predicted  by  the  lattice  theory,  does  not  have 
the  unphysical  oscillations  predicted  by  the  continuum 
theory. 
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Interrelations  between  flaw  tolerance  and  reliability  in 
Y-TZP,  Ce-TZP  and  Mg-PSZ  ceramics  are  inves- 
tigated. Indentation-strength  tests  indicate  an  en- 
hanced flaw  tolerance  with  increasing  R-curve  behav- 
iour from  tetragonal  goes  to  martensite  transformation. 
The  Weibull  modulus  of  unindented  specimens  in- 
creases with  the  enhanced  tolerance.  However,  even 
the  most  tolerant  zirconias  show  persistent  scatter  in 
strength,  implying  that  variability  in  material 
microstructure  may  be  as  important  a  factor  in  reliabil- 
ity evaluation  in  these  materials  as  variability  in  flaw 
size. 
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A  claim  is  made  that  analysis  will  remain  important  and 
become  a  useful  ally  in  helping  computational  mate- 
rials science  live  up  to  its  ultimate  potential.  Examples 
are  given  in  the  mechanical  properties  area  where  nu- 
merical simulations  have  been  able  to  parameterize 
and  mark  out  areas  of  validity  for  elasticity  theory.  The 
important  role  of  developing  asymptomic  paths  from 
one  level  or  category  of  theory  to  another  is  discussed. 
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Fracture  in  multilayers  is  a  subject  about  which  very 
little  is  known.  One  of  the  only  papers  on  the  mecha- 
nisms of  interfacial  fracture  of  multilayers  at  the 
microstructural  scale  is  that  by  Hirth  and  Evans.  Gen- 
eral references  to  the  experimental  literature  are  given 
in  the  paper  by  Lashmore  and  Foecke  in  this  series. 
The  main  thrust  of  this  paper,  however,  will  be  the  dis- 
cussion and  interpretation  of  a  single  observation  of  an 
interfacial  crack  in  a  Cu/Ni  multilayer  by  Lashmore,  and 
since  the  theory  is  so  little  developed,  the  authors  will 


often  be  projecting  what  the  authors  know  about 
interfacial  cracking  into  the  multilayer  world.  For  pres- 
entation of  the  results  by  Lashmore,  again,  see  the 
paper  in  this  series  by  lashmore  and  Foecke.  Some 
preliminary  interpretation  of  this  micrograph  is  reported 
in  Reference,  based  on  extrapolation  from  dislocation 
emission  theory  in  homogeneous  solids.  It  was  sug- 
gested there  that  the  fracture  toughness  of  multilayers 
may  be  higher  than  in  the  corresponding  homo- 
geneous materials  because  emitted  dislocations  will 
shield  the  crack  more  forcefully  due  to  the  limited  mo- 
bility of  shielding  glide  dislocations  in  the  multilayer. 
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In  this  paper,  the  authors  have  demonstrated  that  very 
perfect  thin  multilayers  of  the  Cu/Ni  system  can  be  pre- 
pared with  coherent  interfaces  if  the  layer  modulation 
wavelength  is  in  the  10  nm  range.  At  modulation  thick- 
ness above  about  60  nm,  the  interfaces  become  inco- 
herent. The  authors  have  injected  a  crack  into  a  coher- 
ent interface  in  the  10  nm  case  which  has  generated 
dislocations  into  the  interface  forming  the  crack  plane, 
as  well  as  into  the  layers  adjacent  to  the  crack  plane. 
The  dislocations  injected  into  the  crack  plane  presum- 
ably from  misfit  dislocations  on  that  interface,  and  are 
grouped  so  close  to  the  crack  tip  that  individual  disloca- 
tions are  not  completely  imaged.  The  dislocations  in- 
jected into  the  adjacent  layers  are  distributed  rather 
widely.  The  authors  have  analyzed  the  dislocation 
emission  from  a  crack  in  the  fee  geometry  appropriate 
to  the  multilayers  using  a  simplified  elastic  theory  de- 
veloped for  cracks  in  homogeneous  materials.  The 
mixed  mode  loading  which  the  misfit  stresses  are  ex- 
pected to  produce  lead  one  to  expect  these  materials 
to  be  ductile  and  to  have  high  toughness.  Very  high 
dislocation  densities  on  the  crack  plane  near  the  crack, 
however,  may  lead  to  a  brittle  mode  of  failure,  which 
is  beyond  the  purview  of  the  elastic  theory.  The  dis- 
locations are  observed  to  have  strong  interactions  with 
alternating  interfaces  in  the  multilayers,  and  this  effect 
could  be  due  to  elastic  bunching  of  the  dislocations  at 
alternating  interfaces  caused  by  the  misfit  stress. 
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Using  a  method  used  mainly  by  geophysicists  for  small 
specimens-acoustic-resonance  spectroscopy  (ARS)- 
we  measured  the  elastic-stiffness  constants  of  centi- 
meter-size copper  specimens  with  rectangular-paral- 
lelepiped shapes.  The  polycrystal  consisted  of  heavily 
twinned  75-micromoles  crystallites.  From  the  speci- 
mens' macroscopic  resonance-vibration  frequencies 
(midkilohertz  to  low-megahertz),  we  calculated  the 
least-squares  elastic-stiffness  coefficients,  two  and 
three  for  the  two  cases.  Using  the  same  specimens, 
we  augmented  the  ARS  measurements  with  conven- 
tional pulse-echo-method  measurements.  Using  rod 
specimens,  we  measured  the  Young  modulus  E  and 
torsional  modulus  G,  and  we  calculated  the  bulk  modu- 
lus B.  The  less  direct  and  less  familiar  ARS  method 
gives  the  same  results  as  a  usual  pulse-echo  method 
and  a  rod-resonance  method. 
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A  scanning  tunneling  microscope  (STM)  has  been 
used  to  study  the  topology  of  the  surfaces  of  a  series 
of  thin  hydrogenated  amorphous  silicon  (a-Si:H)  films 
deposited  by  rf  discharge  from  pure  silane.  The  sub- 
strates were  atomically  flat,  oxide-free,  single-crystal 
Si(1 00).  Films  were  grown  in  our  laboratory  and  trans- 
ferred to  the  STM  with  no  air  exposure  between  growth 
and  measurement.  A  series  of  thin  films  between  1  and 
50  nm  in  thickness  reveals  the  initial  growth  stage  of 
a-Si:H  on  Si(100).  Initial  nucleation  and  islanding  can 
be  seen  on  these  films.  The  surface  has  a  distribution 
of  island  sizes.  The  rms  roughness  and  a  surface  lat- 
eral correlation  length  were  measured  as  functions  of 
film  thickness.  The  rms  roughness  grows  sublinearly 
with  thickness  from  0.3-0.5  nm  as  the  film  thickness 
is  raised  from  1  to  50  nm.  The  lateral  size  of  the  surface 
features  also  grows  with  film  thickness.  The  growth  of 
the  roughness  and  correlation  length  can  be  compared 
with  the  dynamic  scaling  model.  In  addition,  the 
topographs  reveal  occasional  structures  of  larger  size 
and  low  density  on  the  film  surface.  These  structures 
are  nanoparticles  of  silicon  deposited  from  the  plasma 
during  film  growth.  The  frequency  of  these  features 
scales  with  film  thickness,  and  represents  10  to  the 
minus  5th  power  -  10  to  the  minus  4th  power  of  the 
total  film  volume. 
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The  authors  discuss  the  design  of  a  new 
backscattering  spectrometer  to  be  installed  at  the  Cold 
Neutron  Research  Facility  at  the  National  Institute  of 
Standards  and  Technology.  Si  (111)  crystals  cover 
both  monochromator  and  analyzer  which  are  spheri- 
cally bent  to  a  radius  of  curvature  of  approxmately  2 
m  to  focus  the  incident  and  scattered  neutron  beams. 
The  bending  increases  the  intrinsic  lattice  gradient  of 
Si  beyond  its  Darwin  limit,  resulting  in  an  energy  reso- 
lution of  approximately  0.75  mueV  FWHM.  The 
monochromator  is  Doppler-driven,  allowing  users  ac- 
cess to  a  dynamic  range  of  plus  or  minus  60  mueV. 
The  elastic  Q-range  covers  0.15  to  1.8  Angstroms  to 
the  minus  one  power.  The  most  novel  aspect  of  this 
design  lies  in  the  incorporation  of  a  phase-space  trans- 
form chopper.  This  device  rotates  at  4700  rpm  while 
neutrons  are  Bragg-diffracted  from  sets  of  pyrolytic 
graphite  crystals  affixed  to  its  periphery.  The  process 
enhances  the  neutron  flux  at  the  backscattering  energy 
of  2.08  meV,  but  at  the  expense  of  a  larger  horizontal 
divergence.  Computer  simulations  indicate  a  resultant 
flux  increase  of  order  3  should  be  obtained. 
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The  responses  of  internal  cracks  at  recontacted  mica 
interface  to  change  in  external  humidity  are  reported 
and  analyzed.  Cracks  on  interfaces  reformed  in  lattice 
registry  remain  effectively  stationary;  cracks  formed  at 
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interfaces  with  a  twist  misorientation  expand  and  con- 
tract reversibly  with  increasing  and  decreasing  humid- 
ity. The  results  indicate  that  the  internal  cracks  in  the 
misoriented  configuration  are  accessible  to  atmos- 
pheric water,  which  diffuses  along  the  dilated  interface 
and  lowers  the  interface  energy,  but  remain  impervious 
to  other  constituent  molecules  of  air. 
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Organic-inorganic  interpenetrating  polymer  networks 
were  synthesized  with  an  Si02  phase  made  by  sol-gel 
chemistry  and  the  organic  phase  made  from  poly(2- 
hydroxyethyl  acrylate).  The  resultant  morphologies 
were  characterized  by  small-angle  scattering  and  elec- 
tron microscopy.  When  the  vinyl  polymerization  is 
more  rapid  than  the  sol-gel  reaction,  gross  phase  sep- 
aration occurs  giving  a  heterogeneous  structure.  For 
comparable  rates  of  the  two  polymerizations,  the 
specimens  have  a  dendritic  morphology  on  the  scale 
of  0.5  micro  m.  The  more  rapid  formation  of  the  silica 
phase  relative  to  the  organic  network  produces  rigid 
and  optically  transparent  materials,  with  a  finely  di- 
vided structure  as  seen  by  transmission  electron  mi- 
croscopy. The  glass  content  of  these  materials  is  about 
0.15  g/g  and  the  sizes  of  the  Si02-rich  domains  are 
100  Angstroms  or  less.  Addition  of  tetrakis(2- 
(acryloxy)ethoxy)silane  was  also  studied  and  found  to 
promote  phase  mixing  between  the  organic  and  inor- 
ganic phases. 
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Synthetic  calcium  hydroxyapatites  (HA's)  have,  in  gen- 
eral, excellent  biocompatibility  with  tooth  and  bone  tis- 
sues, and  they  are  frequently  used  as  biomedical  ma- 
terials. The  properties  of  synthetic  HA's  depend  strong- 
ly on  preparative  conditions.  They  are  well  known  to 
be  variable  and  the  composition  deviates  from  the  stoi- 
chiometric HA  formula.  Ca10(POa)6(OH)2,  that  com- 
prises the  unit-cell  content.  In  order  to  properly  charac- 
terize these  HA's,  accurate  determinations  of  complete 
chemical  composition,  unit-cell  parameters,  solubility, 
surface  area,  crystallinity,  etc.,  are  needed.  The  focus 
of  this  paper  is  on  the  procedures  and  methods  for  ac- 
curate and  precise  determinations  of  two  important  pa- 
rameters, the  Ca/P  molar  ratio  and  solubility  product, 
of  a  HA  that  was  prepared  and  characterized  in  the 
author's  group  for  use  as  a  HA  reference  material  (HA- 
RM). 
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A  self-consistent  solution  for  continuum-slit  Barenblatt 
cracks  with  interactive  chemistry  is  presented.  Environ- 
mental species  entering  the  crack  mouth  are  limited  in 


their  transport  along  the  ever-narrowing  interface  by 
molecular  size  restrictions.  The  ensuing  cohesion  zone 
behind  the  tip  consists  of  three  regions:  an  extended 
far  region  of  weak  solid-fluid-solid  attraction;  a  small 
intermediate  region  of  strong  solid-fluid-solid  repulsion; 
and  an  exclusinary  near-tip  intrinsic  region  of  strong 
solid-solid  attraction.  To  facilitate  an  analytical  solution 
of  the  equations  for  the  crack-opening  displacements, 
the  cohesion  stresses  are  taken  to  be  uniformly  distrib- 
uted within  each  of  these  zones.  The  magnitudes  of 
these  stresses  are  expressed  in  terms  of  the 
intersurface  energies  that  define  equilibrium  crack 
states,  for  virgin  and  healed  interfaces.  Illustrative  cal- 
culations of  the  crack  profiles  are  given  for  the  well- 
documented  mica-water  system.  It  is  shown  that  the 
penetrating  species  cause  a  significant  local  bulge  in 
the  repulsion  region,  consistent  with  Thomson's  picture 
of  a  molecular  wedge. 
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The  equilibrium  states  of  internal  penny  cracks  at  inter- 
faces in  thin-sheet  bodies  are  investigated.  Consider- 
ation is  given  to  cracks  held  open  by  a  center-loading 
force  from  an  entrapped  particle  in  combination  with 
a  uniform  pressure  from  a  fixed  mass  of  entrapped 
gas.  A  fracture  mechanics  analysis  indicates  that 
under  these  conditions  the  crack  are  stable,  but  are 
amendable  to  growth  from  an  enhancement  in  net 
pressure  (increase  in  internal  pressure  or  decrease  in 
external  pressure)  or  effective  particle  size.  Essential 
details  of  the  theory  are  confirmed  by  experiments  on 
linticular  crack  at  healed  interfaces  in  muscovite  mica. 
The  results  are  pertinent  to  flaw  responses  in  brittle  ce- 
ramic systems  where  structural  integrity  is  an  issue. 
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Broadband  infrared  filters  with  uniform  spectral  trans- 
mittance  are  used  for  spectrometer  calibration  and 
other  applications.  However,  commercially  available 
neutral-density  filters  with  optical  density  (OD)  greater 
than  2  exhibit  significant  variations  in  OD  over  the 
wavelength  region  from  2  micrometers  to  25  microm- 
eters. In  this  work,  the  authors  found  a  single-layer 
alloy  film  that,  for  appropriate  thicknesses,  yields  a  flat 
transmittance  for  OD  near  3  and  4.  The  transmittance 
and  reflectance  of  the  filters  were  measured  using  a 
Fourier-transform  infrared  spectrometer.  The  optical 
constants  of  the  alloy  films  were  obtained  from  trans- 
mittance and  reflectance  measurements,  which  can  be 
used  for  future  design  optimization. 
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One  of  the  pressing  topics  of  discussion  at  the  1995 
meeting  of  the  Biomaterials  Society  Standards  Com- 
mittee (SC)  was  the  need  for  Reference  Materials 
(RMs).  As  discussions  proceeded,  however,  it  became 
apparent  that  some  members  of  the  SC  were  unaware 
of  the  different  kinds  of  RMs  that  can  be  obtained  and 
that  the  significance  of  their  differences  lies  in  their  in- 
tended applications.  This  situation  is  not  unique  to  SC 
members;  it  appears  to  be  prevalent  to  varying  de- 
grees throughout  the  scientific  and  engineering  com- 
munity, including  the  Biomaterials  Society  at  large.  The 
fact  is  that  there  are  two  classifications  of  reference 
materials,  readily  distinguished  by  their  definitions, 
which  prescribe  the  kind  of  technical  information  that 
is  supplied  with  them  when  they  are  acquired. 
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Inelastic  neutron  scattering  methods  were  used  in  con- 
junction with  Raman  spectroscopy  to  probe  the  vibra- 
tional density  of  states  of  the  hydrofluorocarbons 
(HFCs)  134  (HF2C-CF2H)  and  134a  (F3C-CFH2)  ad- 
sorbed in  the  cages  of  dehydrated  Na-X  zeolite.  A 
comparison  of  the  vibrational  spectra  of  the  encaged 
HFC  species  with  those  of  their  gas-phase  analogs  in- 
dicates that  the  HFCs  adsorb  nondissociatively  at 
room  temperature  and  are  most  likely  associated  with 
Na  cations  in  the  supercages  at  the  Sm  sites.  Guest- 
hose  interactions  are  manifested  by  adsorption-in- 
duced perturbations  of  the  gas-phase  torsional  and  C- 
H  stretching  vibrations  and  the  presence  of  additional 
features  presumably  due  to  low-energy  whole-mol- 
ecule vibrations  and  adsorbate-coupled  zeolite  frame- 
work vibrations.  Moreover,  although  the  134  trans  con- 
former  is  favored  by  5  kJ/mole  in  the  gas  phase  at  300 
K,  the  gauche  conformer  seems  to  be  more  prevalent 
in  the  zeolite  at  this  temperature  and  below.  This  sug- 
gests that  a  sizeable  fraction  of  the  Na-X  adsorption 
sites  provides  a  stabilizing  configuration  for  the  other- 
wise higher-energy  gauche  conformation,  perhaps  due 
to  hydrogen-bonding  interactions  with  the  zeolite 
framework. 
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The  paper  describes  nonstandard  methods  of  testing 
Charpy  specimens  at  4  K.  We  show  that  the  initial  tem- 
perature can  be  achieved  using  a  helium  flow  method 
with  U-type  as  well  as  C-type  machines.  Unfortunately, 
heating  during  impact  loading  weakens  the  correlation 
with  quasistatic  fracture  toughness  parameters.  Alter- 
native test  procedures  using  fatigue  precracked  speci- 
mens were  not  fully  satisfactory,  either:  (1)  Precracking 
reduces  the  impact  energy  by  35-54%,  but  the  speci- 
men heating  is  still  significant;  (2)  slow  bending  curtails 
the  heating  most  effectively,  but  then  the  desired  sim- 
plicity of  a  screening  test  is  lost. 
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The  report  describes  the  technical  activities  of  the  Met- 
allurgy Division  in  1995.  The  format  this  year  is  dif- 
ferent from  that  in  preceding  years  in  that  the  descrip- 
tions of  the  Division's  projects  are  grouped  under  major 
Materials  Science  and  Engineering  Laboratory  (MSEL) 
program  rather  than  under  specific  Groups.  Partial 
Table  of  Contents:  Intelligent  Processing  of  Materials; 
High-Tc  Superconductivity;  Electronic  Packaging  and 
Interconnection;  Nanostructured  Materials;  Dental  and 
Medical  Materials;  MSEL  Other;  Metals  Processing; 
Metals  Data  and  Characterization. 
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Dislocations  in  the  misfit  epitaxial  film  system 
lnO.25GaO.75As  on  GaAs(001)  were  imaged  using  a 
modified  electron  channeling  contrast  technique  in  a 
LaB6  SEM.  We  obtained  images  at  an  incident  beam 
energy  of  30  KeV,  a  beam  divergence  of  less  than  1 
mrad  and  a  specimen  tilt  of  70  degrees  in  conjunction 
with  a  movable  scintillator  detector  mounted  at  a  take- 
off angle  of  approximately  3  degrees  to  5  degrees.  We 
achieved  a  spatial  resolution  of  approximately  80  to 
100  nm  with  this  technique.  Such  resolution  allowed 
rapid  imaging  of  clusters  consisting  of  only  a  few  close- 
ly spaced  dislocations  in  a  55  nm  thick  film.  At  such 
small  film  thicknesses,  we  did  not  require  accurate 
knowledge  of  the  incident  beam  direction  in  order  to 
obtain  sufficiently  strong  channeling  contrast  for  quali- 
tative characterization.  The  observed  defect  arrange- 
ments included  features  that  we  believe  represent 
clustered  threading  segments. 
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We  analyze  theoretically  the  effect  of  microcracks  and 
voids  on  the  apparent  elastic  constants  of 
polycrystalline  YBa2Cu307.  Using  measurements  by 
Holcomb  and  Mayo,  we  calculate  crack  density  and 
crack  aspect  ratio.  We  obtain  reasonable  intrinsic  elas- 
tic constants.  For  the  bulk  modulus,  for  example,  we 
predict  values  close  to  these  obtained  by  neutron-dif- 
fraction studies:  123  GPa  for  a  polycrystal  and  122 
GPa  for  a  monocrystal. 
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Earlier  studies  have  shown  that  the  repeatability  of 
Marshall  stability,  flow,  and  air  voids  content  measure- 
ments on  6-in.  (152.5-mm)  diameter  specimens  of 
large  stone  mixes  is  better  than  the  repeatability  on  4- 
in.  (101.6-mm)  diameter  specimens.  A  round  robin 
study  involving  twelve  participating  laboratories  was 
conducted  to  provide  information  for  developing  a  pre- 
cision statement  for  the  ASTM  Test  Method  for  Resist- 
ance to  Plastic  Flow  of  Bituminous  Mixtures  Using  Mar- 
shall Apparatus  (6  inch-Diameter  Specimen)  (D  5581). 
Difference  two-sigma  (d2s)  limits  were  developed  to 
determine  acceptable  single  and  multilaboratory  dif- 
ferences for  bulk  specific  gravity,  percent  voids,  Mar- 
shall stability,  and  Marshall  flow  measurements.  Analy- 
sis of  other  data  collected  during  the  study  indicated 
that  stability  and  flow  measurements  are  not  sensitive 
to  minor  differences  in  various  6-in.  (1 52.4-mm)  diame- 
ter breaking  heads  currently  in  use. 
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The  article  provides  the  materials  engineer  and  com- 
ponent designer  a  guide  to  these  sources  including  the 
data  available  and  the  points  of  contact  for  gaining  ac- 
cess. 
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In  1992  the  National  Institute  of  Standards  and  Tech- 
nology (NIST)  expanded  its  intramural  efforts  on  devel- 


opment of  metrology  for  microelectronics  packaging 
and  interconnection.  The  new  intramural  projects  con- 
centrate on  development  or  refinement  of  metrology  for 
measuring  the  properties  of  the  materials  as  they  actu- 
ally exist  in  modern  packaging  and  interconnection, 
and  not  as  measured  on  idealized  or  bulk  specimens. 
Also,  work  begin  in  1991  accelerated  a  major  consor- 
tium effort  led  by  the  National  Center  for  Manufacturing 
Species  (NCMS)  and  jointly  supported  by  the  consor- 
tium members  and  the  NIST  Advanced  Technology 
Program  (ATP)  to  develop  new  materials  and  produc- 
tion technology  for  printed  wiring  boards.  This  is  an  up- 
date on  the  progress  of  those  efforts. 
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The  1995  Annual  Report  was  organized  to  assist  the 
NAS-NAE-NRC  Board  on  Assessment  and  intended  to 
be  used  as  background  information  at  the  annual  re- 
view meeting.  Coupled  with  the  more  detailed  technical 
reports  of  the  divisions  of  MSEL,  this  report  describes 
the  activities,  accomplishments,  output  and  impacts  of 
the  MSEL  during  the  period  of  Fiscal  Year  1995  (Octo- 
ber 1 ,  1 994  to  September  30,  1 995). 
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The  texture  of  two  depleted  uranium  (DU)  samples, 
labelled  DUWR  and  DUWRs,  were  studied  by  neutron 
diffraction.  DUWR  was  prepared  by  warm  rolling  of  a 
cast  ingot,  and  DUWR2  was  prepared  by  adding  20% 
tensile  strain  to  the  warm-rolled  DUWR.  Complete 
three-dimensional  orientation  distribution  functions 
were  determined  using  four  neutron  pole  figures  for  the 
DUWR,  and  using  six  neutron  pole  figures  for  the 
DUWR2  sample,  by  the  WIMV  method  of  the  program 
popLA.  The  textures  of  the  two  samples  were  essen- 
tially identical  to  each  other.  They  could  be  described 
by  a  twisted  helical  density  tube  spiralling  continously 
along  the  psi-axis  of  the  Euler  space.  The  projection 
of  the  backbone  of  the  density  tube  along  the  Bragg 
angle-axis  cast  a  linear  shadow  running  parallel  to  the 
diagonal  of  the  integral-psi  plane,  which  could  be  de- 
fined by  a  integral  =  psi  +  90  degrees  (and  integral  = 
psi  +  270  degrees)  relation.  The  helical  tube  was  con- 
fined within  narrow  Braggs  angle-angle  limits,  from  14 
degrees  to  30  degrees  with  the  peak  orientation  at 
(103)  (010). 
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Previous  work  has  shown  the  importance  of  the  crack- 
tip  deformation  zone  in  determining  the  fracture  ener- 
gies for  both  samples  of  bulk  adhesive  and  the  cor- 
responding adhesive  joints.  To  gain  a  better  under- 
standing of  deformation  zone  development,  the  crack- 
tip  events  in  compact  tension  specimens  of  bulk  adhe- 
sive were  monitored  during  loading  and  failure.  The  re- 
sults show  no  clear  onset  point  for  crack  growth  but 
rather  a  gradual  acceleration.  Moreover,  in  regions  of 
stable  crack  growth,  the  size  of  the  deformation  zone 
correlates  with  the  crack  velocity.  This  has  important 
implications  for  failure  criteria. 
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A  study  was  conducted  to  compare  the  creep-rupture 
response  (i.e.,  time-to-failure  or  TTF)  of  tape-bonded 
and  liquid-adhesive-bonded  seams  of  EPDM  (ethyl- 
ene-propylene-diene  terpolymer)  roofing  membranes. 
Two  commercial  tape  systems  (i.e.,  tape  and  primer) 
and  one  liquid  adhesive  were  applied  to  well-cleaned 
EPDM  rubber. 
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The  thermal  diffusivity  of  POCO  AXM-5Q1  graphite 
was  measured  in  the  temperature  range  1 ,500  to  2,500 
K  utilizing  the  laser-pulse  technique.  The  uncertainty 
of  the  values  is  estimated  to  be  no  more  than  3%.  The 
measured  values  are  compared  with  the  results  of 
other  investigators. 
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The  use  of  photothermal  radiometry  to  obtain  the  ther- 
mal diffusivity  of  CVD  diamond  is  analyzed.  The  finite 
size  of  the  heating  beam  and  the  radiation  detector  are 
taken  into  account.  Heating  a  finite  circularly  symmetric 
region  of  the  specimen  surface  is  compared  with  uni- 
form heating  of  the  specimen  surface.  Thermal  wave 
propagation  in  thick  and  thin  diamond  films  in  vacuum, 
in  air,  and  on  several  substrate  materials  is  modelled. 
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Photothermal  radiometry,  one  of  several  methods 
based  on  the  propagation  of  thermal  waves,  is  a  con- 
venient noncontact  technique  to  measure  the  thermal 
diffusivities  of  diamond  films.  Results  of  calculations  for 
thermal  wave  propagation  in  diamond  films  are  pre- 
sented. Taken  into  account  are  the  thickness  of  the 
film,  the  substrate  material,  the  presence  of  air,  the 
presence  of  a  black  absorbing  layer,  the  finite  size  of 
the  heating  beam,  and  the  finite  size  of  the  infrared  de- 
tector used  to  measure  the  thermal  energy  emitted  by 
the  specimen. 
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Raman  spectra  were  measured  in  48  different 
polycrystalline  diamond  forms  grown  by  hot-filament 
and  microwave-plasma  chemical  vapor  deposition, 
and  one  gem-quality  diamond,  and  characterized  by  fit- 
ting the  data  to  a  model  lineshape  function.  The 
lineshape  function  contains  the  following  three  compo- 
nents: a  narrow  symmetric  line  at  -1333/cm,  the 
Raman  line  of  diamond;  a  broad  symmetric  band  at 
-1520/cm  due  to  s  doublet  p-bonded  carbon;  and  a 
slowly  varying  background  due  to  photoluminescence 
(PL).  Four  spectral  parameters  are  observed  to  change 
in  a  correlated  manner  from  one  specimen  to  another: 
(1 )  the  linewidth  of  the  diamond  Raman  line,  which  var- 
ies from  3  to  30/cm;  (2)  the  intensity  in  the  tails  of  the 
diamond  line,  several  halfwidths  away  from  the  peak; 
(3)  the  intensity  of  the  s  doublet  p-bonded  carbon 
band,  relative  to  the  diamond  line,  which  varies  from 
-0  to  1;  and  (4)  the  intensity  of  the  PL  background,  rel- 
ative to  the  diamond  line,  which  varies  from  0.03  to  9. 
The  observed  correlations  suggest  that  these  changes 
in  the  Raman  spectrum  are  caused  by  a  common  set 
of  defects. 
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Diamond  films  grown  under  a  variety  of  deposition  con- 
ditions in  hot-filament  or  microwave-plasma  chemical 
vapor  deposition  (CVD)  reactors  were  characterized  by 
Raman  and  cathodoluminescence  (CL) 
spectroscopies.  The  magnitudes  of  the  following  four 
Raman  spectral  features  were  observed  to  vary  from 
specimen  to  specimen  in  a  correlated  manner:  (1)  the 
linewidth  of  the  diamond  Raman  line;  (2)  the  intensity 
of  the  tails  of  the  diamond  Raman  line  at  several  half- 
widths  from  the  peak;  (3)  the  intensity  ratio  of  the  s 
doublet  p-bonded  carbon  Raman  band  to  the  diamond 
Raman  line;  and  (4)  the  intensity  ratio  of  the  broad 
photoluminescence  (PL)  background  that  underlies  the 
Raman  spectrum  to  the  diamond  Raman  peak.  We 
suggest  that  each  of  these  features  varies  with  the 
abundance  of  s  doublet  p-bonded  carbon.  A  model  of 
competing  recombination  between  two  sets  of  defects 
is  proposed  to  explain  the  inverse  correlation. 
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Diamond  films  were  deposited  on  silicon  substrates 
which  were  seeded  with  diamond  by  either  of  two  tech- 
niques, abrasive  dry  polishing  or  wet  polishing.  Deposi- 
tions were  carried  out  in  a  microwave-plasma  chemical 
vapor  deposition  (CVD)  reactor.  Films  were  character- 
ized by  scanning  electron  microscopy  (SEM)  imaging. 
Raman  spectroscopy,  optical  transmittance  and  reflec- 
tance spectroscopy,  stylus  profilometry,  and  scanning 
tunneling  microscope  (STM)  surface  profilometry. 
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Diamond-Like-Carbon  films  were  characterized  for 
their  tribological  properties.  Films  were  made  on  440C 
substrates  by  first  sputter-depositing  an  intermediate 
layer  of  SiC,  then  extracting  450  eV  carbonacceous 
ions  to  produce  the  diamond-like-carbon  film.  The  in- 
termediate SiC  layer  provides  adhesions  between 
440C  and  the  diamond-like-carbon  film,  and  also  pro- 
vides the  necessary  nucleation  sites  for  diamond-like- 
carbon  film  formation.  Films  were  prepared  in  three 
thicknesses,  0.5,  1,  and  2  micrometer,  and  tested  at 
two  temperatures,  liquid  oxygen  (-184  deg  C)  and 
room  temperature  (25  degrees  C).  A  coefficient  of  fric- 
tion of  0.03  was  measured  in  an  oxygen  environment. 
Specific  wear  rates  that  are  two  orders  of  magnitude 
lower  than  for  440C  on  440C  were  measured.  Data  are 


03,019 


353 


MATERIALS  SCIENCES 


Carbon  &  Graphite 


presented  for  440C  on  diamond-like-carbon,  440C  on 
440C,  and  Si3N4  on  440C,  for  comparison. 
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Structural  and  magnetic  properties  of  stage-1,  stage- 
2,  and  stage-3  CuCI2  graphite  intercalation  com- 
pounds (GIC's)  were  studied  by  means  of  x-ray, 
electron-  and  neutron-diffraction,  dc  magnetic  suscep- 
tibility, and  electron  spin  resonance  (ESR)  measure- 
ments. The  Cu2+  ions  form  an  isosceles  triangular  lat- 
tice with  one  short  side  and  two  longer  sides.  The  in- 
plate  dc  magnetic  susceptibility  shows  Cure-Weiss  be- 
havior above  150  K,  a  broad  maximum  around  62-65 
K,  indicative  of  low-dimensional  magnetic  correlations, 
and  a  Curie-type  behavior  below  20  K,  attributable  to 
paramagnetic  inhomogeneities  in  the  sample. 
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A  hypothesis  is  proposed  that  ascrbies  chemical  wear 
of  diamond  tools  to  the  presence  of  unpaired  d  elec- 
trons in  the  sample  being  machined.  The  hypothesis 
is  used  to  explain  a  range  of  results  for  metals,  alloys, 
and  other  materials  including  'electroless'  nickel.  The 
hypothesis  is  further  tested  by  experiments  presented 
here  on  the  machining  of  a  range  of  high  purity  ele- 
ments. The  implications  for  diamond  turnability  of  other 
materials  are  discussed. 
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Small  angle  neutron  scattering  measurements  were 
used  to  examine  the  effect  of  green  density  and  the 
role  of  MgO  additive  on  the  evolution  of  the  porous 
microstructure  of  alumina  during  intermediate-  and 
final-stage  sintering.  It  was  found  that  the  initial 
connectivity  in  the  green  state  plays  a  dominant  role 
in  establishing  the  channel  diameters  during  the  inter- 
mediate stage  of  sintering,  and  contributes  also  to  de- 
termining the  onset  density  at  which  the  final  stage  of 
sintering  begins.  The  role  of  MgO  as  a  sintering  aid 
lies,  at  least  in  part,  in  prolonging  the  stability  of  inter- 
mediate stage  sintering  such  that  the  body  achieves 


greater  density  before  the  transition  to  final-stage  sin- 
tering after  which  isolated  pores  are  formed. 
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Small-angle  X-ray  scattering  was  used  to  follow  the 
evolution  of  the  pore  size  distribution  during  final-stage 
sintering  of  alumina  and  of  alumina  doped  with  0.25 
wt%  magnesia.  The  volume-weighted  (Guinier)  results 
indicate  that  the  effective  size  of  the  largest  pores  in- 
creases as  the  body  goes  from  97%  to  more  than  99% 
dense.  The  surface-area-weighted  (Porod)  results 
show  that  the  median  size  of  the  smallest  pores  de- 
creases slightly  over  the  same  density  range.  Taken 
together,  these  data  indicate  that  the  pore  size  distribu- 
tion becomes  broader  as  final-stage  densification  pro- 
ceeds. This  was  confirmed  by  a  maximum  entropy 
analysis,  which  was  used  to  derive  pore  size  distribu- 
tions directly  from  the  data.  Finally,  the  evolution  of  the 
pore  size  distributions  in  alumina,  with  and  without  sin- 
tering aid,  were  compared. 
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Multiple  small-angle  neutron  scattering  was  used  to  fol- 
low the  evolution  of  the  pore-size  distribution  in  alpha- 
AI203  through  the  intermediate  and  final  stages  of  sin- 
tering. This  new  technique  enables  the  study  of 
microstructure  in  the  0.08-10  micro  size  regime,  which 
is  the  size  range  of  importance  for  many  materials  sys- 
tems, without  needing  to  increase  the  resolution  of  cur- 
rently available  small-angle  scattering  instruments. 
The  microstructure  evolution  results  indicate  a  nearly 
constant  effective  pore  radius  for  the  alumina  through- 
out the  intermediate  sintering  stage,  ranging  from  0- 
19  micro  at  54%  of  theoretical  density  to  0-  17  micro 
at  79%  dense.  As  the  alumina  densities  further,  there 
is  a  transition  region  after  which  the  effective  pore  ra- 
dius grows  rapidly  to  0.6  micro  at  97-5%  dense. 
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Small-angle  neutron  scattering  measurements  were 
used  to  examine  the  pore  microstructure  evolution  of 
glassy  silica  and  polycrystalline  alpha-alumina  as  a 
function  of  sintering.  It  was  shown  that  the  two  major 


sintering  mechanisms,  viscous  flow  and  surface  and 
volume  diffusion,  lead  to  very  different  microstructure 
evolution  signatures  in  terms  of  the  average  pore  size 
as  a  function  of  density.  However,  with  respect  to  topol- 
ogy, the  evolution  of  the  porosity  per  unit  surface  area 
as  a  function  of  density  is  remarkably  similar  in  the  two 
systems. 
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Objective  of  this  task  is  to  measure  and  characterize 
the  ceramic  properties  (crystalline  phase  composition, 
grain  boundary  properties,  residual  stresses)  of  a  se- 
ries of  standard  ceramic  specimens  to  assist  in  devel- 
oping international  standards  for  ceramic  characteriza- 
tion. This  report  describes  electron  microscopy  of  the 
microstructure  and  grain  boundaries  of  ESK  silicon 
carbide;  supporting  x-ray  diffraction  data  for  the  bulk 
phase  composition  is  included. 
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Green  compacts  from  a  nano-size  silicon  nitride  pow- 
der were  fabricated  having  density  up  to  67%  of  theo- 
retical at  2.8  GPa  pressure  using  liquid  nitrogen  and 
pentane  as  compaction  lubricant  media.  Pressureless 
sintering  of  these  transparent  samples  did  not  promote 
further  densification  beyond  that  obtained  for  the  green 
state.  To  further  increase  the  density  of  these  samples, 
a  hot-pressing  device  was  designed.  In  a  series  of  ex- 
periments, hot-pressing  of  these  samples  at.0.5  to  1.0 
GPa  and  800  C,  followed  by  pressureless  sintering  at 
1400  C  was  studied.  The  resulting  silicon  nitride  ce- 
ramic had  a  Vickers  hardness  of  9.0  GPa  while  trans- 
parency under  visible  light  was  maintained.  Without  the 
use  of  hot  pressing,  the  hardness  obtained  was  5.8 
GPa.  In  addition,  the  effect  of  compaction  pressure  on 
densification  was  studied  for  nano-size  Al(sub  2)0(sub 
3)  to  further  understand  factors  contributing  to  achiev- 
ing high  green  densities.  The  dense  Al(sub  2)0(sub  3) 
green  samples  were  pressureless  sintered  to  near  full 
density  at  temperatures  several  hundred  degrees 
lower  than  those  needed  for  sintering  low  density 
green  material. 
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This  paper  describes  a  highly-specialized  system  for 
studies  of  time-dependent  compaction  of  nanosize  sili- 
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con  nitride  powders  under  a  variety  of  atmospheres 
and  at  temperatures  ranging  from  77  to  1,000  K.  The 
system  incorporates  a  screw-driven  press  (10  ton  ca- 
pacity) with  a  piston-cylinder  type  die  and  can  produce 
decylindrical  powder  compacts,  3  mm  in  diameter  and 
approximately  1  mm  in  thickness,  using  pressures  up 
to  3  GPa.  The  system  is  computer-controlled  and  per- 
mits accurate  measurements  of  the  sample  volume, 
and,  after  appropriate  calibration,  can  determine  the 
rate  and  degree  of  densification  of  the  compacting 
powder  as  pressure  is  applied.  Frictional  forces  be- 
tween the  piston  and  the  die  are  measured  during  the 
compaction  process.  For  calibration  of  the  system, 
powders  with  known  volume-change  accompanied  by 
phase  transition  under  pressure  were  studied,  and 
good  agreement  with  published  results  was  dem- 
onstrated. Several  Si(sub  3)N(sub  4)  samples  have 
been  compacted  and  sintered  at  1 ,300  to  1 ,600  C.  A 
maximum  random  packing  density  of  64%  has  been 
obtained  using  liquid  nitrogen  as  a  lubricant  medium 
at  pressure  lower  than  2.5  GPa.  Both  green  samples 
and  sample  sintered  at  temperatures  to  1 ,500  C  exhib- 
ited visual  transparency  under  visible  light. 
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The  objective  of  the  compaction  process  is  to  produce 
a  dense  green-state  compact  from  a  nanosize  powder 
that  subsequently  can  be  sintered  at  high  temperatures 
to  form  a  dense  ceramic  piece.  High  density  in  the 
green-state  after  pressing  is  of  primary  importance  for 
achieving  high  densities  after  sintering.  Investigation  of 
the  compaction  behavior  of  ceramic  powders,  there- 
fore, is  an  important  part  of  characterization  of  raw  ce- 
ramic powders  and  evaluation  of  their  compaction  be- 
havior, analysis  of  interaction  between  particles,  and 
the  study  of  microstructure  of  green  body  (unsintered) 
during  pressure-forming  processes.  The  compaction  of 
nanosize  ceramic  particles  into  high  density  green  bod- 
ies is  very  difficult.  For  the  nanosize  materials  used  in 
this  study  (amorphous  Si(sub  3)N(sub  4)  and  (gamma) 
Al(sub  2)0(sub  3)),  there  is  no  evidence  by  TEM  of 
partial  sintering  after  synthesis.  Nevertheless,  strong 
aggregation  forces,  such  as  the  van  der  Waals  surface 
forces  of  attraction,  exist  and  result  in  moderate  pre- 
cursor particle  agglomeration.  More  importantly,  these 
attractive  surface  forces,  which  increase  in  magnitude 
with  decreasing  particle  size,  inhibit  interparticle  sliding 
necessary  for  particle  rearrangement  to  denser  bodies 
during  subsequent  compaction.  Attempts  to  produce 
high  density  green  body  compacts  of  nanosize  par- 
ticles, therefore,  generally  have  been  focused  on  over- 
coming these  surface  forces  of  attraction  by  using  ei- 
ther dispersive  fluids  or  high  pressures  with  or  without 
lubricating  liquids.  In  the  present  work,  the  use  of  high 
pressure  has  been  employed  as  a  means  of  compact- 
ing nanosize  powders  to  relatively  high  green  den- 
sities. 
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This  document  presents  the  basis  and  scheme  for  a 
unified  classification  system  for  advanced  (technical) 
ceramics.  The  utility  of  the  classification  system  is 
multi-fold.  Its  use  is  advantageous  at  the  company 
level  for  purposes  involving  assembly  of  design  and 
materials  property  databases,  or  tabulation  of  inven- 
tories, or  invoicing.  Industry  can  use  the  system  for 
gathering  and  sorting  trend  data  on  market  behavior 
or  R&D  expenditures,  or  for  literature  categorization. 
At  the  government  level,  the  system  can  be  used  for 


gathering  national  and  international  economic  data,  or 
other  vital  statistics,  or  for  determining  demographics 
of  the  field.  The  classification  system  is  based  on  defin- 
ing advanced  technical  ceramics  as  'a  highly  engi- 
neered, high  performance,  predominately  non-metallic, 
inorganic,  ceramic  material  having  specific  functional 
attributes.'  This  excludes  commodity  products,  such  as 
building  materials  and  refractories.  Five  hundred  dif- 
ferent product  types  are  identified  as  advanced  tech- 
nical ceramics  in  this  classification.  The  classification 
is  a  non-hierarchical,  matrix-type  scheme  accessible 
by  a  number  of  entry  and  retrieval  routes  to  build  rela- 
tional databases.  The  classification  provides  a  ma- 
chine readable  coding  system  built  upon  four  inde- 
pendent descriptor  fields  (application,  chemical  char- 
acter and  product  form,  processing,  and  property  data) 
and  corresponding  subdivisions  that  may  be 
sequenced  in  order  to  match  the  users  preference. 
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In  1993  the  Ceramics  Division  continued  to  emphasize 
a  technical  program  directly  relevant  to  the  needs  of 
U.S.  industry.  The  program  is  made  up  of  tasks  which 
involve  standard  materials  development,  construction 
of  evaluated  databases,  and  laboratory  research  fo- 
cused on  topics  that  address  the  dominant  issues  af- 
fecting commercialization  of  advanced  ceramics, 
namely,  processing  costs  and  reliability.  In  accord  with 
the  strategic  plan  laid  out  by  the  Materials  Science  and 
Engineering  Laboratory,  the  Ceramics  Division  is  con- 
tinuing to  expand  its  direct  involvement  with  industrially 
related  research  issues.  Standard  materials  and  data 
activities  continue  to  represent  an  important  portion  of 
the  Division's  program.  Three  new  Standard  Ref- 
erence Materials  were  developed  this  year,  and  an 
evaluated  database  on  high  Tc  superconducting  mate- 
rials was  begun  in  collaboration  with  a  Japanese  lab- 
oratory. 
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Indentation  fracture  toughness  models  generally  share 
the  derived  parameter  Pc  (exp  -3/2),  where  P  is  the 
indentation  load  and  c  the  measured  crack  length.  Bi- 
ases, inherent  to  error  propagation  through  this 
nonlinear  transformation  (c  to  c(exp  3/2)),  can  be  intro- 
duced into  calculated  values  for  K(sub  Ic)  depending 
upon  the  amount  of  averaging  of  crack  length  data  per- 
formed prior  to  the  transformation.  The  work  utilizes 
Monte  Carlo  simulations  to  evaluate  the  bias  in  K(sub 
Ic)  calculated  using  both  mean  and  linear  regression 
methods.  Significant  positive  biases  were  dem- 
onstrated when  using  mean-based  calculations  where 
coefficients  of  variation  (cv)  in  c  exceeded  10%.  Re- 
gression methods  produced  significantly  less  bias. 
With  cv  <  10%  or  when  c  is  averaged  per  load,  both 
methods  produce  essentially  unbiased  estimates  for 
K(sublc). 
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The  Israelachvili  surface  force  apparatus  has  been 
used  extensively  over  the  past  decade  to  make  de- 
tailed measurements  of  surface  forces  and  adhesion 
between  very  smooth  solids  in  various  liquid  and  vapor 
environments.  Most  of  those  measurements  have 
been  made  with  mica  surfaces,  but  the  authors  have 
recently  developed  a  method  of  preparing  smooth  sili- 
ca surfaces  for  use  in  place  of  the  micra.  The  silica 
surfaces  adhere  in  dry  and  humid  atmospheres,  but  do 
not  adhere  when  immersed  in  water.  The  use  of  a  sec- 
ond material  not  only  broadens  the  scope  of  the 
Israelachvili  technique,  but  also  enables  studies  of 
forces  and  adhesion  between  dissimilar  materials.  In 
this  work,  the  authors  present  the  results  of  measure- 
ments of  adhesion  in  air  and  forces  in  aqueous  solution 
between  two  silica  surfaces;  they  also  report  prelimi- 
nary results  of  the  adhesion  between  a  mica  surface 
and  a  silica  surface. 
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Electrical  charge  separation  following  contact  between 
two  materials  (contact  electrification  or  the  triboelectric 
effect)  is  well  known  to  occur  between  different  mate- 
rials as  a  consequence  of  their  different  electronic 
structures.  Here  the  authors  show  that  the  phenome- 
non occurs  between  two  surfaces  of  the  same  material 
if  one  is  coated  with  a  single  chemisorbed  monolayer. 
The  authors  use  the  surface  force  apparatus  to  study 
contact  electrification  and  adhesion  between  two  silica 
surfaces,  one  coated  with  an  amino-silane.  The  pres- 
ence of  this  monolayer  results  in  significantly  en- 
hanced adhesion  between  the  surfaces,  owing  to  elec- 
trostatic attraction  following  contact  electrification,  in 
accord  with  Derjaguin's  electrostatic  theory  of  adhe- 
sion. These  observations  demonstrate  a  link  between 
acid-base  interactions  and  contact  electrification. 
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Small  angle  neutron  scattering  measurements  have 
been  performed  on  several  samples  of  silica  controlled 
pore  glasses  with  pore  sizes  ranging  from  roughly  7 
to  30  nm.  The  scattering  intensity  is  strongly  peaked 
at  small  Q  and  shows  approximate  Porod  law  behavior 
at  large  Q.  Contrast  variation  measurements  have 
shown  that  the  pore  space  in  these  samples  is  entirely 
interconnected  and  thus  forms  a  bicontinuous 
microstructure.  The  scattering  data  have  been  ana- 
lyzed using  the  leveled  wave  method  based  on  an 
early  scheme  for  representing  two-phase 
microstructures  resulting  from  spinodal  decomposition. 
The  authors  determined  model  probability  density 
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functions  by  fitting  the  SANS  data  with  the  leveled 
wave  scattering  function  and  then  used  these  to  con- 
struct leveled  wave  images  of  the  corresponding  po- 
rous structures. 
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Cavitation  damage  in  flexure  bars  crept  at  1 ,170  C  was 
studied  by  a  density  measurement  technique.  The  cav- 
ity density  within  the  flexure  beams  could  be  approxi- 
mated by  a  linear  function  of  position  from  the  tensile 
surface.  A  threshold  stress  for  cavitation  damage  is 
suggested  from  the  results  of  this  study.  Below  the 
threshold  tensile  stress,  cavitation  ceases,  whereas 
above  the  threshold,  cavitation  damage  is  in  the  form 
of  wedge-shaped  cracks  at  grain-boundary  triple  junc- 
tions. Cavitation  is  not  observed  in  compression  for  the 
conditions  used  in  this  study.  From  a  stress  analysis 
of  the  flexure  bars,  a  cavitation  threshold  of  55  MPa 
is  estimated  for  this  material. 
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The  long-term  creep  deformation  of  a  siliconized  sili- 
con carbide  ceramic  C-ring  subjected  to  a  compression 
load  at  1300  C  in  air  is  studied  by  the  finite  element 
method.  Based  on  asymmetric  creep  responses  ob- 
served under  uniaxial  creep  tests,  multidirectional  con- 
stitutive equations  in  power-law  form  are  derived  using 
the  parameters  of  effective  stress/strain.  The  elastic 
solutions  are  first  solved  and  used  as  a  guide  to  reach 
the  final  mesh  design  and  as  initial  conditions.  Solving 
the  initial  value  problem  in  which  equilibrium  and  con- 
stitutive equations  are  satisfied  at  all  times,  this  model 
gives  time-history  of  stresses  and  displacements.  Fair 
agreements  were  obtained  in  load-point  displacement 
rate,  damage  zone,  neutral  axis  locations,  stress  relax- 
ation and  redistribution  when  compared  with  simple 
curved  beam  theory  and  experimental  data.  As  com- 
mon with  other  nonlinear  problems,  the  convergence 
of  the  finite  element  solutions  strongly  depends  on  the 
time  as  well  as  the  finess  of  the  element  size,  particu- 
larly at  the  regions  where  principal  stresses  are  close 
to  the  threshold  stress  for  creep  damage. 
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Transient  subcritical  crack-growth  behavior  following 
abrupt  changes  in  the  applied  load  are  studied  in  trans- 


formation-toughened ceramics.  A  mechanics  analysis 
is  developed  to  model  the  transient  nature  of  trans- 
formation shielding  of  the  crack  tip,  Ks,  with  subcritical 
crack  extension  following  the  applied  load  change. 
Conditions  for  continued  crack  growth,  crack  growth 
followed  by  arrest,  and  no  crack  growth  after  the  load 
change,  are  considered  and  related  to  the  magnitude 
and  sign  of  the  applied  load  change  and  to  materials 
properties  such  as  the  critical  transformation  stress. 
Using  experimentally  derived  steady-state  subcritical 
crack-growth  relationships  for  cyclic  fatigue  in  a  trans- 
formation-toughened Mg-PSZ,  the  analysis  is  found  to 
provide  similar  trends  in  Ks  and  accurate  prediction  of 
the  post  load-change  transient  crack-growth  behavior 
compared  to  experimentally  measured  data. 
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The  fine  porosity  present  in  a  10:90  colloidal  sili- 
ca:potassium  silicate  gel  was  imaged  in  the  trans- 
mission electron  microscope  by  the  technique  of 
defocus  contrast  microscopy.  With  this  imaging  meth- 
od it  is  possible  to  detect  very  small  pores  (>  or  =  1 
nm)  and  to  obtain  an  accurate  measure  of  their  size 
and  distribution.  The  technique  allows  independent 
measurement  of  the  spatial  location,  morphology  and 
size  of  the  pores  in  the  gel.  Specifically,  defocus  con- 
trast proves  that  the  colloidal  gel  exhibits  two  pore  pop- 
ulations in  the  micro-  and  mesopore  range:  a  fine  po- 
rous texture  which  is  found  uniformly  across  the  gel 
particles,  and  larger  pores  with  an  interconnected  glob- 
ular morphology.  This  result,  together  with  data  from 
previous  studies,  showed  that  the  gel  composition  pos- 
sesses a  polydisperse  distribution  of  porosity  which  ex- 
tends to  many  length  scales.  The  influence  of  the  gel 
structure  on  the  resultant  nitrogen  sorption  data  is  also 
discussed. 
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Observed  creep  curvature  rates  are  compared  to  theo- 
retical rates  for  both  an  alumina  ceramic  at  1,000  C 
and  a  silicon  nitride  ceramic  at  1,200  C  in  four-point 
flexure.  The  observed  rates  have  been  calculated  from 
published  rise-displacement  rates,  and  the  theoretical 
rates  have  been  calculated  from  published  power-law 
parameters  for  compressive  and  tensile  creep,  which 
differ  appreciably  for  these  ceramics.  Although  both 
compressive  and  tensile  creep  measurements  are 
easier  to  analyze  than  flexural  creep  measurements, 
the  latter  are  usually  less  expensive  and  easier  to  con- 
duct. The  present  work  shows  the  usefulness  of  flex- 
ural creep  tests  to  verify  the  accuracy  of  compressive 
and  tensile  creep  tests. 
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The  structures  of  think  films  of  zirconia  and  yttria,  de- 
posited by  electron  beam  evaporation,  have  been  ex- 
amined by  X-ray  absorption  fine  structure  (XAFS)  anal- 
ysis. It  was  found  that  the  structure  of  the  yttria  film 
was  similar  to  that  of  bulk  yttria,  which  is  a  cubic  oxide 
phase.  The  zirconia  film,  however,  possessed  a  struc- 
ture different  from  that  of  the  bulk  material.  An  analysis 
of  the  zirconia  film  data  indicated  a  structure  with  a  pre- 
dominant tetragonal  phase.  Although  lower  coordina- 
tion numbers  were  found  in  the  films  than  in  the  stand- 
ard powder  specimens,  it  was  not  clear  from  the  ex- 
tended fine  structure  whether  this  deficit  was  due  to 
film  porosity  observed  in  prior  work  or  to  the  disorder 
that  is  generally  observed  in  films.  An  analysis  of  the 
near-edge  structure,  however,  suggested  that  porosity, 
rather  than  disorder,  was  present  in  the  films.  In  addi- 
tion, the  K-edge  positions  observed  for  both  the 
zirconia  and  the  yttria  films  were  higher  in  energy  by 
approximately  3  eV  than  the  corresponding  K-edge  in 
the  powder  specimens,  indicating  that  the  films  may 
be  more  insulating  than  the  standard  bulk  material. 
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The  need  to  achieve  repeatability  in  the  measurement 
of  particle  size  distribution  of  submicron  particles  of  sili- 
con nitride  powders,  and  its  dependence  on  the  appro- 
priate application  of  deagglomeration  forces  and  sub- 
sequent stabilization  of  particles  from  reforming  into 
agglomerates  are  discussed.  An  analysis  of  param- 
eters affecting  the  particle  size  distribution  measure- 
ment by  Sedigraph(Trademark),  a  gravity  sedimenta- 
tion method,  is  presented  and  major  parameters  are 
identified.  Statistical  factorial  design  of  experiments 
was  used  to  determine  the  influence  of  various  param- 
eters such  as  ultrasonic  power,  time  and  energy,  type 
of  surfactant,  and  concentration  of  surfactant  in  a  sus- 
pension on  particle  size  determination.  The  results 
were  analyzed  using  statistical  techniques  such  as 
graphical  and  least  squares  regression.  This  analysis 
led  to  the  calculation  of  main  and  interaction  effects 
of  the  major  parameters  mentioned  above.  Depending 
on  the  ultrasonic  power  level  selected  for  a  powder, 
the  interaction  effects  between  ultrasonic  power,  ultra- 
sonic time,  and  surfactant  concentration  for  the  two 
types  of  surfactants  were  identified. 
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Silicon  carbide  platelets  manufactured  by  a 
carbothermic  reduction  process  were  characterized  for 
bulk  phase  composition  and  surface  properties  by 
transmission  electron  microscopy  (TEM),  X-ray  diffrac- 
tion (XRD),  X-ray  photoelectron  spectroscopy  (XPS) 
and  electrokinetic  sonic  amplitude  (ESA).  These  stud- 
ies indicated  that  the  platelets  consisted  of  4H  and  6H 
polytypes  as  major  phases,  and  39H,  15R  and  7H  as 
minor  phases.  The  XRD  established  the  percent 
weight  ratio  of  4H  to  6H  as  57  to  43.  The  ESA  and 
XPS  techniques  identified  differences  between  the  sur- 
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face  properties  of  two  types  of  platelets-acid  washed 
and  unwashed.  The  surface  of  the  platelets  was  found 
to  contain  several  forms  of  carbon.  The  thickness  of 
the  oxygen  layer  on  the  two  types  of  platelets  was  cal- 
culated using  Si  2p  photoelectron  data. 
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The  deposition  of  alumina  (AI203)  and  yttria  (Y203) 
particles  on  silicon  nitride  (Si3N4)  by  electrostatic  and 
electrosteric  interactions  was  studied  using 
acoustophoretic  measurements.  The  characteristics  of 
Si3N4,  AI203,  and  Y203  powders  in  an  aqueous  envi- 
ronment were  studied  by  measuring  the  electrokinetic 
sonic  amplitude  (ESA),  and  appropriate  conditions  for 
deposition  by  adsorption  were  identified.  The  deposi- 
tion of  AI203,  Y203,  and  Y(N03)3  on  Si3N4  particles 
was  conducted  at  different  pH  values  where  these 
chemically  dissimilar  particles  exhibit  electrical 
charges  of  opposite  sign.  The  deposition  studies  indi- 
cated that  the  particle  size  has  a  strong  effect  on  the 
amount  of  coating  on  Si3N4  particles.  The  presence 
of  polyacrylic  acid  as  an  electrosteric  stabilizer  for 
Si3N4  had  no  measurable  effect  on  AI203  adsorption. 
The  shift  of  the  isoelectric  point  of  Si3N4  with  AI203 
showed  that  the  total  quantity  of  AI203  adsorbed  on 
Si3N4  reached  a  maximum  at  approximately  75%  cov- 
erage of  the  total  surface  area  of  Si3N4.  Brems- 
strahlung-excited  Auger  electron  spectroscopy  (AES) 
results  showed  that  the  as-received  Si3N4  powder  has 
a  native  oxide  film  of  8.9  A.  The  presence  and  relative 
differences  in  the  surface  composition  of  coated  par- 
ticles were  established  using  X-ray  photoelectron 
spectroscopy  (XPS). 
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The  process  of  compaction  and  densification  of  ultra- 
fine  powder  of  partially-stabilized  zirconia  with  3  mole 
%  of  Y203  (Y3-PSZ)  during  rapid  hot  pressing  was  in- 
vestigated. Special  apparatus  was  designed  to  allow 
rapid  application  of  1 .6  GPa  of  quasi-isostatic  pressure 
at  temperatures  of  1 ,100-1 ,300  C  to  powder  compacts 
encapsulated  in  glass  under  vacuum.  Pressure  was 
applied  for  10  seconds,  then  the  samples  were  rapidly 
cooled,  removed  from  glass  and  characterized  using 
scanning  electron  microscopy  (SEM),  transmission 
electron  microscopy  (TEM)  and  X-ray  diffraction.  Den- 
sity and  mechanical  properties  of  the  prepared  mate- 
rials were  measured  and  compared  with  that  of  similar 
materials  fabricated  via  conventional  hot  pressing. 
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This  paper  presents  a  review  of  our  current  under- 
standing of  environmentally  induced  crack  growth  in 
glasses,  single  crystals,  and  polycrystalline  ceramics. 
It  is  shown  that  the  rate  of  crack  growth  is  controlled 
by  the  chemical  activity  of  the  active  species  in  the  en- 
vironment as  well  as  by  the  crack  tip  stress.  A  molecu- 
lar model  of  a  stress-induced  chemical  reaction  be- 
tween vitreous  silica  and  water  is  described,  and  the 
implications  of  this  model  for  predicting  the  effects  of 
other  chemical  species  on  crack  growth  are  discussed. 
Effects  of  chemical  changes  both  in  the  bonding  in  the 
solid  as  well  as  in  the  reacting  solutions  on  the  crack 
growth  mechanism  are  elucidated.  Finally,  the  com- 
plicating effects  of  multigrain  arrays  on  crack  extension 
in  polycrystalline  ceramics  are  pointed  out. 
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Today's  technological  world  might  well  be  termed  the 
age  of  new  materials  for  industrial  needs  that  now  re- 
quire engineered  materials  that  perform  totally  new 
functions  or  old  functions  in  much  better  ways.  Unfortu- 
nately, companion  standards  development  has  not 
kept  pace  with  technology  advances  and  this  lack  rep- 
resents one  of  the  more  important  technical  unknowns 
in  the  commercial  market  equation.  For  advanced  ce- 
ramics the  problem  is  acute  for  currently  there  are  no 
consensus  standards  that  allow  national  or  inter- 
national comparisons.  While  the  standards  needs  are 
diverse  and  product  specific,  there  are  two  areas  that 
crosscut  all  advanced  ceramic  product  lines.  First, 
there  is  an  international  need  for  a  unified  classification 
system  that  uniquely  categories  an  array  of  advanced 
products  by  a  series  of  set  apart  features,  like  applica- 
tion and  materials  chemistry.  Second,  there  is  need  for 
a  set  of  mechanical  test  standards  to  assure  the  struc- 
tural reliability  of  advanced  ceramics.  This  paper  pre- 
sents a  perspective  on  these  issues  and  problems,  in 
the  context  of  the  age  of  new  materials. 
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New  data  are  presented  on  the  phase  equilibria  of  the 
binary  systems  CaO-CuO  and  CaO-Bi203.  Corrected 
compositions  are  reported  for  Ca4Bi6013  and 
Ca2Bi205  and  a  new  high  temperature  polymorph  is 
reported  for  Ca2Bi205.  The  composition  and  decom- 
position temperatures  for  Ca(1-x)Cu02  are  given  for 
both  air  and  one  atmosphere  oxygen. 
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The  tensile  creep  behavior  of  a  hot  isostatically 
pressed  silicon  nitride  ceramic  containing  6  percent 


yttria  was  characterized  at  temperatures  between  1 250 
and  1400  C  and  applied  stresses  between  72  and  250 
MPa.  Creep  extension  of  specimens  with  nominal  10 
mm  gage  length  was  measured  by  laser  extensometry, 
showing  final  extensions  between  20  and  200  microm- 
eters. Secondary  creep  strain  rates  varied  from  0.3  to 
3000  Gs(exp  -1 ).  Some  tests  ended  with  specimen  fail- 
ure between  1  and  500  h,  but  other  tests  were  discon- 
tinued after  1000  up  to  2500  h  without  failure.  A  least- 
squares  fit  of  the  Norton  and  Arrhenius  functions  to  31 
strain-rate  tests  yielded  a  stress  exponent  of  8.4  +  or 
-  0.9  and  an  activation  energy  of  1310  +  or  -  140  kJ/ 
mol.  A  Monkman-Grant  function  was  fitted  to  represent 
strain  rate  versus  failure  time. 
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Accuracy  in  the  measurement  of  physical  characteris- 
tics of  ceramic  starting  powders  is  a  critical  factor  in 
the  control  and  reproducibility  of  powder  processing 
unit  operations.  An  international  interlaboratory  com- 
parison program  on  powders  characterization  has 
been  in  progress  under  the  auspices  of  the  Inter- 
national Energy  Agency.  In  this  paper,  the  results  of 
powder  characterization  effort  on  five  powders  by  25 
industrial,  university  and  governmental  laboratories  are 
presented.  Selected  results  of  density,  specific  surface 
area,  and  particle  size  distribution  are  presented  and 
discussed  in  terms  of  factors  affecting  these  measure- 
ments. The  reasons  for  the  discrepancies  in  the  data 
are  outlined. 
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Current  activity  dealing  with  ceramics  in  the  Versailles 
Project  on  Advanced  Materials  and  Standards 
(VAMAS)  is  reviewed.  The  activity  includes  enhanced 
environmental  fracture  testing,  hardness  testing,  wear 
testing,  and  classification.  The  nature  of  VAMAS  is  de- 
scribed. 
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Time-resolved  small-angle  x-ray  scattering  was  used 
to  study  the  early  stage  of  phase  separation  in  a  sili- 
cate system.  Scattering  patterns  were  acquired  in  real 
time  as  a  sample  was  quenched  in  situ  from  a  tempera- 
ture T1  in  the  single-phase  region  directly  to  a  tem- 
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perature  T2  in  the  two-phase  region  and  held 
isothermally.  This  was  made  possible  by  using  the  high 
x-ray  intensity  from  a  synchrotron  radiation  source,  a 
fast  position-sensitive  detector  based  on  a  photodiode 
array,  a  sample  heater  capable  of  rapid  quenches,  and 
an  appropriate  sample  composition.  The  composition 
studied,  90-mole-%  Si02,  5-mole-%  BaO,  and  5-mole- 
%  K20,  undergoes  subliquidus  phase  separation  at 
temperatures  below  1,021  K  to  form  alkali-rich  and  al- 
kali-poor amorphous  phases.  This  is  the  best  agree- 
ment between  experiment  and  spinodal  decomposition 
theory  yet  demonstrated  for  any  system.  For  amor- 
phous systems  in  particular,  these  results  provide  di- 
rect evidence  that  deformation  is  the  rate-limiting  step 
for  the  interdiffusion  of  network-forming  and  network- 
modifying  species  over  the  short  length  scales  involved 
in  the  early  stage  of  phase  separation. 
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A  new  experimental  technique  has  been  developed  for 
measuring  the  amount  of  electric  charge  transferred 
when  two  dissimilar  surfaces  are  brought  into  contact 
and  separated  without  lateral  motion  in  a  controlled  en- 
vironment. The  primary  surfaces  studied,  silica  and 
mica,  are  prepared  with  very  low  surface  roughness 
(average  roughness  less  than  0.5  nm);  the  macro- 
scopic contact  area,  which  can  be  measured  directly, 
is  therefore  a  better  measure  of  microscopic  contact 
area  than  is  typically  the  case  in  contact  electrification 
experiments,  and  the  surface  charge  density  can  be 
more  accurately  determined.  Observations  reported  in- 
clude (1)  the  transfer  of  charge  densities  as  high  as 
.01  C/sq  m  after  only  a  few  contacts  of  a  mica  and  silica 
surface  in  dry  air  or  N2  gas  at  room  temperature  and 
(2)  a  reduction  in  transferred  charge  density  in  the  sili- 
ca-mica system  as  the  relative  humidity  of  the  air  in 
the  environmental  chamber  is  increased  from  0%  to 
98%.  The  technique  also  permits  the  study  of  the  rate 
at  which  the  surface  charge  decays  under  various  envi- 
ronmental conditions. 
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The  compaction  and  heat-treatment  behavior  of 
nanosize  gamma-AI203  powder  (average  diameter  = 
20nm)  was  studied.  A  diamond  anvil  high-pressure  cell 
was  used  to  compact  the  powder  at  pressures  up  to 
3  GPa,  both  in  air  at  room  temperature  and  under  liquid 
nitrogen,  followed  by  pressureless  heat  treatment  at 
800  C.  For  all  conditions  studied,  the  fabricated  com- 
pacts were  optically  transparent.  X-ray  diffraction  con- 
firmed retention  of  the  gamma-phase.  The  compacts 
were  also  characterized  before  and  after  heat  treat- 
ment by  microhardness  measurements  and  by  trans- 
mission electron  microscopy.  For  both  ambient  and 
cryogenic  compaction,  sample  hardness  increased 
with  pressure,  and  heat  treatment  resulted  in  about  a 
50%  increase  in  hardness  independent  of  the  initial 
green-state  value.  Samples  compacted  in  LN2  were 
significantly  harder  (up  to  9.6  GPa)  than  those  com- 
pacted in  air. 
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Colloidal  processing  of  submicron  powders  has  be- 
come increasingly  important  in  the  commercial  produc- 
tion of  structural  ceramic  shapes.  Silicon  nitride  is  one 
of  the  materials  of  choice  for  high  temperature  load- 
bearing  applications  such  as  turbines  and  bearings  for 
heat  engines.  To  obtain  chemical  and  microstructural 
homogeneity  in  the  final  sintered  product,  the  powders 
must  be  dispersed  at  high  solid  loadings  (up  to  60% 
by  volume)  and  then  consolidated  and  dried. 
Carboxylate  polyelectrolytes  are  routinely  added  to 
aqueous  slurries  to  act  as  dispersants  and  obtain  suit- 
able rheological  properties.  Recipes  for  slurry  prepara- 
tion are  often  determined  by  trial  and  error,  without 
specific  knowledge  of  the  complex  interactions  be- 
tween solution,  polyelectrolyte  and  colloidal  particles. 
We  have  examined  the  electrostatic  component  of 
these  interactions  for  PAA  and  PMMA  using  an 
electroacoustic  technique  and  adsorption  isotherms. 
These  results  are  correlated  with  polymer  structure 
and  molecular  weight  and  with  the  fluidity  of  dense 
slurries. 
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The  interaction  of  organic  polyelectrolyte  deflocculants 
at  the  Si3N4  solid-solution  interface  was  investigated 
using  electroacoustic  measurements,  polymer  adsorp- 
tion and  particle  size  distribution  analysis.  One  cationic 
and  two  anionic  polymers  were  studied:  quaternized 
poly(diamine  epoxychlorohydrin),  ammonium 
poly(methacrylate)  and  polyfacrylic  acid),  respectively. 
Electrostatic  interactions  are  emphasized  as  a  function 
of  pH,  concentration  and  molecular  weight. 
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An  aqueous  soxhlet  extraction  procedure  was  used  to 
surface-clean  five  commercial  silicon  nitride  powders. 
The  solid-solution  interface  properties  were  character- 
ized before  and  after  extraction  by  electrokinetic  sonic 
amplitude  measurements.  The  isoelectric  point  pH(sub 
iep)  was  found  to  increase  significantly  for  some  pow- 
ders after  treatment.  The  powder  surface  was  ana- 
lyzed using  X-ray  photoelectron  spectroscopy  and  X- 
ray  induced  Auger  electron  spectroscopy  before  and 
after  extraction.  The  surface  oxygen  content  and  oxide 


layer  thickness  decrease  after  treatment.  A  linear  cor- 
relation was  found  between  oxide  thickness  and 
pH(sub  iep)  which  yields  a  pristine  pH(sub  iep)  of  about 
9.7  forthe  unoxidized  Si3N4  particle. 
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A  model  of  the  local  microstructure  of  a  bundle  of  fibers 
is  simulated  and  used  as  the  basis  for  calculations  of 
transport  properties.  This,  in  turn,  can  be  used  in  a 
macroscopic  model  of  the  chemical  vapor  infiltration 
process.  An  expanding/overlapping  circle  representa- 
tion of  the  microstructure  simulates  the  deposition  of 
matrix  in  a  uniaxial  bundle  of  fibers.  An  iterative  heat 
conduction  algorithm  is  used  to  calculate  the  trans- 
verse thermal  conductivity  based  on  the  thermal  con- 
ductivities of  the  solid  and  gas  phases.  The  permeabil- 
ity of  gas  through  the  microstructure  is  calculated  for 
flow  both  parallel  and  transverse  to  overlapping  cyl- 
inders using  a  Strokes  equation  and  assuming  a 
Darcy's  law  behavior.  Both  the  simulations  of  the 
microstructure  and  associated  calculations  of  the 
transport  properties  compare  favorably  with  experi- 
mental data. 
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The  stability  of  a  calcium-aluminum-silicate  liquid  film 
between  two  near-basal  plane  surfaces  of  sapphire  at 
1650  C  was  studied.  Samples  were  prepared  having 
an  average  basal  misorientation  across  the  interface 
of  6-7  deg  about  (10-10).  Three  types  of  interfaces 
were  observed:  faceted,  solid-liquid  interfaces;  low- 
angle  grain  boundaries  consisting  of  aligned  arrays  of 
dislocations;  and  boundaries  consisting  of  alternating 
regions  of  dislocations  and  faceted  solid-liquid  inter- 
faces. The  type  of  interface  observed  depended  on  the 
orientation  of  the  interface  and  could  be  predicted  by 
using  a  construction  based  on  Wulff  shapes.  Because 
the  type  of  interface  depends  on  crystal  alignment  and 
interface  angle,  these  results  suggest  an  absolute 
method  of  determining  the  surface  free  energy  of 
wetted  boundaries. 
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The  objective  of  the  project  was  to  strengthen  the  link 
between  the  development  of  new  materials  in  research 
laboratories  and  the  application  of  these  materials  by 
design  engineers.  The  medium  for  improving  this  link 
is  a  user-friendly  database  on  materials  properties  of 
advanced  ceramics.  Papers  containing  data  appro- 
priate for  the  structural  ceramics  database  (SCD)  were 
identified  by  a  computerized  search  of  the  open  tech- 
nical literature.  Acceptance  criteria  were  applied  during 
careful  review  of  the  papers.  At  the  end  of  this  process, 
approximately  seventy-five  papers  remained.  Material 
and  property  information  were  extracted  and  evaluated 
by  experts  within  the  Ceramics  Division  at  NIST  who 
were  particularly  concerned  with  assessing  the  mate- 
rial specifications,  the  measurement  methods  and  pro- 
cedures, and  the  reliability  of  the  data.  Concurrently, 
user-friendly  database  software  was  developed  to 
manage  the  data  on  personal  computers.  With  this 
software,  users  can  easily  find  the  properties  of  a  given 
material  or  identify  materials  that  meet  specified  prop- 
erty values.  After  completion  of  code  development  and 
data  entry,  test  sites  were  selected  to  review  the 
database  system. 
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A  test  fixture  for  the  measurement  of  the  flexure 
strength  of  advanced  ceramic  specimens  is  presented. 
This  report  presents  a  four-point  flexure  fixture  that  is 
in  accordance  with  the  requirements  of  U.S.  Army  MIL 
STD  1942  and  ASTM  C  1161.  These  standards  pre- 
scribe specific  specimen  and  fixture  sizes,  tolerance, 
and  alignment  requirements.  The  standards  specify 
that  the  fixture  must  have  sufficient  articulation  to  en- 
sure even  line-loading  pins.  The  fixture  is  designed  so 
that  it  can  be  set  up  and  aligned  easily  and  quickly 
(about  30  minutes).  The  fixture  in  this  report  is  intended 
for  use  with  flat  and  parallel  specimens. 
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The  feasibility  of  a  thermal  wave  imaging  technique  is 
evaluated  for  the  detection  and  characterization  of  ma- 
chining damage  in  ceramics.  First,  a  well-defined  crack 
system  produced  by  Vickers  indentation  is  used  to  ex- 
amine the  characteristic  response  of  thermal  wave  sig- 
nals to  different  forms  of  cracks  (i.e.,  median/radial  and 
lateral).  The  results  clearly  indicate  that  thermal  wave 
imaging  can  be  used  for  the  detection  of  surface  and 
subsurface  cracks  in  ceramics.  Thermal  wave  imaging 
is  then  conducted  on  the  surfaces  of  ground  alumina 
and  the  cross-section  of  scratched  silicon  nitride.  Care- 
ful examinations  of  the  thermal  wave  images  confirm 
that  this  technique  can  be  used  to  detect  the  grinding- 
induced  subsurface  microcracks.  The  limitations  of  the 
thermal  wave  imaging  technique  in  the  detection  of 
small  cracks  and  precautions  regarding  choosing  ap- 
propriate sets  of  imaging  parameters  are  pointed  out. 
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This  supplement  contains  ten  papers  which  had  not 
been  included  in  the  conference  proceedings  of  the 
Applied  Diamond  Conference  1995  (ADC'95)  due  to 
late  arrival.  In  addition,  the  supplement  contains  two 
errata  that  correct  two  papers  that  appear  in  the  pro- 
ceedings. 
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We  report  detailed  x-ray  powder-diffraction  measure- 
ments on  a  sample  consisting  of  approximately  60  car- 
bon nanotubes  and  approximately  40  carbon 
nanoparticles.  These  measurements  demonstrate  the 
existence  of  short-range  interlayer  stacking  correla- 
tions. Our  calculations  show  that  such  correlations 
should  not  be  observable  in  idealized  models  of 
nanotubes.  The  observation  of  short-range  interlayer 
correlations  can  be  explained  if  many  of  the  nanotubes 
and  nanoparticles  have  polygonal  cross  sections, 
largely  consisting  of  flat  regions  having  graphitic  inter- 
layer correlations.  This  polygonization  is  almost  cer- 
tainly driven  by  the  van  der  Waals  interactions  respon- 
sible for  the  AB  AB  stacking  in  crystalline  graphite. 


03,065 

PB96-1 02983       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (MSEL), 
Gaithersburg,  MD.  Ceramics  Div. 
Damage  Processes  in  Ceramics  Resulting  from  Di- 
amond Tool  Indentation  and  Scratching  in  Various 
Environments. 
Final  rept. 

A.  W.  Ruff,  H.  Shin,  and  C.  J.  Evans.  1995,  12p. 
Pub.  in  Wear  Jnl.  181-183,  p551-562  1995. 

Keywords:  "Ceramic  materials,  "Diamonds,  Reprints, 
Damage,  Tools,  Scratching,  "Foreign  technology. 

Studies  have  been  carried  out  to  determine  the  influ- 
ence of  different  chemical  environments  and  tool 
shapes  on  damage  produced  during  diamond  tool 
scratching  and  indenting  of  two  advanced  ceramics: 
chemical-vapor-deposited  silicon  carbide  and  a  com- 
posite aluminum  oxide-titanium  carbide.  A 
nanoindentation/scratching  apparatus  was  used  in  a 
controlled-load  mode  for  the  studies.  Two  diamond  tool 
shapes  were  used:  a  wedge  with  -45  degrees  rake  and 
0.5  mm  radius  curved  edge,  and  a  Vickers  pyramid. 
The  environments  studied  were:  air,  water,  mineral  oil, 
mineral  oil  +  stearic  acid  and  two  commercial  water- 
based  fluids.  It  was  of  interest  to  identify  damage 
mechanisms,  critical  loads  for  initiation  of  severe  dam- 
age, specific  scratching  energies  and  the  effect  on 
damage  of  the  different  tool  shapes. 
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Laser-induced  desorption  of  CO  from  an  ion  beam 
etched  and  annealed  Si(111)  surface  is  reported. 
State-resolved  measurements  of  the  desorbed  CO  re- 
veal very  high  translational  and  vibrational  energy  con- 
tents, with  the  rotational  excitation  being  quite  low.  The 
results  suggest  that  the  CO  photodesorption  is  derived 
from  CO  bound  to  ion  beam  etch-induced  active  defect 
site(s)  on  the  Si(1 11)7x7  surface  that  are  only  mini- 
mally influenced  by  either  the  ion  beam  etching  condi- 
tions or  the  anneal.  Comparison  of  the  photoyields  at 
266  and  355  nm  suggests  that  the  desorption  mecha- 
nism cannot  be  described  using  existing  models  for 
thermal-  or  carrier-mediated  processes. 
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This  paper  describes  the  lubrication  mechanism  of  al- 
cohols with  silicon  nitride  under  boundary  lubrication 
conditions.  Dynamic  wear  tests  and  static  chemical  re- 
action studies  were  conducted  to  study  the  chemical 
interaction  between  alcohols  and  silicon  nitride.  Direct 
evidence  of  chemical  reactions  occurring  between  al- 
cohols and  silicon  nitride  was  collected.  Gel-perme- 
ation-chromat  ography-graphite-  furnace-atomic-ab- 
sorption (GPC-GFAA)  analysis  detected  the  presence 
of  high  molecular  weight  (HMW),  silicon-containing, 
metallo-organic  compounds  in  the  wearing  contact. 
Secondary  ion  mass  spectrometry  (SIMS)  analysis  of 
the  reactionproducts  from  wear  tests  revealed  the  for- 
mation of  silicon  alkoxides.  These  alkoxide  subse- 
quently reacted  to  form  HMW  products  which  had  been 
independently  verified  as  capable  of  lubricating  silicon 
nitride  surfaces. 


03,068 

PB96-111711       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Ceramics  Div. 

Silicon  Nitride  Boundary  Lubrication:  Effect  of 

Oxygenates. 

Final  rept. 

R.  S.  Gates,  and  S.  M.  Hsu.  1995,  12p. 
See  also  PB96-1 11703. 

Pub.  in  STLE  Tribology  Transactions,  v38  n3  p607-61 7 
1995. 

Keywords:  "Silicon  nitrides,  "Wear  tests,  "Lubrication, 
Oxygen  compounds,  Boundaries,  Friction,  Tribology, 
Wear,  Lubricating  oils,  Alcohols,  Reprints,  "Boundary 
lubrication,  BTF(Ball-on-three-flat),  Oxygenates. 

A  ball-on-three-flat  (BTF)  wear  tester  was  used  to  in- 
vestigate the  boundary  lubricating  characteristics  of 
oxygenates  on  a  commercial  silicon  nitride.  A  wide  va- 
riety of  oxygen-containing  compounds  were  tested 
neat  and/or  at  1%  by  weight  in  a  paraffin  oil.  Com- 
pounds containing  hydroxyl  functional  groups  were 
more  effective  compared  to  a  base  case  of  neat  par- 
affin oil.  Decreases  of  up  to  58%  in  friction  coefficient, 
and  95%  in  wear  were  obtained.  In  most  cases,  films 
were  observed  in  and  around  the  wear  scar,  suggest- 
ing chemical  reactions  had  taken  place  in  the  contact. 
Additional  wear  tests,  conducted  using  neat  shorter- 
chain  linear  primary  alcohols,  i.e.,  6-10  carbons,  dem- 
onstrated boundary  lubrication  protection,  with  longer 
chain  length  providing  better  antiwear  performance. 
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The  nanoscale  structure  and  synthesis  mechanisms  of 
a  recently  developed  class  of  inorganic  mesoporous 
materials  with  ordered  arrays  of  uniform  mesopores 
have  been  investigated  by  small  angle  neutron  scatter- 
ing (SANS).  SANS  measurements  with  solvents  im- 
bibed into  the  pores  to  vary  the  scattering  contrast 
demonstrate  that  the  low  angle  diffraction  peaks  from 
these  materials  are  entirely  due  to  the  pore  structure 
and  that  the  pores  are  fully  accessible  to  both  aqueous 
and  organic  solvents.  SANS  measurements  on  the 
concentrated  cationic  surfactant  and  silicate  that  the 
existence  of  preassembled  supramolecular  arrays  that 
mimic  the  final  pore  structure  is  not  essential  for  the 
synthesis  of  these  materials. 
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By  a  kilohertz-frequency  resonance  method,  we  deter- 
mined the  torsion  modulus  and  internal  friction  of  a 
uniaxially  fiber-reinforced  composite.  The  composite 
was  composed  of  glass  fibers  in  an  epoxy-resin  matrix. 
We  studied  three  fiber  contents:  0.41  and  49  vol  %. 
The  internal  friction  failed  to  fit  a  classical  free- 
damped-oscillator  model  where  one  assumes  a  linear 
rule-of-mixture  for  three  quantities:  oscillator  mass, 
force  constant,  and  mechanical-resistance  constant. 
The  torsion  modulus  approximately  fits  a  plane-wave 
scattering  ensemble-average  model.  The 
microstructure  showed  strong  fiber-distribution 
nonhomogeneity.  Considering  this  nonhomogeneity 
yielded  a  better  agreement  between  model  and  obser- 
vation. Thus,  torsion-modulus  measurements  provide 
a  method  to  detect  and  quantify  fiber-distribution 
nonhomogeneity. 
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BaTi03  thin  films  were  grown  epitaxially  on  (100)  MgO 
substrates  by  metalorganic  chemical  vapor  deposition 
(MOCVD)  at  a  temperature  of  600  degrees  C.  This 
substrate  temperature  is  the  lowest  reported  tempera- 
ture for  the  growth  of  epitaxial  BaTi03  films  by  an 
MOCVD  process.  The  films  had  a  cube-cube  orienta- 
tion relationship  with  the  substrate  and  were  oriented 
with  an  a-axis  perpendicular  to  the  substrate  plane. 
Nanoscale  energy  dispersive  x-ray  spectrometry 
measurements  showed  no  evidence  of  interdiffusion 
between  the  film  and  substrate. 
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Ceramics  are  hard  and  brittle.  Machining  such  mate- 
rials is  time-consuming,  difficult,  and  expensive.  Cur- 
rent machining  technology  requires  ultra-stiff  tools,  dia- 
mond-bonded wheels,  and  low  material  removal  rate 
to  minimize  surface  damage.  This  study  demonstrates 
the  feasibility  of  a  novel  ceramic  machining  concept 
that  utilizes  tribo-chemical  reactions  at  the  tool- 
workpiece  interface  to  reduce  the  stress  and  minimize 
the  surface  damage.  A  series  of  cutting  tests  using  a 
diamond  wheel  on  silicon  nitride  with  different  chemical 
compounds  has  been  conducted.  Results  suggest  that 
by  using  different  chemistries,  the  material  removal 
rate  and  the  surface  finish  of  the  machined  Si3N4  sur- 
face can  be  significantly  altered.  Halogenated  hydro- 
carbons show  significant  improvement  over  some 
commercial  machining  fluids  currently  in  use. 
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In  colloidal  processing  of  ceramic  slips,  reactions  oc- 
curring at  the  solid-solution  interface  play  a  dominant 
role  in  the  dispersion  properties.  Electrokinetic  sonic 
amplitude  (EsA)  measurements  have  been  used  to 
characterize  the  aqueous  interfacial  chemistry  of 
Si3N4  suspensions.  The  ESA  signal  is  proportional  to 
the  dynamic  mobility  and  depends  on  the  colloid  shear- 
plane  potential.  Samples  were  subjected  to  acidic  and 
alkaline  soxhlet  extraction,  then  titrated 
potentiometrically.  Variations  in  the  ESA  signal  and 
isoelectric  pH  indicate  differences  in  the  surface 
charge  behavior  of  each  powder.  These  differences 
may  arise  from  surface  contamination  by  specifically 
absorbed  ionic  species  or  modification  of  potential  de- 
termining surface  sites  as  a  result  of  treatment  history. 
This  paper  is  intended  to  provide  hands-on  information 
regarding  the  electrokinetic  sonic  analysis  of  aqueous 
ceramic  dispersions. 
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The  nanostructure  of  calcium  silicate  hydrate  (C-S-H) 
gel  contributes  to  many  physical  properties  of  con- 
crete, including  the  important  engineering  properties  of 
creep  and  shrinkage.  A  set  of  structural  models  for  this 
gel  and  computational  techniques  for  their  validation 
have  been  developed.  The  basic  nanostructure  of  C- 
S-H  is  conceived  as  a  self-similar  agglomeration  of 
spherical  particales  at  two  levels  (diameters  of  5  nm 
and  40  nm).  Computational  techniques  are  presented 
for  simulating  transmission  electron  microscopy  im- 
ages and  computing  sorption  characteristics  of  the 
model  nanostructures.  Agreement  with  available  ex- 
perimental data  is  reasonable.  The  development  of 
these  nanostructural  models  is  a  first  step  in  a 
multiscale  approach  to  computing  the  drying  shrinkage 
of  model  cement-based  materials.  Such  an  approach 
will  provide  a  better  understanding  of  the  relationships 


between  microstructure  and  the  shrinkage  behavior  of 
these  systems. 
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A  previously  developed  formalism  to  interpret  the 
beam  broading  due  to  multiple  small-angle  scattering 
of  a  collimated  beam  of  radiation  in  condensed  matter 
is  extended  to  treat  the  case  of  nonspherical  scattering 
particles  or  pores.  The  new  formalism  concerns  the  sit- 
uation where  coherent  single-particle  scattering  is  in- 
coherently, or  stochastically,  compounded  by  a  ran- 
dom system  of  spheroidal  particles,  of  any  given  mean 
aspect  ratio,  in  a  uniform  matrix.  By  appropriate  trans- 
formation of  axes  to  reflect  a  spherroidal  particle  sym- 
metry, Bethe's  analysis  of  scattering  when  the  sample 
thickness  greatly  exceeds  the  scattering  mean  free 
path  is  combined  with  the  dynamical  analysis  of  single- 
particle  scattering  to  model  the  beam  broadening  aris- 
ing from  a  system  containing  nonspherical  scattering 
objects.  For  the  range  of  experimental  parameters 
used  in  practical  small-angle  scattering  studies  of  tech- 
nological materials  such  as  porous  ceramics,  it  is 
shown  that,  while  the  previous  formulation  suffices  for 
spheres,  globules  and  even  short  capillary  pores,  the 
variation  in  beam  broadening  as  a  function  of  incident 
wavelength  exhibits  distinguishable  signatures  for  sys- 
tems in  which  a  collapsed  planar  or  extreme  capillary 
scattering  morphology  predominates. 
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In  this  paper  the  authors  consider  the  interrelations  be- 
tween friction  and  fracture  in  highly  brittle  materials. 
First,  they  examine  frictional  effects  in  the  mechanics 
of  crack  formation  at  elastic  and  elastic-plastic  contacts 
on  brittle  surfaces.  Then  they  consider  how  fundamen- 
tal intersurface  forces  manifest  themselves  as  'internal 
friction'  at  crack  interfaces  in  'model'  solids  like  mica 
and  glass,  with  special  reference  to  environmental 
chemistry.  Finally,  the  authors  examine  the  controlling 
role  of  frictional  processes  in  the  strength  and  tough- 
ness of  modern  ceramic  systems. 

03,077 

PB96-1 63704       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD. 

Model  for  Microcrack  Initiation  and  Propagation 
beneath  Hertzian  Contacts  in  Polycrystalline  Ce- 
ramics. 

Final  rept. 

B.  R.  Lawn,  N.  P.  Padture,  F.  Guiberteau,  and  H. 
Cai.  1994,  11p. 

Pub.  in  Acta  Metallurgica  Materials,  v42  n5  p1683- 
1693  1994. 

Keywords:  'Microcrack,  'Crack  propagation, 
'Ceramics,  Fracture  mechanics,  Reprints,  Initiation, 
'Foreign  technology,  Shear  faults. 

A  fracture  mechanics  model  of  damage  evolution  with- 
in Hertzian  stress  fields  in  heterogeneous  brittle  ce- 
ramics is  developed.  Discrete  microcracks  generate 
from  shear  faults  associated  with  the  heterogeneous 
ceramic  microstructure;  e.g.  in  polycrystalline  alumina, 
they  initiate  at  the  ends  of  intergrain  twin  lamellae  and 
extend  along  intergrain  boundaries.  Unlike  the  well-de- 
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fined  classical  cone  fracture  that  occurs  in  the  weakly 
tensile  region  outside  the  surface  contact  in  homo- 
geneous brittle  solids,  the  fault-microcrack  damage  in 
polycrystalline  ceramics  is  distributed  within  a  sub- 
surface shear-compression  zone  below  the  contact. 
The  shear  faults  are  modelled  as  sliding  interfaces  with 
friction,  in  the  manner  of  established  rock  mechanics 
descriptions  but  with  provision  for  critical  nucleation 
and  matrix  restraining  stresses.  This  allows  for  con- 
strained microcrack  pop-in  during  the  loading  half- 
cycle.  Ensuing  stable  microcrack  extension  is  then 
analyzed  in  terms  of  a  K-field  formulation.  For  simplic- 
ity, only  mode  I  extension  is  considered  specifically 
here,  although  provision  exists  for  including  mode  II. 
The  compressive  stresses  in  the  subsurface  field  con- 
strain microcrack  growth  during  the  loading  half-cycle, 
such  that  enhanced  extension  occurs  during  unload- 
ing. 
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The  fracture  mechanics  analysis  of  Part  I  is  here  ex- 
tended to  consider  the  effects  of  volume  fraction  and 
scale  of  second-phase  particles  on  the  toughness- 
curve  properties  of  ceramic-matrix  composites.  In- 
creasing these  variables  enhances  the  flaw  tolerance 
of  the  material,  but  only  up  to  certain  limits,  beyond 
which  bulk  microcracking  occurs.  These  limits  define 
domains  of  damage  accumulation  and  potential 
strength  degradation  by  microcrack  coalesence.  In  the 
familiar  approximation  of  elliptical  crack-wall  profiles, 
the  authors  show  that  the  principal  effects  of  increasing 
volume  fraction  (or  expansion  mismatch)  and  particle 
size  is  to  enhance  the  slope  and  scale  of  the  T-curve, 
respectively. 
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An  objective  methodology  is  developed  for  evaluating 
toughness  curves  (T-curves)  of  ceramics  using 
identation  flaws.  Two  experimental  routes  are  consid- 
ered: (1)  conventional  measurement  of  inert  strength 
as  a  function  of  indentation  load;  (2)  in  situ  measure- 
ment of  crack  size  as  a  function  of  applied  stress. 
Central  to  the  procedure  is  a  proper  calibration  of  the 
indentation  coefficients  that  determine  the  K-field  of  in- 
dentation cracks  in  combined  residual-contact  and  ap- 
plied-stress loading,  using  data  on  an  appropriate  base 
material  with  single-valued  toughness.  Tests  on  a  fine- 
grain  alumina  serve  to  demonstrate  the  approach. 

03,080 

PB96-179452       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD. 

Deformation  and  Fracture  of  Mica-Containing 
Glass-Ceramics  in  Hertzian  Contacts. 

Final  rept. 

H.  Cai,  M.  A.  Kalceff,  and  B.  R.  Lawn.  1994,  9p. 
Pub.  in  Jnl.  of  Materials  Research,  v9  n3  p762-770  Mar 
94. 

Keywords:  'Hertzian  contact,  Deformation,  Machin- 
ability,  Microfracture,  Reprints,  Glass-ceramic,  Shear 
fault. 

The  Hertzian  indentation  response  of  a  machinable 
mica-containing  glass-ceramic  is  studied.  Relative  to 


the  highly  brittle  base  glass  from  which  it  is  formed, 
the  glass-ceramic  shows  evidence  of  considerable 
'ductility'  in  its  indentation  stress-strain  response.  Sec- 
tion views  through  the  indentation  sites  reveal  a  transi- 
tion from  classical  cone  fracture  outside  the  contact 
area  in  the  bae  glass  to  accumulated  subsurface  defor- 
mation-microfracture  in  the  glass-ceramic.  The  defor- 
mation is  attributed  to  shear-driven  sliding  at  the  weak 
interfaces  between  the  mica  flakes  and  glass  matrix. 
Extensile  microcracks  initiate  at  the  shear-fault  inter- 
faces and  propagate  into  the  matrix,  ultimately  coa- 
lescing with  neighbors  at  adjacent  mica  flakes  to  effect 
easy  material  removal.  The  faults  are  subject  to  strong 
compressive  stresses  in  the  Hertzian  field,  suggesting 
that  frictional  tractions  are  an  important  element  in  the 
micromechanics.  Bend-test  measurements  on  in- 
dented specimens  show  that  the  glass-ceramic,  al- 
though weaker  than  its  base  glass  counterpart,  has  su- 
perior resistance  to  strength  degradation  at  high  con- 
tact loads.  Implications  of  the  results  in  relation  to 
microstructural  design  of  glass-ceramics  for  optimal 
toughness,  strength,  and  wear  and  fatigue  properties 
are  discussed. 
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Flaw-tolerance  and  associated  toughness-curve  (T- 
curve)  characteristics  in  SiC/glass  particle/matrix  com- 
posites are  studied.  Two  glass  compositions,  chosen 
to  produce  composites  at  extremes  of  high  (H)  and  low 
(L)  thermal  expansion  mismatch  relative  to  the  SiC  par- 
ticles, are  investigated.  In-situ  observations  of  crack 
extension  from  indentation  flaws  reveal  widely  different 
responses:  in  the  L  composite  the  path  is  relatively  un- 
distorted  from  the  planar  geometry,  with  trans-particle 
fractures:  in  the  H  composite  the  path  deflects  strongly 
around  the  particles,  with  consequent  interfacial  bridge 
formation  and  activity  in  the  crack  wake.  Surface  frac- 
ture patterns  produced  by  spherical  indenters  confirm 
the  implied  transition  from  transparticle  to  inter-particle 
with  increasing  internal  residual  stress,  and  point  to  a 
potential  degradation  in  short-crack  properties  like 
wear  and  fatigue.  Indentation-strength  measurements 
also  show  different  characteristics  in  the  two  compos- 
ites: minor  flaw  tolerance  in  the  L  material,  consistent 
with  a  single-valued,  'rule  of  mixtures'  toughness: 
major  tolerance  in  the  H  material,  consistent  with  a  pro- 
nounced T-curve.  The  T-curves  themselves  are 
deconvoluted  from  the  indentation-strength  data  for 
each  composite  and  analyzed. 
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The  wear  of  human  enamel  opposing  certain  dental 
materials  is  a  problem  in  restorative  dentistry.  A  wear 
study  was  carried  out  on  enamel  that  was  in  contact 
with  three  dental  restorative  materials,  a  beta-quartz 
glass-ceramic,  a  fused  porcelain  (Ceramco,  Inc.,  Bur- 
lington, NJ),  and  a  dispersed  phase  amalgam 
(Dispersalloy,  Johnson  &  Johnson,  Skillman,  NJ). 
Twenty-seven  human  teeth  tooled  to  form  enamel 
cones  were  randomly  assigned  to  the  three  restorative 
materials.  Three  groups  of  9  enamel  cones  each  were 
abraded  against  sample  disks  of  each  material.  The 
test  was  carried  out  on  a  two-body,  unidirectional,  ro- 
tary wear  testing  machine.  The  wear  of  the  enamel  was 
evaluated  by  measurement  of  the  volume  of  enamel 
lost  during  testing.  The  average  wear  volumes  lost  (cm 
cubed)  for  the  enamel  were:  glass-ceramic,  5.0  x  10 
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to  the  minus  5  power  (s  =  2.1  x  10  to  the  minus  5 
power);  porcelain,  5.2  x  10  to  the  minus  4  power  (s 
=  5.4  x  10  to  the  minus  4  power);  amalgam,  3.5  x  10 
to  the  minus  5  power  (s  =  1.8  x  10  to  the  minus  5 
power).  Comparison  of  the  mean  worn  volume  of 
enamel  lost  for  the  three  materials,  by  the  Turkey 
method  of  multiple  comparisons  with  a  significance 
level  of  5%,  indicated  no  significant  difference  between 
only  the  enamel  worn  against  glass-ceramic  and 
against  amalgam.  The  results  indicate  that  beta-quartz 
glass-ceramic  material  would  produce  less  wear  to  op- 
posing enamel  than  traditional  fused  porcelains.  The 
wear  of  enamel  opposing  glass-ceramic  should  be 
equivalent  to  that  resulting  from  contact  with  amalgam. 
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The  role  of  microstructural  scale  on  deformation- 
microfracture  damage  induced  by  contact  with  spheres 
is  investigated  in  monophase  alumina  ceramics  over 
a  range  3-48  urn  in  grain  size.  Measurement  of  a  uni- 
versal indentation  stress-strain  curve  indicates  a  criti- 
cal contact  pressure  approximately  5  GPa,  above 
which  irreversible  deformation  occurs  in  alumina.  A 
novel  sectioning  technique  identifies  the  deformation 
elements  as  intragrajn  shear  faults,  predominantly 
crystallographic  twins,  within  a  confining  subsurface 
zone  of  intense  compression-shear  stress.  The  twins 
concentrate  the  shear  stresses  at  the  grain  boundaries 
and,  above  a  threshold  grain  size,  initiate  tensile 
intergranular  microcracks.  Below  this  threshold  size, 
classical  Hertzian  cone  fractures  initiate  outside  the 
contact  circle. 
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A  simple  Hertzian  contact  procedure  for  investigating 
cyclic  fatigue  damage  in  brittle  polycrystalline  ceramics 
is  described.  Repeat  loading  of  a  shperical  indenter  on 
a  coarse  alumina  ceramic  produces  cumulative  me- 
chanical damage.  The  mode  of  damage  is  one  of  de- 
formation-induced intergranular  microfracture,  leading 
ultimately  at  large  numbers  of  cycles  and  high  contact 
pressures  to  severe  grain  dislodgement.  In  contrast  to 
the  classical  Hertzian  cone  cracks  that  form  in  more 
homogeneous  materials  in  the  regions  of  tensile  stress 
outside  the  contact  circle,  the  damage  in  the  coarse- 
grain  alumina  develops  in  a  zone  of  high  shear  stress 
and  hydrostatic  compression  beneath  the  contact  cir- 
cle. The  fatigue  damage  is  evident  in  inert  environ- 
ments, confirming  the  mechanical  nature  of  the  proc- 
ess, although  exposure  to  moisture  accelerates  the  ef- 
fect. The  relatively  modest  degradation  in  failure  stress 
with  number  of  repeat  contacts  for  indented  flexure 
specimens  suggests  that  conventional  strength  and 
toughness  testing  procedures  may  not  always  provide 
sensitive  indications  of  the  extent  of  damage  that  can 
be  incurred  in  concentrated  loading. 
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A  fracture  mechanics  model  is  presented  for  the  tough- 
ening of  ceramics  by  bridging  from  second-phase  par- 
ticles, resulting  in  toughness  curve  (T-curve)  behavior. 
It  is  assumed  that  the  second-phase  particles  are  in 
a  state  of  residual  thermal  expansion  dilatational  mis- 
match relative  to  the  matrix.  In  the  long-crack  region, 
these  stresses  augment  frictional  sliding  stresses  at 
the  interphase  boundaries,  enhancing  the  crack  resist- 
ance; in  the  short-crack  region,  the  same  stresses 
drive  the  crack,  diminishing  the  crack  resistance.  The 
principal  manifestation  of  these  countervailing  influ- 
ences is  a  reduced  sensitivity  of  strength  to  initial  flaw 
size,  i.e.,  an  increased  flaw  tolerance. 
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Transient  creep  is  shown  to  dominate  the  high-tem- 
perature behavior  of  a  grade  of  hot  isostatically 
pressed  silicon  nitride  containing  only  4  wt%  Y203  as 
a  sintering  aid.  Contributing  factors  to  transient  creep 
are  discussed  and  it  is  concluded  that  the  most  likely 
cause  of  long-term  transient  creep  in  the  present  study 
is  intergranular  sliding  and  interlocking  of  silicon  nitride 
grains.  In  early  stages  of  creep,  devitrification  of  the 
intergranular  phase,  and  intergranular  flow  of  that 
phase  may  also  contribute  to  the  transient  creep  proc- 
ess. The  occurrence  of  transient  creep  precluded  the 
determination  of  an  activation  energy  on  the  as-re- 
ceived material.  However,  after  creep  in  the  tempera- 
ture range  1330-1430  degrees  C  for  times  exceeding 
approximately  1100  h,  an  apparent  activation  energy 
of  approximately  1260  kJ  mol  to  the  minus  1  power 
was  measured.  It  is  suggested  that  the  apparent  acti- 
vation energy  for  creep  is  determined  by  the  mobility 
and  concentration  of  diffusing  species  in  the 
intergranular  glassy  phase.  The  time-to-rupture  was 
found  to  be  a  power  function  of  the  minimum  strain 
rate,  independent  of  applied  stress  or  temperature. 
Hence,  creep-rupture  behavior  followed  a  Monkman- 
Grant  relation.  A  strain  rate  exponent  of  -1.12  was  de- 
termined. 
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Current  programs  of  the  Ceramics  Division  are  re- 
viewed. 
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In  materials  research,  the  phase  diagram  is  a  critical 
processing  tool  describing  the  relationship  between 
temperature,  chemical  composition,  and  gaseous  envi- 
ronment to  the  crystalline  phases  that  should  appear. 
The  Ceramics  Div.  at  the  National  Institute  of  Stand- 
ards and  Technology  has  initiated  the  development  of 
innovative,  distributable,  multimedia  software  incor- 
porating digital  video  interactive  (DVI)  technology  to 
assist  in  the  understanding  and  use  of  these  diagrams. 
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The  capability  of  industry  to  manufacture  reliable  and 
cost-effective  fiber-reinforced  ceramic  matrix  compos- 
ites requires  detailed  characterization  and  control  of 
the  composite  properties.  Advanced  characterization 
techniques,  including  in  situ  characterization  of  mate- 
rial properties,  offer  the  potential  for  process  control, 
quality  control,  and  lifetime  monitoring.  Advanced  char- 
acterization techniques  currently  being  developed  to 
aid  in  the  manufacture  and  scientific  understanding  of 
ceramic  components  are  discussed. 
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The  diffusional  microcrack  growth  behavior  in  a 
bimaterial  system  is  investigated  with  an  aim  at  esti- 
mating service  life  of  advanced  ceramic  composites 
under  creep-rupture  conditions.  The  crack  is  assumed 
to  grow  via  a  coupled  surface  and  grain-boundary  diffu- 
sion under  steady  state  conditions.  The  tensile  stress 
distribution  along  the  interface  ahead  of  the  moving 
crack  tip  is  solved,  and  it  is  found  that  a  new  length 
parameter  exists  as  a  scaling  factor  for  which  the  solu- 
tion becomes  identical  to  the  single  phase  case  when 
plotted  on  the  nondimensional  physical  plane.  In  con- 
trast to  the  elastic  stress  solution  which  shows  sin- 
gularity at  the  tip,  together  with  oscillatory  character 
away  from  the  tip,  the  creep  stresses  have  a  peak 
value  away  from  the  tip  due  to  a  wedging  effect  and 
interfacial  sliding  eliminates  stress  oscillation  resulting 
in  a  decoupling  between  mode  I  and  mode  II  loading. 
The  solution  ties  the  far-field  loading  parameter  to  the 
crack  tip  conditions  in  terms  of  the  unknown  crack  ve- 
locity to  give  a  specific  V-K  relationship.  It  is  shown 
that  an  exponent  of  1 2  in  the  conventional  crack  growth 
power  law  emerges  at  the  higher  applied  stress  range. 
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The  paper  is  concerned  with  development  of  a  lifetime 
prediction  methodology  for  a  unidirectional  fiber  rein- 
forced ceramic  composite  subjected  to  creep  condi- 
tions. A  continuum  damage  mechanics  approach  is 
adopted  in  which  constitutive  creep  laws  incorporating 
damage  are  constructed  based  on  micromechanical 
modeling.  A  unit  cell  model  is  established  to  take  ad- 
vantage of  the  periodic  feature  of  the  material.  The 
model  which  entails  two  elements  (one  representing 
the  fiber  phase  and  the  other  the  matrix  phase)  con- 
nected in  parallel  is  subjected  to  a  constant  stress  ap- 
plied in  the  fiber  direction.  From  the  requirements  of 
equilibrium  and  compatibility,  a  system  of  simulta- 
neous differential  equations  was  derived  for  the  de- 
pendent variables:  stress,  strain  and  damage  as  func- 
tions of  time,  with  the  initial  conditions  given  by  the 
elastic  state  of  the  material.  The  algorithm  for  solving 
this  time-dependent  problem  was  given  in  a  flow  chart 
from  which  the  lifetime  limited  by  creep  can  be  com- 
puted. The  results  suggested  that  creep  life  is  strongly 
dependent  on  applied  stress,  temperature  and  volume 
fraction  of  the  fibers. 
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Compression  measurements  were  performed  for  the 
first  time  on  nanocrystalline  gamma-alumina  utilizing  a 
diamond  anvil  cell  (DAC)  and  the  energy  dispersive  X- 
ray  diffraction  method.  The  cubic  unit  cell 
(alpha=0.7924  nm)  for  gamma-alumina  was  found  to 
have  a  volume  compression  of  about  2.4%  over  the 
pressure  range  from  ambient  to  3.8  GPa  at  room  tem- 
perature under  both  hydrostatic  and  nonhydrostatic 
conditions.  Using  the  first-order  Bridgman  equation 
and  the  Birch  equation  of  state,  the  isothermal  bulk 
modulus  (B0)  was  determined  to  be  162  plus  or  minus 
14  GPa  and  Young's  modulus  (E)  was  estimated  to  be 
253  plus  or  minus  22  GPa  assuming  a  Poisson's  ratio 
for  gamma-alumina  of  0.24  plus  or  minus  0.2. 
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Structural  ceramics  are  often  two  phase  materials,  in 
which  rigid  refractory  grains,  fibers,  or  whiskers  are 
bonded  by  a  less  refractory  matrix.  At  elevated  tem- 
peratures, creep  occurs  by  deformation  of  the  matrix, 
resulting  in  the  localization  of  stresses  along  grain 
boundaries,  followed  by  cavitation  and  eventually  be 
structural  failure  of  the  ceramic.  The  sequence  of 
events  prior  to  failure  depends  on  the  grain  size  and 
the  amount  of  bonding  matrix  within  the  solid.  Large 
amounts  of  matrix  phase  reduce  constraints  at  grain 
boundaries,  and  thus  the  stresses  that  cause  cavita- 
tion. Large  grains,  fibers  or  whiskers  provie  easy  paths 
for  crack  growth,  so  that,  once  initiated,  cracks  readily 
propagate  to  failure.  In  structural  ceramics,  failure  time 
can  be  expressed  as  a  power  function  of  the  creep 
rate;  the  coefficient  and  exponent  of  the  power  function 
are  determined  by  the  failure  mechanism.  In  the  paper, 
models  for  creep  rupture  of  ceramics  are  presented  for 
cavity  coalescence  and  for  crack  growth  as  primary 
failure  processes.  The  model  for  cavity  coalescence, 
in  particular,  is  used  to  rationalize  creep  rupture  data 
for  a  two  phase  ceramic  that  fails  by  cavity  coales- 
cence. 
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Fracture  mechanism  maps  provide  means  of  assess- 
ing the  structural  reliability  or  ceramics  at  elevated  tem- 
peratures. They  can  be  used  to  summarize  large  quan- 
tities of  data  dealing  with  effects  of  load,  temperature 
and  environment  on  component  lifetime,  they  also  can 
be  used  to  generate  a  design  envelope  that  defines 
stress  allowables  for  a  given  application.  In  this  paper, 
the  authors  review  the  history  and  philosophy  behind 
fracture  mechanism  maps  and  then  discuss  methods 
of  obtaining  such  maps  in  an  efficient  manner.  Based 
on  data  obtained  in  simple  tensile  tests,  these  methods 
are  illustrated  for  one  of  the  newer  grades  of  silicon 
nitride.  The  map  is  then  used  to  compare  this  material 
with  a  high  temperature  structural  alloy,  and  another, 
older  grade  of  silicon  nitride.  Finally,  the  authors  dis- 
cuss the  use  of  fracture  mechanism  maps  for  design. 
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Ceramics  are  notorious  for  their  'brittleness',  i.e.  the 
sensitivity  of  mechanical  strength  to  flaws  on  the 
microstructural  scale.  The  association  notion  of  the 
'critical  flaw'  has  dominated  design  considerations  con- 
cerning structural  reliability  and  materials  processing 
of  ceramic  components.  The  accounts  for  the  trend 
over  the  last  decade  towards  a  processing  strategy  of 
elimination  strength-degrading  flaws  at  source.  Here 
the  authors  propose  a  fundamentally  different  ap- 
proach, that  of  processing  ceramics  with  crack-imped- 
ing elements  integrated  into  the  indigenous 
microstructures,  such  that  any  pre-existing  or  service- 
induced  flaws  are  effectively  stabilized.  Strength  data 
on  a  tailored  alumina/aluminium-titanate  material  dem- 
onstrate the  capacity  of  the  approach  to  produce  sim- 
ple ceramics  with  unique  flaw  insensitivity. 
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The  authors  have  deformed  a  commercial  HIP-ed  sili- 
con nitride  in  both  tension  and  compression  at  1430 
degrees  C  at  stresses  between  40  and  300  MPa.  The 
material  creeps  up  to  100  times  faster  in  tension  than 
in  compression.  The  stress  dependence  of  the  tensile 
strain  rate  is  not  characterized  by  a  single  stress  expo- 
nent, rising  from  about  two  at  low  stresses  to  about 
five  at  higher  stresses.  When  stressed  in  tension,  the 
material  responds  by  cavitating,  with  the  cavitation 
contributing  signifciantly  to  the  tensile  strain.  In  com- 
pression, however,  the  material  exhibits  a  stress  expo- 
nent of  unity,  and  cavitation  is  almost  completely  sup- 
pressed. The  asymmetry  in  creep  behavior  between 
tension  and  compression  is  due  to  the  dilatation  of  the 
material. 
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The  requirements  for  the  effective  reporting  of  mate- 
rials property  data  for  ceramic  matrix  composites  are 
reviewed.  The  discussion  focuses  on  bicomponent  ma- 
terials consisting  of  a  reinforcement  that  is  distributed 
in  a  ceramic  matrix.  The  reinforcement  may  be  short, 
whisker-like  crystallites  or  long  fibers  with  large  length- 
to-diameter  ratios.  Examples  are  given  to  illustrate  the 
sometimes  dramatic  and  the  sometimes  subtle  signifi- 
cance of  the  information  requirements. 
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The  Database  Development  and  Management  Project 
is  directed  towards  the  production  and  dissemination 
of  a  computerized  database  of  materials  properties  for 
advanced,  high-temperature,  structural  ceramics.  The 
principle  output  of  the  project  is  the  Structural  Ceram- 
ics Database  which  is  provided  in  a  user-friendly  soft- 
ware package  that  operates  on  DOS-based  personal 
computers.  The  database  is  distributed  worldwide  via 
the  NIST  Standard  Reference  Data  Program.  The  re- 
port discusses  how  the  scope  of  the  database  has  ex- 
panded in  the  current  year,  from  the  thermal  and  me- 
chanical properties  of  silicon  carbides  and  silicon 
nitrides,  to  a  more  extensive  coverage  of  the  thermal, 
mechanical,  and  chemical  corrosion  properties  of 
structural  ceramic  oxides,  carbides,  and  nitrides  in 
general. 
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The  primary  goal  in  the  development  of  advanced 
structural  ceramics  has  been  to  provide  high-strength, 
corrosion-resistant  materials  for  use  in  high-tempera- 
ture, aggressive  environments.  Much  of  the  devel- 
opmental effort  has  focused  on  heat  exchangers  for 
use  in  industrial  gas-  or  coal-fueled  systems  with  tem- 
peratures on  the  order  of  1200  to  1400  degrees  C. 
While  ceramics  are  often  popularly  described  as  inert 
to  chemical  degradation,  the  corrosion  resistance  of 
these  materials  actually  ranges  from  excellent  to  very 
poor,  depending  especially  on  the  compositions  of  the 
environment  and  the  materials  selector  expert  system 
for  advanced  ceramics.  The  present  paper  examines 
the  development  of  a  set  of  rules  for  a  material  selector 
expert  system  based  on  relations  among  composition, 
microstructure,  transport  processes,  operating  condi- 
tions, and  corrosion.  The  concurrent  information  re- 
quirements that  must  be  provided  in  a  computerized 
materials  property  database  are  discussed  also. 
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Variances  in  the  measurement  of  properties  used  to 
characterize  ceramic  powders  are  discussed  in  the 
context  of  the  International  Energy  Agency's  study. 
Annex  II,  Subtask  2,  which  includes  chemical  and 
physical  measurements  for  five  powders:  two  grades 
of  silicon  nitride,  and  one  grade  each  of  silicone  car- 
bide, silicon,  and  ziconia.  The  analysis  presented  here 
includes  results  for  39  properties  reported  by  25  lab- 
oratories using  approximately  700  samples  of  the  pow- 
ders. Measurement  uncertainties  are  discussed  in  the 
contexts  of  measurement  variations  within  given  lab- 
oratories (within-laboratory  variance,  sometimes  called 
repeatability),  among  different  laboratories  (between- 
laboratory  variance,  also  called  reproducibility),  and 
among  different  measurement  techniques  (between- 
methods  variance).  The  analysis  shows  that  the  be- 
tween-laboratory variance  tends  to  be  significantly 
greater  than  either  the  within-laboratory  or  the  be- 
tween-methods  variances.  The  implication  of  this  re- 
sults is  that  the  most  important  improvements  in  pow- 
der characterization  measurements  may  be  achieved 
through  the  standardization  of  the  measurement  meth- 
odologies. 
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The  microstructures  of  alumina-aluminum  titanate  (A- 
AT)  composites  have  been  tailored  with  the  intent  of 
altering  their  crack-resistance  (R-  orT-curve)  behavior 
and  resulting  flaw  tolerance.  Specifically,  two 
microstructural  parameters  which  influence  grain-local- 
ized crack  bridging,  viz.,  (1)  internal  residual  stresses 
and  (2)  microstructural  titanate  was  added  to  alumina 
to  induce  intense  internal  residual  stresses  from  ex- 
treme thermal  expansion  mismatch.  It  was  found  that 
A-AT  composites  with  uniformly  showed  significantly 
improved  flaw  tolerance  over  single-phase  alumina. 
Coarsening  of  the  duplex  microstructure  via  grain 
growth  scaling  was  relatively  ineffective  in  improving 
the  flaw  tolerance  further.  Onset  of  spontaneous 
microcracking  precluded  further  exploitation  of  this 
scaling  approach.  Therefore,  an  alternative  approach 
to  coarsening  was  developed,  in  which  a  uniform  dis- 
tribution of  large  alumina  grains  was  incorporated  with- 
in a  fine-grain  A-AT  matrix  ('duplex-bimodal'),  via  a 
powder  processing  route.  The  duplex-bimodal  com- 
posites yielded  excellent  flaw  tolerance  with  steady- 
state  toughness  of  approximately  8  MPa-m(1/2).  A 
qualitative  model  for  microstructure  development  in 
these  duplex-bimodal  composites  is  presented. 
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A  new  processing  strategy  based  on  atmospheric  pres- 
sure sintering  is  presented  for  obtaining  dense  SiC- 
based  materials  with  microstructures  consisting  of  (1) 
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uniformly  distributed  elongate-shape  alpha-SiC  grains 
and  (2)  relatively  high  amounts  (20  vol%)  of  second- 
phase  yttrium  aluminum  garnet  (YAG).  This  strategy 
entails  the  sintering  of  beta-SiC  powder  doped  with 
alpha-SiC,  AI203,  and  Y203.  The  AI203  and  Y203 
aid  in  the  liquid-phase  sintering  of  SiC  and  form  in  situ 
YAG,  which  has  a  significant  thermal  expansion  mis- 
match with  SiC.  During  a  subsequent  grain-growth 
heat  treatment,  it  is  postulated  that  the  alpha-SiC 
'seeds'  assist  in  controlling  in  situ  growth  of  the  elon- 
gated alpha-SiC  grains. 
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Vickers  indentation  sites  in  ceramics  have  been  exam- 
ined after  specimen  failure  from  medial-radial  indenta- 
tion cracks.  Evolution  of  a  newcracking  pattern  of 
'ortho-lateral'  cracks,  originating  at  the  intact  corners 
of  the  Vickers  indentation  and  running  orthogonal  to 
the  classic-lateral  cracks  and  parallel  to  the  new  frac- 
ture surface,  has  been  observed.  In  some  instances 
postfailure  extension  of  the  classic-lateral  cracks  to- 
ward the  surface  was  also  observed.  Enhanced  resid- 
ual tensile  stress  from  relaxation  of  constraints  on  the 
indentation-plastic  cavity  by  the  generation  of  a  frac- 
ture surface  is  postulated  to  drive  the  subsidiary  crack- 
ing. A  simple  qualitative  model  to  explain  this  phe- 
nomenon is  presented.  Possible  implications  of  such 
postfailure  subsidiary  cracking  on  residual-stress-driv- 
en flaws,  postmortem  fractography,  and  wear  in  ce- 
ramics are  discussed. 
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Structural  reliability  of  ceramics  at  elevated  tempera- 
tures is  often  determined  by  crack  growth,  or  by  creep 
induced  cavitation.  Ceramics  that  fail  in  this  manner  fit 
a  Monkman-Grant  relation,  in  which  the  time  to  failure 
is  represented  as  a  power  las  function  of  the  creep 
rate.  In  the  paper  the  authors  show  that  the  Monkman 
Grant  approach  can  be  used  to  obtain  fracture  maps 
for  characterizing  creep  and  creep  rupture  behavior  at 
high  temperatures.  Maps  are  presented  for  ceramics 
currently  being  considered  for  turbine  or  heat  ex- 
changer applications.  Attributes  of  current  grades  of 
silicon  nitride  are  compared. 
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In  order  to  use  structural  ceramics  in  heat  engines, 
their  high  temperature  properties  must  be  character- 
ized. Temperatures  as  high  as  1400  degrees  C  are  ex- 
pected, hence,  test  equipment  capable  of  this  tempera- 
ture will  be  needed.  Furthermore,  as  the  dominant 


wear-out  mechanism  for  high  temperature  applications 
is  creep  rupture,  test  equipment  must  not  only  be  capa- 
ble of  high  temperatures  and  stresses,  but  must  be  sta- 
ble and  must  be  able  to  sustain  applied  stresses  for 
extended  periods  of  time.  In  the  paper,  the  authors  dis- 
cuss an  inexpensive  tensile  tests  apparatus  that  can 
be  used  to  collect  creep  data  for  the  prediction  of  com- 
ponent lifetime.  They  use  this  equipment  to  collect 
creep  and  creep  rupture  data  on  two  grades  of  silicon 
nitride.  They  also  demonstrate  the  general  tendency 
of  silicon  nitride  ceramics  to  follow  a  Monkman-Grant 
type  of  stress  rupture  behavior.  The  tendency  permits 
a  simple  design  methodology  to  be  used  for  lifetime 
prediction. 
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Topography  of  surfaces  produced  in  finish  hard  turning 
using  cubic  boron  nitride  (CBN)  tools  is  affected  by  a 
large  number  of  factors  including  tool  wear  and  the  me- 
chanics of  the  chip  formation  process.  The  paper 
shows  first  that  tool  wear  rates  are  affected  by  inter- 
actions between  the  world  material  and  binder  phase 
of  the  CBN  tool.  For  finish  hard  turning,  low  CBN  con- 
tent, ceramic  binder  tools  give  longer  lives  and  better 
finish  than  high  CBN  content  metallic  binder  tools.  For 
low  CBN  tools,  wear  rate  is  directly  related  to  the 
microstructure  of  the  work  material  and  to  the  CBN 
grain  size.  SEM  studies  suggest  that  chip  morphology 
is  independent  of  work  material  microstructure,  but  var- 
ies with  tool  wear.  Orthogonal  cutting  tests  show  that, 
above  a  critical  speed,  segmented  chips  are  formed 
by  catastrophic  localized  shear  and  that  chip  seg- 
mentation spacing  may  be  reflected  in  a  mdoulation  of 
the  machined  surface.  Segment  spacing  is  a  function 
of  depth  of  cut,  rake  angle,  and  surface  speed,  ap- 
proaching a  limiting  value  with  speed.  Specific  cutting 
energies  decrease  with  speed,  also  approaching  an 
asymptote.  A  simple  mechanical  model  gives  reason- 
able predictions  of  segment  spacing  along  the  original 
surface,  although  a  full  thermo-plastic  model  will  be  re- 
quired to  account  for  other  aspects  of  the  chip  forma- 
tion process. 
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Concrete  is  a  multi-length  scale  composite  material. 
From  the  nanometer  to  the  millimeter  scale,  it  is  a  ran- 
dom composite,  and  a  different  random  composite  at 
each  length  scale.  Percolation  processes  play  a  key 
role  in  the  microstructure  of  concrete,  and  help  to  de- 
scribe the  overall  dependence  of  transport  properties 
like  ionic  diffusivity  on  the  microstructure.  Computer 
models  have  been  developed  to  describe  the 
microstructure  and  transport  properties,  as  the  ran- 
domness of  the  material  precludes  most  (but  not  all) 
analytical  formulations.  The  overall  description  of  con- 
crete, over  six  orders  of  magnitude  of  length  scales, 
in  terms  of  computer  models,  precolation  theory,  and 
composite  ideas  is  of  interest  to  those  studying  other 
random  materials  as  well,  like  ceramics  and  rocks.  This 
report  is  written  to  present  the  ideas  for  concrete  in 
such  a  way  so  as  to  be  accessible  to  the  non-cement 
researcher.  It  is  hoped  that  these  ideas  will  prove  to 
be  useful  in  other  materials. 
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The  paper  examines  the  sources  of  error  in  strain 
measurement  using  flag-based  extensometry  that 
uses  either  scanning  laser  or  electroptical 
extensometers.  These  errors  fall  into  two  groups:  er- 
rors in  measuring  the  true  gauge  length  of  the  speci- 
men, which  arise  from  the  method  of  attachment  of  the 
flags,  and  errors  arising  from  unanticipated  disortions 
of  the  specimen  during  testing.  The  sources  of  errors 
of  the  first  type  include  gauge-length  errors  from 
nonparallel  flags  and  uncertainties  in  the  true  attach- 
ment point  of  the  flag.  During  the  test,  strain-measure- 
ment errors  of  the  second  type  can  arise  from  hori- 
zontal translation  of  nonparallel  flags,  flag  rotation  that 
is  induced  by  slippage,  and  flag  motion  from  bending 
of  the  gauge  length. 
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Sputtered  Ni80Fe20/Ag  multilayers,  annealed  post- 
growth,  exhibit  giant  magnetoresistance  (GMR)  with 
pronounced  field  sensitivity.  The  authors  have  charac- 
terized a  series  of  Ni80Fe20(20  Angstroms/Ag(40 
Angstroms))  multilayers  annealed  at  temperatures 
ranging  from  305  to  335  degrees  C  using  x-ray  and 
polarized  neutron  reflectivity  techniques.  For  all  of  the 
samples,  specular  x-ray  measurements  reveal  that  the 
laterally  averaged  interfaces  between  the  Ni80Fe20 
and  Ag  layers  are  not  well  defined.  The  growth-plane 
morphology  of  the  multilayers,  determined  from  off- 
specular  x-ray  diffraction,  shows  a  dependence  on  an- 
nealing temperature.  Specular  and  off-specular  polar- 
ized neutron  reflectivity  data  indicate  that  the  GMR  in 
the  annealed  samples  does  not  arise  from  long-range 
antiferromagnetic  alignment  of  coherent  ferromagnetic 
sheets,  as  generally  observed  in  related  materials.  In- 
stead, annealing  promotes  the  formation  of  planar  fer- 
romagnetic domains  of  micrometer  size  within  each 
Ni80Fe20  layer  that  are  antiferromagnetically  cor- 
related along  the  growth  axis.  The  length  scales  of 
these  domains  are  consistent  with  a  model  in  which 
weak  dipolar  forces  dominate  the  interactions  between 
them. 
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The  nanoscale  structure  and  synthesis  mechanisms  of 
the  MCM-41  class  of  inorganic  mesoporous  materials 
have  been  investigated  by  small  angle  neutron  scatter- 
ing (SANS).  SANS  measurements  with  solvents  im- 
bibed in  the  pores  to  vary  the  scattering  contrast  dem- 
onstrate that  the  low  angle  diffraction  peaks  from  these 
materials  are  entirely  due  to  the  pore  structure  and  that 
the  pores  are  fully  accessible  to  both  aqueous  and  or- 
ganic solvents.  Static  and  shear  flow  SANS  measure- 
ments on  the  concentrated  cationic  surfactant  and  sili- 
cate precursor  solutions  typically  used  in  the  synthesis 
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of  the  mesopore  materials  indicate  that  the  existence 
of  preassembled  supramolecular  arrays  that  mimic  the 
final  pore  structure  is  not  essential  for  the  synthesis 
of  these  materials. 
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Elastic,  plastic,  and  cracking  properties  of  Zr02,  a 
Zr02-metal  composite,  and  a  Ni-NiO  composite,  all 
plasma-sprayed  as  coatings  on  metallic  substrates, 
have  been  studied.  Data  comparisons  were  made  with 
bulkZr02,  bulk  nickel,  and  single-crystal  silicon  as  ref- 
erence materials.  A  nanoindentation  and  scratching 
apparatus  was  used  for  the  measurements.  Three  dif- 
ferent indenter  and  scratching  tool  shapes  were  used: 
200  micrometers  radius  sphere,  Vickers  four-sided  pyr- 
amid, and  a  45  degree  wedge  with  a  0.5-mm  radius 
curved  edge.  During  indentation,  over  a  load  range  of 
10  mN  to  1  N,  continuous  load  versus  depth  data  were 
obtained  in  each  case  to  permit  analysis  for  material 
hardness  and  elastic  modulus.  The  loading  curve  data 
are  used  to  calculate  hardness,  and  the  unloading 
curve  data  are  used  to  calculate  elastic  modulus.  The 
analytical  models  used  are  described  and  compared. 
An  alternate  method  for  deriving  elastic  modulus  from 
the  initial  portion  of  the  loading  curve  is  described. 
Comparison  among  the  results  for  different  tool  shapes 
will  be  discussed. 
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Existing  ceramic  wear  models  have  been  evaluated 
against  a  large  set  of  wear  data  of  a  Si3N4  and  a  SiC 
under  dry  sliding  condition.  The  wear  data  cover  a  wide 
range  of  speeds  and  loads.  The  data  include  various 
wear  mechanisms:  deformation,  fracture,  and  severe 
fracture  corresponding  to  milk  wear,  severe,  and  ultra- 
severe  wear  regimes.  Transition  zones  separate  indi- 
vidual wear  regimes.  The  wear  models  are  assessed 
for  their  ability  to  predict  both  the  level  of  wear  and  the 
locations  of  the  wear  transitions.  The  fracture  models 
predict  well  in  the  severe  wear  regime  but  deviate  from 
the  data  in  the  milk  and  ultra-severe  wear  regimes.  In 
predicting  the  locations  of  wear  transitions,  the  mild- 
to-severe  wear  transitions  can  be  predicted  reasonably 
well.  The  severe-to-ultra-severe  wear  transition  in  both 
materials  can  be  successfully  described  by  a  critical 
velocity  model.  This  suggests  that  thermal-shock-in- 
duced fracture  damages  are  responsible  for  the  exist- 
ence of  the  ultra-severe  wear  regime.  Consequently, 
a  modified  model  was  developed  to  include  the  thermal 
shock  stresses. 


03, 1 13 

PB97-122592       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Ceramics  Div. 

Chemical  Effect  in  Ceramics  Grinding. 

Final  rept. 

T.  N.  Ying,  and  S.  M.  Hsu.  1996,  6p. 
Pub.  in  Proceedings  of  the  International  Tribology  Con- 
ference, Yokohama,  Japan,  October  29-November  2, 
1995,  p1 725-1 730  1996. 

Keywords:  "Ceramics,  "Coolants,  "Machining  rate, 
Particles,  Diamond  wear,  Silicon  nitride,  Reprints, 
"Foreign  technology. 

Ceramics  are  tough  and  hard  and  require  diamond 
tooling  to  machine  or  cut.  The  chemical  effects  of  cool- 


ants in  ceramic  grinding  have  received  relatively  little 
attention.  The  paper  describes  various  chemical  ef- 
fects of  coolants  on  machining  rates,  surface  finish, 
and  explains  why  some  chemistries  can  improve  grind- 
ing rates  of  tough  ceramics  several  order  of  mag- 
nitudes. 
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Significant  reports  covering  the  period  since  1 962  were 
selected  for  this  study,  with  reference  to  relevant  ear- 
lier works.  Recent  government  RD  on  volatile  corrosion 
inhibitors  (VCI)  has  generally  proceeded  along  three 
lines:  extension  of  tests  defining  the  protective  value 
of  these  materials  for  longer  storage  periods  to  steel 
equipment,  tolerances  of  various  nonferrous  materials 
and  finishes  toward  tarnishing  or  corrosion  by  these 
materials,  and  effectiveness  of  exterior  packaging  ma- 
terials in  extending  use  of  these  inhibitors  to  more  se- 
vere exposures  of  water  vapor  and  liquid.  Volatile  cor- 
rosion inhibitors  in  the  form  of  salts,  dissolved  in  oils, 
or  coated  on  paper  within  enclosed  shipment  parcels 
or  storage  spaces  offer  improved  corrosion  protection 
to  hare  steel  while  it  is  in  a  ready  condition  for  with- 
drawal and  immediate  use. 
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A  family  of  air-dry  intaglio  resin  alkyds  has  been  devel- 
oped. The  alkyds  are  based  on  pentaerythritol,  se- 
bacic, acid,  linseed  oil  fatty  acids  and  succinic  anhy- 
dride. In  laboratory  tests,  intaglio  inks  made  from  these 
resins  washed  well  and  cured  to  satisfactorily  resistant 
films.  Industrial  quantities  for  press  trials  have  been 
synthesized  by  a  third  party.  A  second  series  of  resins 
has  also  been  developed.  These  resins  are  based  on 
tripentaerythritol,  linseed  oil  fatty  acids  and  succinic 
anhydride.  Satisfactory  washing  and  solvent  resist- 
ance are  obtained  in  laboratory  tests.  A  third  series  of 
resins  based  on  polyvinyl  alcohol)  was  synthesized 
but  did  not  appear  to  be  satisfactory  for  industrial  de- 
velopment. The  temperature  program  is  important  in 
the  synthesis  of  alkyds.  The  influence  of  temperature 
has  been  studied  so  that  satisfactory  resins  can  be 
made  industrially  in  minimum  time. 
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Laser  photolysis,  optical  emission,  and  laser-induced 
fluorescence  (LIF)  were  used  to  study  laser  driven  de- 
composition processes  in  the  gas  phase  pertaining  to 
the  systems:  SiH4  ->  Si  (s)  and  SiH4  +  NH3  ->  Si3N4 
(s).  These  processes  are  important  to  silicon/silicon- 
nitride  chemical  vapor  deposition,  flame-driven  gas 
phase  silicon-particle  nucleation,  and  laser-induced 
processes  for  materials  fabrication.  UV  laser  photolysis 
was  used  to  generate  SiHx  and  NHx  species  from  sil- 
ane  and  ammonia.  A  number  of  photo-fragments  were 
identified  by  emission  from  excited  states.  The  rate  of 
reaction  of  NH2  with  silane  was  measured  using  LIF 
to  detect  NH2  as  a  function  of  time  following  photolysis 
of  ammonia. 
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Numerical  modeling  of  gas  phase  chemical  kinetic  was 
used  to  investigate  reactions  following  silane  decom- 
position to  suggest  experimental  conditions  and  to  in- 
terpret concentration  measurements.  The  effects  of 
concentration  and  temperature  gradients  on  kinetic 
pathways  and  reactive  intermediates  were  studied. 
These  processes  are  relevant  to  silicon  and  silicon- 
nitride  chemical  vapor  deposition  (CVD),  to  flame-driv- 
en gas  phase  particle  nucleation,  and  to  laser-induced 
processes  for  materials  fabrication. 
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A  variety  of  techniques  exist  for  depositing  coatings  on 
ceramic  and  carbon  fibers.  The  paper  reviews  several 
of  these  techniques  and  their  advantages  and  dis- 
advantages and  points  out  several  deficiencies  in  uni- 
formly and  reproducibly  coating  the  fibers. 
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Theoretical  and  experimental  studies  were  carried  out 
for  the  transport  of  cations  in  the  channel  between  a 
polymer  coating  and  a  metal  substrate  from  a  defect 
in  the  absence  of  an  electrical  applied  potential.  The 
model  consists  of  two  stages:  an  initial  period  during 
which  ions  diffuse  in  the  coating/metal  interracial  'chan- 
nel' and  adsorb  on  the  coating  surface  and  a  propaga- 
tion period  during  which  ions  also  diffuse  into  the  coat- 
ing. The  mathematical  models  were  solved  to  predict 
the  cation  concentration  and  flux  under  the  coating  and 
the  relative  rate  of  diffusion  between  initial  and  propa- 
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gation  periods.  Model  parameter  values  were  derived 
from  the  results  of  an  experiment  conducted  in  a  spe- 
cially designed  diffusion  cell.  The  results  also  indicated 
that  during  the  propagation  period,  the  rate  limiting 
step  was  the  lateral  diffusion  along  the  coating/metal 
interface  rather  than  diffusion  through  the  coating. 
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A  non-osmotic,  defect-controlled  cathodic 
disbondment  model  is  proposed  for  explaining  experi- 
mental results  which  were  inconsistent  with  an  osmoti- 
cally  controlled  disbondment  process.  The  proposed 
model  attempts  to  integrate  the  physics  of  blister  initi- 
ation and  growth  (that  is,  the  development  of  internal 
stresses  and  the  fracture  of  the  coating  from  the  sub- 
strate as  the  blister  grows  in  size)  with  the  better  eluci- 
dated chemistry  of  blister  growth.  The  proposed  model 
has  many  features  which  are  analogous  to  the  buckling 
and  stress  corrosion  cracking  models  proposed  for 
other  materials.  It  also  provides  an  alternative  expla- 
nation for  the  well-known  barrier-effect  in  coatings. 
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A  colloidal-chemistry-based  technique  was  developed 
for  interface  modification  of  silicon  carbide  platelets 
(SiCp)  by  coating  with  alumina  particles.  The  coating 
process  utilizes  electrostatic  and/or  electrosteric  inter- 
actions between  the  particles  to  promote 
heterocoagulation.  Since  an  understanding  of  the 
chemical  interface  between  the  SiCp  and  alumina  is 
important  for  improving  the  coating  process,  the  pow- 
ders were  characterized  by  the  measurement  of  the 
electrokinetic  sonic  amplitude  (ESA).  The  majorfactors 
studied  were  particle  size,  type  of  alumina,  presence 
of  polyacrylate  surfactant,  and  concentration  of  alu- 
mina in  the  coating  slip.  The  surface  coverage  and 
morphology  of  the  alumina  coating  on  SiCp  was  deter- 
mined quantitatively  by  scanning  electron  microscopy 
(SEM).  The  results  indicate  that  around  pH  5.8,  the 
surface  charge  difference  between  SiCp  and  alumina 
was  the  largest  and  the  coating  of  alumina  on  SiCp 
was  feasible.  The  SEM  data  showed  that  surface  cov- 
erage was  uniform,  and  the  highest  surface  coverage 
on  SiCp  was  66%  when  the  surface  area  ratio  of  alu- 
mina to  SiCp  was  250%  in  the  suspension.  No  signifi- 
cant improvement  of  the  coating  rate  was  observed  by 
the  addition  of  a  polyacrylate  for  dispersion  of  SiCp. 
The  concentration  of  alumina  in  the  slip  exhibited  a 
strong  influence  on  the  amount  of  surface  coverage  on 
SiCp. 
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One  of  the  main  reasons  for  the  lack  of  a  complete 
understanding  of  corrosion  and  adhesion  failures  of  a 
coated  metal  is  the  lack  of  analytical  instrumentation 
to  probe  the  behaviors  of  corrosive  agents  at  the  coat- 
ing/steel interface.  We  have  developed  a  procedure 
based  on  microelectrodes  for  studying  in  situ  the  be- 
haviors of  potential  and  chloride  ions  at  a  coating/metal 
interface.  The  procedure  requires  an  attachment  of  a 
Cl(-)  selective  microelectrode  at  the  coating/metal 
interface,  thus  allowing  direct  measurements  of  Cl(-) 
concentration  and  corrosion  potential  changes  at  local- 
ized areas  under  a  coating.  Although  it  is  intricate  to 
prepare  these  microelectrodes,  the  procedure  pro- 
vided very  useful  information  for  mechanistic  studies 
of  corrosion  under  coatings,  as  well  as  for  transport 
studies  of  Cl(-)  ions  through  a  coating  on  metal.  The 
procedure  should  also  be  very  useful  for  studying  the 
roles  of  Cl(-)  in  localized  corrosion. 
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The  use  of  fluorescent  x-ray  methods  to  measure  the 
thickness  and  composition  of  electroplated  solder  coat- 
ings is  subject  to  measurable  errors  associated  with 
the  spontaneous  decomposition  of  the  metastable 
state  of  the  freshly  deposited  coating.  The  rate  of 
change  at  room  temperature  drops  off  with  time,  but 
is  evident  for  at  least  90  days. 
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Over  the  last  two  decades,  the  organic  coatings  indus- 
try has  undergone  rapid  technological  and  structural 
changes.  These  changes  have  been  induced  by  legis- 
lative actions  such  as  restrictions  pertaining  to  hazard- 
ous chemicals,  toxic  effluents,  and  volatile  organic 
compounds.  The  consequence  of  these  changes  has 
been  the  displacement  of  almost  all  commercially-im- 
portant, well-established  coatings  (largely  high-solvent 
coatings)  by  newer  systems,  the  formulation  and  appli- 
cation of  which  are  based  on  different  chemistries  and 
technologies.  This  report  reviews  the  attributes  of  the 
service  life  prediction  problem  which  are  common  to 
all  materials,  components,  and  systems  in  an  effort  to 
establish  a  set  of  criteria  for  assessing  the  adequacy 
of  existing  or  proposed  service  life  prediction  meth- 
odology for  coating  systems.  The  current  durability 
methodology  and  the  reliability-based  methodology  are 
then  evaluated  against  these  criteria.  The  proposed 
criteria  include  the  ability  to  (1)  handle  high  variability 
in  the  time-to-failure  data  for  nominally  identical  coated 
panels  exposed  in  the  same  service  environment,  (2) 
analyze  multivariate  and  censored  time-to-failure  data, 
(3)  establish  a  connection  between  laboratory  and  field 
exposure  results,  and  (4)  quantitatively  predict  the 
service  life  of  a  coating  system  exposed  in  its  intended 
service  environment. 
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The  use  of  advanced  surface  modification  and  coating 
methods  to  improve  tribological  characteristics  of  ma- 
terials is  an  important  development  in  recent  years. 
Considerable  effort  is  being  expended  on  development 
of  new  coating  materials,  both  hard  and  soft,  on  new 
techniques  of  alteration  of  near-surface  material,  and 
on  important  questions  of  coating  adhesion,  and  sys- 
tem residual  stresses.  This  Chapter  will  briefly  mention 
some  of  the  current  areas  of  research  and  develop- 
ment in  the  U.S.,  although  space  limitations  and  lack 
of  information  on  proprietary  methods  will  not  permit 
a  thorough  discussion.  In  addition,  examples  of  two 
techniques  of  surface  improvement  will  be  described. 
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Porosity  is  an  important  factor  in  determining  the  phys- 
ical properties  of  plasma  sprayed  deposits.  A  signifi- 
cant fraction  (2  -  15%)  of  the  deposit  volume  consists 
of  voids.  These  voids  are  in  the  form  of  pore  between 
the  splats  and  around  any  inclusions  (unmelted  par- 
ticles) that  may  be  present,  and  in  the  form  of  cracks 
within  the  splats.  Neither  the  pores  nor  the  cracks  are 
spherical  in  shape,  and  the  splat  structure  is  circularly 
symmetric  only  when  viewed  from  the  spray  direction. 
The  microstructure  of  a  plasma  sprayed  deposit  con- 
tains significant  anisotropy  in  the  void  shapes  and 
there  may  be  significant  alignment  of  some  of  these 
shapes  along  particular  directions.  In  this  research,  the 
voids  in  plasma  sprayed  deposits  were  investigated  by 
measuring  the  specific  surface  areas  of  the  voids  from 
the  terminal  slope  of  small-angle  neutron  scattering, 
i.e.,  Porod  scattering,  by  the  deposits,  and  by  means 
of  mercury  intrusion  porosimetry.  The  results  indicate 
that  much  of  the  void  surface  area  is  found  perpendicu- 
lar to  the  substrate  and  is  associated  with  cracks.  The 
second  population  of  voids  is  found  mostly  parallel  with 
the  substrate  and  is  associated  with  interlamellar 
pores.  The  surface  areas  measured  by  means  of 
porosimetry  were  smaller  than  the  surface  areas  de- 
rived from  scattering,  and  were  probabily  influenced  by 
the  presence  of  closed  porosity,  by  the  void  model  and 
by  the  low  precision  for  measuring  small  voids. 
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An  overview  of  ongoing  research  on  a  triblock  copoly- 
mer subjected  to  steady-shear  flow  is  presented.  The 
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copolymer  is  composed  of  polystyrene-polybut  adiene- 
polystyrene  (23  st%  polystyrene-degrees)  with  cylin- 
drical morphology  in  the  quiescient  state.  The  order- 
disorder  transition  (ODT)  was  studied  by  in-situ  SANS 
in  a  couette  geometry  as  a  function  of  temperature  and 
shear  rate.  We  observed  that  the  ODT  temperature 
shifted  upward  by  20  degrees  C  as  the  shear  rate  was 
increased  from  -  0.1  to  25  s  to  the  minus  1.  Sheared 
samples  were  also  quenched  and  studied  by  trans- 
mission electron  microscopy.  A  unique  shear-induced 
morphology  was  found  and  tentatively  identified  as  a 
transformation  from  the  original  p31m  space  group  to 
a  p3m1  space  group  of  lower  symmetry,  similar  to  a 
martensitic  transformation  in  metals. 
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Lead  in  paints  is  one  of  the  major  sources  of  lead  poi- 
soning in  children.  Polymeric  encapsulant  is  consid- 
ered a  viable  approach  for  controlling  the  hazards  as- 
sociated with  lead-based  paints.  Encapsulant  is  con- 
sidered a  viable  approach  for  controlling  the  hazards 
associated  with  lead-based  paints.  This  study  aimed 
to  provide  a  technical  basis  for  the  development  of  a 
standard  test  method  for  lead  leaching  through  poly- 
meric encapsulants.  The  effects  of  pigment  type  and 
concentration  in  the  film,  chemical  types  and  pH  of 
leaching  solutions,  and  encapsulants  of  different  ge- 
neric resins  on  the  leaching  of  lead  from  a  lead-based 
film  with  and  without  an  encapsulant  covering  it  were 
investigated. 
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At  NCCA's  Fall  Conference  in  Rosemont,  IL,  this  past 
September,  attendees  heard  about  a  proposed  consor- 
tium to  improve  coating  technology.  The  consortium  is 
being  organized  at  the  National  Institute  of  Standards 
and  Technology  (NIST)  in  Gaithersburg,  MD,  but  will 
be  directed  by  a  board  composed  mainly  of  industrial 
members. 
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A  summary  of  the  work  on  a  triblock  copolymer  under 
steady  shear  is  presented.  The  experiments  were  con- 
ducted using  small-angle  neutron  scattering  (SANS), 
as  a  function  of  shear  rate  and  temperature,  and  trans- 
mission electron  microscopy  (TEM)  on  quenched 
specimens.  The  triblock  copolymer  is  composed  of  pol- 


ystyrene d8/polybutadiene/polystyrene-d8,  and  the  or- 
dered microstructure  normally  consists  of  hexagonally 
packed  cylinders.  Two  temperature-dependent,  char- 
acteristic shear  rates,  gamma(cl)  and  gamma(c2),  are 
identified  from  the  scattering  results.  The  first  char- 
acteristic shear  rate  identifies  the  shear  rate  required 
to  go  from  a  disordered  state  to  an  ordered  state,  while 
the  second  characteristic  shear  rate  is  interpreted  as 
the  shear  rate  necessary  to  produce  a  different  ordered 
morphology. 
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The  report  documents  the  workshop  on  manufacturing 
composites  by  liquid  molding,  held  at  NIST  September 
20-22,  1993.  The  workshop  was  jointly  sponsored  by 
NIST,  Ford,  and  General  Electric,  and  attracted  a  di- 
verse international  group  of  participants  from  Industry, 
University  and  government.  Eight  invited  lectures  were 
presented,  and  then  the  workshop  divided  into  five  dis- 
cussion groups  to  focus  on  particular  issues.  A  small 
number  of  critical  issues  were  identified,  including 
preform  deformation  inside  and  outside  of  the  mold, 
high  speed  processing,  and  the  establishment  of 
standard  reference  materials,  data,  and  test  methods. 
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Ceramic  matrix  composites  are  being  developed  to  im- 
prove the  toughness  of  ceramics  in  structural  applica- 
tions. Modest  success  has  been  experienced  in  manu- 
facturing ceramic  matrix  composites  for  which  it  is  pos- 
sible to  double  the  room  temperature  toughness  while 
still  retaining  the  high  strength  of  the  untoughened  ma- 
terial. As  many  of  these  new  composites  are  expected 
to  be  used  at  high  temperatures,  their  mechanical  be- 
havior at  both  high  and  low  temperature  must  be  char- 
acterized. In  the  paper,  creep  and  creep  rupture  of  both 
particulate  and  whisker  reinforced  ceramic  matrix  com- 
posites are  discussed.  Principal  findings  of  experi- 
mental investigations  on  these  materials  indicate:  (1) 
resistance  to  creep  deformation  is  greater  in  compres- 
sion than  in  tension:  (2)  the  creep  rupture  lifetime  fol- 
lows a  Monkman-Grant  behavior  in  which  the  lifetime 
can  be  expressed  as  a  power  function  of  the  steady 
state  creep  rate;  (3)  the  principal  mechanism  of  failure 
in  creep  is  interracial  cavitation.  Cavities  nucleate  at 
interfaces  and  then  grow  into  full  facet  cavities.  Failure 
occurs  either  by  the  growth  or  the  linkage  of  these  cav- 
ities to  form  critical  size  cracks  in  the  composite. 
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In  certain  marine  applications,  thick  polymer-compos- 
ite materials  may  have  to  endure  different  operating 
environments  than  those  experienced  in  traditional 
aerospace  applications.  In  particular,  structures  made 
of  such  materials  may  experience  very  large  compres- 
sive and  bending  forces.  To  prevent  in-service  failure, 
appropriate  NDE  methods  and  instrumentation  are 
needed  to  characterize  the  state  of  the  material.  Spe- 
cifically, in  addition  to  detecting  high-contrast  anoma- 
lies (cracks  and  delaminations)  it  may  be  of  interest 
to  determine  the  pore  content,  measure  the  fiber  vol- 
ume, assess  the  severity  of  fiber  waviness,  and  the 
like.  The  NDE  requirements  of  thick  marine  composites 
cannot  be  met  by  using  traditional  ultrasonic  instru- 
mentation, particularly  in  the  pulse-echo  mode.  For  ex- 
ample, conventional  ultrasonic  instruments  often  lack 
features  that  permit  effective  pulse-echo  operation 
below  1  MHz  and  have  limited  dynamic  range.  In  this 
paper,  we  describe  specific  approaches  that  overcome 
the  above  limitations.  Specifically,  we  describe  a  par- 
ticularly effective  transmit/receive  circuit  configuration 
that  offers  large  dynamic  range  greater  than  60  dB, 
wide  bandwidth  (100  kHz  -  60  MHz),  and  fast  recovery. 
We  also  describe  the  design  of  a  very-low-noise,  high- 
impedance  input  preamplifier.  We  found  that  this  pre- 
amplifier is  particularly  useful  for  conditioning  signals 
generated  by  very  small  ('phase  insensitive')  receiver 
transducers. 
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The  fracture  toughness  of  whisker  reinforced  noncubic 
ceramic  matrices  increases  with  increase  in  matrix 
grain  size,  d,  as  well  as  increased  whisker  content.  An 
analytical  description  for  a  grain  bridging  toughening 
contribution  is  derived  which  is  combined  with  the 
whisker  bridging  contribution  to  describe  the  tough- 
ness of  such  composites.  Results  for  SiC  whisker  rein- 
forced alumina  composites  confirm  the  predicted  d  1/ 
2  dependence  of  the  fracture  toughness. 
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An  experimental  approach  has  been  developed  using 
a  single  fiber  pull-out  test  to  measure  the  intrinsic  ma- 
terials properties  of  a  ceramic  composite  interface. 
These  properties  are  determined  from  the  force-dis- 
placement curve,  which  is  directly  related  to  reinforce- 
ment toughening  of  composites  via  a  fiber-debonding 
and  frictional  pull-out  process.  These  interface  prop- 
erties were  evaluated  for  a  model  composite  system 
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of  continuous  SiC  fibers  with  various  surface  treat- 
ments in  a  borosilicate  glass  matrix.  For  the  processing 
conditions  used  the  interface  fracture  toughness  and 
the  interface  frictional  shear  resistance,  were  found  to 
be  1.0  +  or  -  0.5  J/sq  m  and  3.3  +  or  -  0.6  MPa, 
respectivley,  for  as-received  fibers.  Experiments  con- 
ducted with  long  embedded  fiber  lengths  to  be 
deconvolved  into  an  interface  friction  coefficient  of  acid 
washed  fibers  has  an  increased  interface  toughness, 
3.6  +  or  -  0.1  J/sq  m,  and  friction  coefficient,  0.08  + 
or  -  0.02,  but  approximately  the  same  initial  clamping 
matrix  thermal  expansion  mismatch  and  from  meas- 
urements of  the  stress  birefringence  of  glass  were  in 
general  agreement  with  this  value. 
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Evidence  for  the  presence  of  asperities  at  the  sliding 
interface  of  a  ceramic-fiber  composite  is  presented. 
The  origins  of  different  types  of  asperities  are  dis- 
cussed. A  micro-mechanical  model  for  the  role  of  the 
interfacial  asperities  is  developed  and  related  to  meas- 
ured quantities.  Asperities  play  a  direct  role  in  the  be- 
havior of  the  debonded  tip,  but  only  indirectly  enhance 
the  dominate  fracture  mechanism  which  is  strain-en- 
ergy-release by  friction  along  the  mode  II  crack  flank. 
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Because  of  their  high  strength  and  toughness  at  ele- 
vated temperatures,  fiber  reinforced  ceramic  compos- 
ites have  become  potential  candidates  for  the  next 
generation  of  turbine  engine  materials  for  aerospace 
applications.  A  generic  model  is  proposed  for  assess- 
ing lifetime  of  this  class  of  materials  when  subjected 
to  long-term  creep  rupture  conditions.  This  two  dimen- 
sional model  consists  of  interfacial  cracks  growing 
beween  square  grains  and  rectangular  fibers  in  the  di- 
rection normal  to  the  principal  tensile  stress  axis.  Ne- 
glecting transient  effects,  the  total  lifetime  is  derived 
based  on  the  criterion  that  rupture  is  due  to  coales- 
cence of  adjacent  cracks.  It  is  found  that  lifetime  is  in- 
versely proportional  to  crack  growth  rate,  volume  frac- 
tion, and  aspect  ratio  of  the  fibers;  but  extremely  sen- 
sitive to  the  applied  stress  owing  to  the  high  power  of 
the  V-K(sub  I)  law.  This  lifetime  estimation  seems  to 
be  in  fair  agreement  with  the  creep  rupture  data  of 
SiCw/Si3N4  composite  with  0  and  30  vo1%  reinforce- 
ment tested  at  1250  C  in  air.  Furthermore,  TEM  per- 
formed on  the  post  crept  specimens  revealed  that 
creep  damage  is  predominantly  in  the  form  of 
microcracks  at  matrix/matrix  as  well  as  fiber/matrix 
interfaces,  approximately  in  accord  with  the  model  sim- 
ulation. 
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The  asymmetric  tip  morphology  of  a  creep  microcrack 
propagating  along  a  bimaterial  interface  is  presented 
based  on  the  assumptions  that  the  near-tip  shapes  are 
developed  from  surface  diffusion  controlled  crack 
growth  and  that  a  steady  state  prevails.  Following 
Chuang  and  Rice,  a  single  master  curve  still  can  ade- 
quately describe  the  near-tip  shapes  to  within  6%  ac- 
curacy, but  four  cases  of  crack-tip  morophology 
emerge  depending  on  the  ratio  of  surface  to  interfacial 
free  energy  and  diffusivity  of  the  adjoining  phases.  For 
fixed  ratios  of  the  two  surface  diffusivities,  crack  tip 
morphology  maps  in  the  space  of  specific  surface  en- 
ergies are  constructed  with  which  areas  associated 
with  each  individual  case  are  indicated.  Predicted 
cases  on  a  set  of  bimaterial  systems  are  tabulated  and 
discussed.  TEM  photos  of  creep  crack  tips  in  alumina 
and  silicon  nitride  are  presented  for  illustration.  The  in- 
formation given  here  is  essential  to  a  coupled  analysis 
diffusion  and  elastic  deformation  at  a  composite  inter- 
face which  may  ultimately  yield  predictions  of  the 
delamination  rate  between  the  reinforcing  phase  and 
the  matrix  phase  as  a  function  of  applied  stress,  tem- 
perature and  other  relevant  materials'  constants. 
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An  assessment  of  strength,  creep,  and  fatigue  meas- 
urement techniques  for  ceramic  matrix  composites  is 
made.  Many  of  the  techniques  available  for  composites 
testing  are  reviewed.  Tensile  tests,  not  flexure,  should 
be  used  for  experimental  measurements,  and  different 
tests  are  needed  for  material  development  and  system 
design.  Careful  attention  must  be  paid  to  specimen 
preparation.  Tests  used  for  monolithic  ceramics  can  be 
used  for  whisker-reinforced  materials.  Interlaboratory 
comparisons  are  also  needed  to  determine  the  repro- 
ducibility and  limitations  of  the  methodology  as  well  as 
material  behavior. 
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The  authors  consider  the  complete  set  of  elastic  con- 
stants of  composites  comprising  isotropic  uniaxial  fi- 
bers in  an  isotropic  matrix.  Such  materials  exhibit 
transverse-isotropic  symmetry  and  five  independent 
elastic  constants,  and  the  authors  calculate  and  dis- 
play all  these  constants  over  the  entire  fiber-volume- 
fraction  range,  0.0-1 .0.  They  also  consider  some  prac- 
tical elastic  constants  such  as  the  principal  Young 
moduli  and  the  principal  Poisson  ratios.  Except  for  one 
principal  Poisson  ratio,  all  other  elastic  constants  show 
negative  departures  from  a  linear  rule-of-mixture.  Be- 
cause one  often  uses  sound  velocities  to  study  such 
materials,  the  authors  give  results  for  the  four  principal 
sound  velocities. 
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The  mechanical  properties  of  alumina  ceramics  can  be 
improved  by  the  addition  of  pure  or  partially  stabilized 
zirconia  particles.  In  the  present  study,  the  wear  char- 
acteristics of  zirconia-toughened  alumina  (ZTA)  com- 
posites under  a  non-reactive  fluid  (paraffin  oil)  lubri- 
cated condition  were  investigated.  The  wear  transition 
load  (i.e.  the  load  at  which  a  rapid  increase  in  wear 
occurs)  increased  with  increasing  zirconia  content  up 
to  20  vol.%.  The  transition  from  mild  to  fracture-con- 
trolled wear  of  ZTA  depends  on  the  material  properties 
(e.g.  hardness,  elastic  modules),  the  contact  condi- 
tions (e.g.  hertzian  stress,  coefficients  of  friction)  and 
the  microstructure  of  the  material.  The  effect  of  the 
microstructure  on  wear  was  demonstrated  and  a  Hall- 
Petch-type  relationship  between  the  microfracture 
stresses  and  the  grain  size  was  found.  The  effect  of 
the  grain  size  distribution  on  the  wear  transition  load 
was  also  shown. 
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In  this  paper  we  discuss  the  creep  and  creep  rupture 
behavior  of  a  grade  of  hot  pressed  silicon  nitride  rein- 
forced with  30v/o  SiC  whiskers.  The  material  was  test- 
ed in  both  tension  and  compression  at  temperatures 
ranging  from  1 100  C  to  1250  C  for  periods  as  long  as 
1000  hr.  Principal  findings  were:  (1)  transient  creep 
due  to  devitrification  of  the  intergranular  phase  domi- 
nates high  temperature  creep  behavior;  (2)  at  high 
temperatures  and  stresses,  cavitation  at  the  whisker/ 
silicon  nitride  interface  enhances  the  creep  rate  and 
reduces  the  lifetime  of  the  silicon  nitride  composite;  (3) 
resistance  to  creep  deformation  is  greater  in  compres- 
sion than  in  tension;  (4)  the  time  to  rupture  is  a  power 
function  of  the  creep  rate,  so  that  the  temperature  and 
stress  dependence  of  the  failure  time  is  determined 
solely  by  the  temperature  and  stress  dependence  of 
the  creep  rate. 
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This  presentation  is  intended  to  discuss  the  current 
state  of  the  art  in  the  use  of  electrochemical  techniques 
for  the  fabrication  of  metal  and  intermetallic  matrix 
composites.  Electroforming  techniques  are  being  eval- 
uated for  fabrication  of  near  net-shape  composite 
structures,  for  example,  reusable  rocket  thrust  cham- 
bers. Copper  and  nickel  coated  fibers  are  presently 
being  used  in  polymer  matrix  composites  for  the  pur- 
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pose  of  EMI  shielding.  If  sufficiently  thick,  the  coated 
fibers  can  be  consolidated  into  metal  matrix  compos- 
ites by  hot  pressing  without  the  need  for  infusion  of  ad- 
ditional metal.  Electrocoatings  are  also  used  as  diffu- 
sion barriers  to  protect  carbon  fibers  from  degradation 
at  high  temperatures  due  to  carbide  formation  and  dis- 
solution of  carbon  into  the  matrix  alloy.  Another  use 
of  electroplating  is  to  provide  improved  fiber/matric 
interfacial  adhesion.  Multilayer  fiber  coatings  (e.g.  Fe/ 
Cu/AI)  can  provide  gradual  transitions  in  the  coefficient 
of  thermal  expansion  and/or  Young's  modulus.  These 
techniques  can  greatly  improve  the  mechanical  and 
thermal  properties  of  the  composites.  Metal  matrix 
composites  which  combine  high  stiffness  and  strength 
with  low  specific  gravity  are  of  particular  interest  in  ap- 
plications such  as  transportation  (e.g.  air  and  space 
craft,  automobiles)  and  high  speed  machinery  (e.g. 
textile  machinery,  drive  shafts). 
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Using  a  push-rod  dilatometer,  we  measured  between 
76  and  390  K  the  thermal  expansion  of  a  particle-rein- 
forced-composite  wrought  plate  obtained  by  powder- 
metallurgy  methods.  The  particles,  30%  by  volume, 
consisted  of  monocrystals  of  alpha-SiC  with  sizes  near 
10  micrometers.  The  matrix  consisted  of  a  6061  alu- 
minum alloy  with  original  particle  sizes  near  20  mi- 
crometers. We  found  the  perpendicular  thermal 
expansivity,  alpha  3,  higher  by  26%  than  the  in-plane 
thermal  expansivity,  alpha  1  approximately  equal  to 
alpha  2.  These  values  differ  from  a  rule-of-mixture  pre- 
diction by  -3  and  -23%,  respectively.  All  three  alpha 
components  lie  outside  the  Rosen-Hashin  bounds. 
Levin's  isotropic  model  agrees  within  10%  with  the 
alpha  1 -alpha  2-alpha  3  average.  Both  the  anisotropy 
and  the  bounds  violation  result  from  microstructural 
nonhomogeneity  arising  from  processing.  Rosen  and 
Hashin's  transverse-isotropic-symmetry  relationships 
account  approximately  for  these  effects  by  introducing 
the  anisotropic  elastic  constants.  Using  neutron  diffrac- 
tion, we  determined  that  the  SiC  particles  are 
textureless. 
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A  driving  force  for  implementation  of  on-line  process 
control  is  the  need  to  improve  the  efficiency  and  reli- 
ability of  polymer  composite  processing.  A  critical  ele- 
ment in  process  control  is  on-line  process  monitoring. 
This  paper  reviews  and  compares  the  most  important 
techniques  currently  under  development,  i.e.  dielectric, 
ultrasonic,  optical  and  spectroscopic  monitoring  meth- 
ods. A  number  of  technical  and  scientific  issues  that 
must  be  addressed  for  these  techniques  to  reach  their 
full  potential  are  identified.  The  chief  technical  barrier 
is  to  adapt  the  methods  to  operate  in  the  harsh  environ- 
ment of  a  factory  with  industrial  grade  resin  systems. 
The  major  scientific  barrier  is  a  need  to  improve  our 
ability  both  to  interpret  the  information  provided  by  the 
sensor  and  translate  this  data  into  process  control  in- 
formation. Although  these  issues  are  challenging, 
many  programs  are  currently  underway  to  address 
them  so  the  future  for  on-line  process  control  of  com- 
posites looks  very  bright. 
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The  long  term  performance  of  polymers  and  their  com- 
posites is  an  important  aspect  of  their  increasing  use 
in  engineering  applications.  Temporal,  thermal,  and 
mechanical  stresses  can  all  contribute  to  the  deteriora- 
tion of  performance.  Here  we  examine  the  concepts 
of  the  physics  of  glassy  polymers  and  how  they  are 
important  in  developing  constitutive  equations  that  de- 
scribe their  volume/temperature/stress  time  response. 
The  understanding  of  such  response  forms  the  basis 
of  the  prediction  of  long  term  performance. 
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The  set  of  five  video  tapes  covers  the  Polymer  Com- 
posites Workshop  held  in  Winona,  Minnesota  on  April 
29-30,  1992.  Presentations  include:  Minnesota  Tech- 
nology, Inc.;  The  NIST  Perspective;  The  Regional  Per- 
spective; Filament  Winding;  Regional  and  National 
Funding  Sources  for  Small  Businesses;  Contact  Mold- 
ing; Opportunities  for  Interaction  Between  Primary 
Manufacturing  Companies  and  Small  Business;  Com- 
posite Repair;  Compression  Molding/Class  A  Resin 
Transfer;  Injection  Molding;  Reaction  Injection  Mold- 
ing; Structural  Resin  Transfer  Molding;  Pultrusion. 
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In  certain  marine  applications,  thick  polymer-compos- 
ite materials  may  have  to  endure  different  operating 
environments  than  those  experienced  in  traditional 
aerospace  applications.  In  particular,  structures  made 
of  such  materials  may  experience  very  large  compres- 
sive and  bending  forces.  To  prevent  in-service  failure, 
appropriate  NDE  methods  and  instrumentation  are 
needed  to  characterize  the  state  of  the  material.  Spe- 
cifically, in  addition  to  detecting  high-contrast  anoma- 
lies (cracks  and  delamination),  it  may  be  of  interest  to 
determine  the  pore  content,  measure  the  fiber  volume, 
assess  the  severity  of  fiber  waviness,  and  the  like.  In 
this  paper  we  describe  specific  approaches  that  over- 
come the  limitations  of  conventional  ultrasonic  instru- 
mentation. Specifically,  we  describe  a  particularly  ef- 


fective transmit/receive  circuit  configuration  that  offers 
large  dynamic  range  (greater  than  60  dB),  wide  band- 
width (100  kHz  -  60  MHz),  and  fast  recovery.  We  also 
describe  the  design  of  a  very-low-noise,  high  imped- 
ance input  preamplifier.  We  found  that  this  preamplifier 
is  particularly  useful  for  conditioning  signals  generated 
by  very  small  ('phase  insensitive')  receiver  trans- 
ducers. 
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The  fiber-matrix  interface  is  investigated  for  its  role  dur- 
ing fiber  debonding  and  pull-out  and  its  effect  on  the 
toughening  of  ceramic  composites.  Possible  interface 
debonding  criteria  (critical  interface  shear  strength; 
interface  toughness,  or  critical  energy-release  rate, 
and  asperity  interlock)  are  considered.  The  interfacial 
and  mechanical  properties  of  a  model  SiC-fiber, 
borosilicate-glass-matrix  composite  system  are  meas- 
ured by  a  single  fiber  pull-out  test.  Initial  stresses  are 
determined  by  photoelastic  methods. 
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A  study  has  been  made  of  the  morphology  of  direc- 
tionally  solidified  Cu-AI-Pb  monotectic  alloys.  The 
structure  consisted  of  a  hexagonal  array  of  Pb  rods  in 
a  Cu-based  matrix.  In  addition,  highly-curved  grain 
boundaries  in  the  Cu-based  matrix  with  lens-shaped 
Pb  fibers  on  the  boundary  and  a  'denuded  zone',  de- 
pleted of  Pb  rods,  were  observed.  Existence  of  these 
boundaries  is  shown  to  reduce  the  overall  surface  en- 
ergy of  the  system  leading  to  the  formation  of  the  high- 
ly-curved grain  boundaries. 
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The  rate  of  heat  release  from  a  thermally  thin  material 
burning  on  both  sides  will  be  more  than  twice  the  value 
seen  when  only  one  side  is  burning.  Two  simplified 
models  demonstrate  that  this  is  a  consequence  of  the 
Arrhenius  temperature  dependence  of  the  gasification 
rate  of  the  solid.  Experiments  carried  out  on  three  com- 
posite materials  over  a  range  of  incident  heat  fluxes 
confirm  this  effect.  It  is  inferred  that  a  further  con- 
sequence of  this  heat  release  enhancement  is  an  in- 
creased tendency  for  concurrent  flame  spread  in  the 
two-sided  burning  case.  Materials  whose  application 
could  lead  to  two-sided  burning  should  thus  be  as- 
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sessed  in  this  mode  to  obtain  a  true  picture  of  their 
flammability  potential. 
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The  study,  which  is  the  subject  of  this  report,  was  car- 
ried out  in  two  stages.  The  objective  of  the  first  phase 
was  to  investigate  the  effect  of  electron  beam  irradia- 
tion and  grafting  on  polymer  flammability.  The  time  to 
ignition  and  the  rate-of-heat-release  were  measured 
for  the  combustion  of  a  series  of  samples  in  which  a 
fire  resistant  polymer  was  used  to  protect  the  surface 
of  a  more  flammable  polymer.  The  flammability  prop- 
erties of  honeycomb  composite  materials,  which  are 
currently  used  in  the  interior  cabin  compartments  of 
commercial  aircraft,  were  examined  in  the  second 
phase  of  this  project.  Analyses  of  the  gases  evolved 
during  the  thermal  degradation  of  the  components  indi- 
cated that  the  phenol-formaldehyde  resin  makes  a  sig- 
nificant contribution  to  the  flammability  of  these  com- 
posites. The  possibility  that  a  more  fire  resistant  formu- 
lation could  be  developed  was  examined  by  testing  a 
series  of  resins  which  differed  in  the  relative  amounts 
of  phenol  and  formaldehyde  used  in  the  reaction  mix- 
tures. The  flammabilities  of  resins  synthesized  in  ex- 
cess phenol  were  measurably  less  than  those  syn- 
thesized in  excess  formaldehyde. 
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Four-ball  and  ball-on-three-flat  wear  tests  are  often 
performed  to  assess  the  tribological  performance  of  lu- 
bricants and  materials.  Test  results  are  described  by 
the  worn  volume  and  or  topography  parameters  of  the 
balls  or  flats.  As  a  general  rule,  relatively  little  effort 
goes  into  quantifying  the  wear  scar  of  the  top  ball  even 
though  there  is  often  useful  information  there.  A  com- 
puter-controlled profiling  machine  is  described  to 
measure  the  topography  of  the  top  ball  and  the  bottom 
balls  or  flats.  Several  techniques  are  examined  to  turn 
this  topographic  information  into  useful  parameters 
and  aids  for  assessing  the  interaction  between  the 
balls  or  flats. 
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We  studied  the  creep  rupture  of  a  series  of  MoSi2  ma- 
terials reinforced  with  SiC  particles.  Particulate  con- 
tents were  in  the  range  of  O  to  40  volume  percent. 
Temperature  and  stress  ranges  were  1050  C  to  1200 
C  and  10  MPa  to  50  MPa,  which  gave  failures  ranging 
from  1  hour  to  1500  hours.  The  creep  curves  show  an 
extensive  tertiary  regime,  accounting  for  25-95%  of  the 
total  lifetime.  Tertiary  creep  increases  with  increasing 


stress  and  temperature.  Cavitation  occurs  throughout 
the  creep  life,  and  tertiary  creep  is  associated  with  the 
linkage  of  cavities  into  large  cracks.  The  creep  life  im- 
proves with  increasing  SiC  particle  content,  with  a  con- 
current loss  of  creep  ductility.  Significant  improvement 
occurs  only  when  the  particle  content  is  greater  than 
30  volume  percent.  Our  studies  suggest  that  the  creep 
and  creep  rupture  behavior  of  MOSi2  can  be  further 
improved  by  increasing  the  content  of  SiC  particles. 
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We  studied  particle-reinforced  6061 -aluminum-alloy 
composites  with  particle  volume  fractions  ranging  from 
0  to  0.25.  The  mullite  particles  are  approximately 
sphericai  and  contain  embedded  alpha-alumina  phase. 
We  obtained  lattice  parameters  of  all  three  phases  in 
the  composites  and  starting  materials  by  using 
Rietveld  refinement  of  x-ray  diffraction  patterns.  In  all 
three  phases  stresses  are  tensile  and  approximately 
of  the  same  magnitude,  contradicting  a  requirement  for 
mechanical  equilibrium.  Stresses  increase  with  both  in- 
creasing particle  size  and  volume  fraction.  Measure- 
ments of  extracted-from-composites  particles  showed 
no  evidence  of  a  possible  chemical  reaction  at  the  ma- 
trix-particle interface.  The  matrix  is  (1 1 1 )  and  (1 00)  tex- 
tured, but  measurements  of  elastic  constants  reveal 
only  small  anisotropy.  Thus,  explanation  of  the  me- 
chanical-equilibrium violation  remains  uncertain. 
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Flat  and  rising  R-curves,  fracture  resistance  versus 
crack  extension,  were  determined  for  a  sintered  99% 
alpha-silicon  carbide  and  for  a  hot-pressed  composite 
of  25  wt%  silicon  carbide  whiskers  and  alumina,  re- 
spectively. The  R-curves  were  evaluated  from  a  com- 
bination of  measured  crack  lengths,  which  were  pro- 
duced over  a  range  of  Vickers  indentation  loading,  and 
of  measured  strengths,  which  were  correlated  either 
with  the  indentation  flaws  or  with  the  most  severe  natu- 
ral flaws  or  flexure  specimens.  A  published  analysis  of 
the  stress-intensity  factor  for  a  surface  crack  in  flexure 
was  interpreted  to  show  that  the  crack  front  takes  the 
form  of  a  semiellipse  where  both  the  ratio  of  the  minor 
to  major  radii  and  the  configuration  coefficient  itself  de- 
crease with  increasing  crack  extension.  A  power-law 
function  of  the  indentation  load  was  fitted  to  the  product 
of  an  effective  configuration  coefficient  and  the  flexural 
strength  to  evaluate  the  R-curves.  When  the  configura- 
tion coefficient  is  assumed  constant,  a  customary  prac- 
tice, the  R-curves  appear  to  have  steeper  rises.  The 
assumed  constancy  of  the  coefficient  of  the  indentation 
driving  force  may  also  have  an  effect  on  R-curves,  but 
the  effect  would  be  much  less. 
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We  considered  seven  AI203-particle-reinforced  Al-ma- 
trix  composites  with  particle  volume  fractions  ranging 
from  0  to  0.24.  At  ambient  temperature,  we  measured 
the  elastic  constants  by  two  dynamic  methods:  kHz 
resonance  and  MHz  pulse-echo-superposition.  We  re- 
port the  usual  elastic-constant  set:  bulk,  shear,  Young 
moduli,  and  Poisson  ratio.  The  microstructures  show 
a  random  distribution  of  spherical  particles,  from  speci- 
men to  specimen  ranging  from  30  to  100  micrometers. 
The  highest  observed  Young-modulus  anisotropy  was 
1.04.  To  model  this  system,  we  used  the  long-wave- 
length limit  of  a  plane-wave  ensemble-average  meth- 
od. Measurements  and  modeling  agree  well:  the  aver- 
age disagreement  in  the  Young  modulus  is  about  one 
percent.  As  expected,  except  for  the  Poisson  ratio,  all 
measurements  fall  below  a  linear  rule-of-mixture. 


03,158 

PB95-161824       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Polymers  Div. 

Thermoacoustic  Technique  for  Determining  the 

Interface  and/or  Interply  Strength  in  Polymeric 

Composites. 

Final  rept. 

W.  L.  Wu.  1990,  5p. 

Pub.  in  Society  for  the  Advancement  of  Material  and 
Process  Engineers  Jnl.  26,  n2  p1 1  -1 5  1 990. 

Keywords:  "Polymer  matrix  composites,  "Graphite 
composites,  'Thermal  analysis,  "Acoustic  emission, 
Fiber  composites,  Laser  heating,  Interfacial  energy, 
Debonding(Materials),  Mechanical  properties,  Re- 
prints. 

Local  heating  was  applied  on  polymeric  composites  re- 
inforced with  graphite  fibers  to  induce  interfacial 
debonding  events  and  the  acoustic  emissions  associ- 
ated with  the  debonding  events  were  monitored.  Cor- 
relations among  some  of  the  acoustic  parameters  and 
the  interfacial  strength  were  observed.  The  possibility 
of  adopting  this  scheme  to  determine  interfacial 
strength  in  composites  is  delineated. 
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Both  experimental  and  modeling  results  are  presented 
to  convey  the  wide  span  of  length  scales  over  which 
flow  in  porous  media  can  occur  in  a  single  material. 
Flow  in  such  heterogeneous  porous  media  are  shown 
to  be  important  in  composites  processing  because  the 
structure  of  fibrous  reinforcements  contains  multiple 
length  scales.  Flow  phenomena  that  arise  due  to  mate- 
rial heterogeneity  have  been  shown  to  include  void  for- 
mation and  to  explain  the  differences  observed  be- 
tween measurements  of  the  'wet'  permeability  and  the 
'dry'  permeability.  The  work  presented  indicates  that 
the  heterogeneous  reinforcement  structure  may  also 
contribute  to  the  differences  observed  in  permeability 
measurements  carried  out  by  the  radial  flow  and  the 
one-dimensional  flow  methods.  The  concept  of  hetero- 
geneous porous  media  is  also  extended  to  the  molecu- 
lar level  by  considering  the  flow  problem  in  a  reinforce- 
ment sized  with  grafted  macromolecules. 
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The  VAMAS  project  is  an  international  collaboration  for 
prestandardization  research.  The  participating  coun- 
tries are  Canada,  France,  Germany,  Italy,  Japan,  the 
United  Kingdom,  the  United  States,  and  the  Commis- 
sion of  European  Communities.  Technical  Working 
Area  No.  3,  Ceramics,  has  the  objective  of  undertaking 
research  on  the  reliability  and  reproducibility  of  test 
procedures  for  advanced  technical  ceramics.  The 
Japan  Fine  Ceramics  Center  (JFCC)  in  1988  orga- 
nized a  VAMAS  round-robin  to  evaluate  fracture  tough- 
ness by  three  methods  on  two  advanced  ceramics. 
The  three  methods  are  schematically  illustrated.  Pre- 
liminary results  from  thirteen  of  the  participating  twen- 
ty-two laboratories  have  been  previously  reported.  A 
comprehensive,  more  recent  report  with  the  results  of 
the  five  United  States  laboratories  has  been  prepared. 
The  five  USA  laboratories  were:  NIST,  NASA-Lewis, 
Worcester  Polytechnic  Institute,  Allied-Signal,  Norton- 
St.  Gobain.  The  present  paper  highlights  the  principal 
results  of  the  project. 
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Fabrication  and  flaw  tolerance  properties  of  particulate 
aluminum-titanate-reinforced  alumina  composites 
have  been  studied.  High-density  (-99%  theoretical) 
composites  with  controlled  microstructures  are  readily 
produced  via  a  conventional  ceramics  processing 
scheme  utilizing  starting  powders  of  alpha-alumina  and 
beta-aluminum  titanate.  Indentation-strength  measure- 
ments demonstrate  certain  composites  exhibit  unusu- 
ally pronounced  flaw  tolerance  behavior.  Direct  obser- 
vations of  crack  evolution  from  Vickers  indentations 
during  loading  reveal  strong  stabilization  of  cracks  with 
sizes  in  the  millimeter  range.  It  is  concluded  that  this 
stabilization  gives  rise  to  the  flaw  tolerance  properties 
and  results  from  pronounced  crack-resistance  (R- 
curve)  behavior.  Grain-localized  crack  bridging  is 
strongly  active  in  this  system  and  is  believed  to  be  a 
major  contributor  to  the  R-curve  properties. 
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Elastic  plane  strain  Green's  function  is  calculated  for 
an  anisotropic  bimaterial  composite  solid  containing  a 
free  surface  normal  to  the  interface.  An  exact  integral 
representation  is  obtained  for  the  Green's  function 
which  is  evaluated  numerically.  The  integral  is  also 
evaluated  analytically  which  gives  a  series  representa- 
tion for  the  Green's  function.  The  singularities  in  the 
stress  field  associated  with  the  presence  of  the  free 
surface  are  identified  and  discussed.  For  the  purpose 
of  illustration,  the  formalism  is  applied  to  a  cubic  solid 
containing  a  Sigma-5  grain  boundary. 
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Green's  function  for  a  generalized  vector  Hilbert  prob- 
lem is  calculated  which  can  be  used  to  solve  the  Hilbert 
problem  with  any  integrable  inhomogeneity.  The 
Green's  function  is  obtained  by  using  a  complex  trans- 
form defined  by  eigenfunctions  of  the  homogeneous 
Hilbert  problem.  This  method  should  be  particularly 
convenient  for  the  stress  analysis  of  anisotropic  com- 
posite materials  containing  cracks  and  free  surfaces. 
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The  elastic  plane  strain  Green's  function  calculated  in 
earlier  papers  is  modified  to  account  for  the  general- 
ized plane  strain  and  applied  to  calculate  the  stress 
and  the  displacement  field  in  a  bimaterial  composite 
containing  a  free  surface  normal  to  the  interface  which 
is  subjected  to  an  out  of  plane  load.  The  result  is  ob- 
tained in  terms  of  a  closed  integral  representation 
which  is  evaluated  numerically  as  well  as  analytically. 
The  method  is  applied  to  a  cubic  solid  containing  a 
Sigma-5  grain  boundary  and  to  fiber  reinforced  lami- 
nated composites.  The  singularities  in  the  stress  are 
identified  and  discussed. 
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Ceramic  matrix  composites  are  being  developed  to  im- 
prove the  toughness  of  ceramics  in  structural  applica- 
tions. As  many  of  these  new  materials  are  expected 
to  be  used  at  high  temperatures,  their  mechanical  be- 
havior at  both  high  and  low  temperature  must  be  char- 
acterized. In  this  paper,  creep  and  creep  rupture  of 
both  particulate  and  whisker  reinforced  ceramic  matrix 
composites  are  discussed.  Creep  in  these  materials 
tends  to  be  asymmetric,  creep  occurring  faster  in  ten- 
sion than  in  compression.  Also,  extended  transient 
creep  occurs  for  those  materials  that  react  with  the  air 
or  undergo  phase  transformations.  The  creep  rupture 
lifetime  of  ceramic  matrix  composites  may  be  ex- 
pressed as  a  power  function  of  the  creep  rate  regard- 
less of  load  or  test  temperature,  which  implies  that  im- 
provement in  lifetime  can  be  achieved  solely  by  reduc- 
ing the  rate  of  creep  in  these  materials.  Structural  use 
of  these  materials  seems  to  be  limited  to  about  1300 
C  at  the  present  time. 

03, 166 

PB95-203220       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Polymers  Div. 


Environmental  Durability  of  Glass-Fiber  Compos- 
ites. 

Final  rept. 

C.  L.  Schutte.  1994,  59p. 

Pub.  in  Materials  Science  and  Engineering  R13,  n7 
p265-323,  15  Nov  94. 

Keywords:  "Environmental  effects,  "Fiber  composites, 
"Polymer  matrix  composites,  "Durability,  Degradation, 
Polymer  chemistry,  Stress  analysis,  Moisture,  Tem- 
perature, Reprints. 

Durability  of  glass-fiber/polymer  composites  is  dictated 
by  the  durability  of  the  components:  glass  fiber,  matrix, 
and  the  interface.  Environmental  attack  by  moisture, 
for  example,  can  degrade  the  strength  of  the  glass 
fiber;  plasticize,  swell,  or  microcrack  the  resin;  and  de- 
grade the  fiber/matrix  interface  by  either  chemical  or 
mechanical  attack.  The  relative  rates  of  these  degrada- 
tion processes  are  a  function  of  the  chemistry  of  the 
resin,  temperature,  length  of  time  of  exposure,  degree 
of  stress  (whether  cyclic  or  static),  chemistry  and  mor- 
phology of  coating  of  coupling  agent  on  the  glass  fiber, 
and  type  of  glass  fiber.  Several  examples  illustrate  how 
the  chemistry  and  morphology  of  the  coatings  of  cou- 
pling agents  that  are  on  the  glass  fiber  influence  the 
strength  and  durability  of  the  interfacial  region. 
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A  recurrent  problem  in  material  science  is  the  pre- 
diction of  the  percolation  threshold  of  suspensions  and 
composites  containing  complex-shaped  constituents. 
The  authors  consider  an  idealized  material  built  up 
from  freely  overlapping  objects  randomly  placed  in  a 
matrix,  and  numerically  compute  the  geometrical  per- 
colation threshold  p(sub  c)  where  the  objects  first  form 
a  continuous  phase.  Ellipsoids  of  revolution,  ranging 
from  the  extreme  oblate  limit  of  platelike  particles  to 
the  extreme  prolate  limit  of  needlelike  particles,  are 
used  to  study  the  influence  of  object  shape  on  the 
value  of  p(sub  c).  The  reciprocal  threshold  1/p(sub 
c)(p(sub  c)  equals  the  critical  volume  fraction  occupied 
by  the  overlapping  ellipsoids)  is  found  to  scale  linearly 
with  the  ratio  of  the  larger  ellipsoid  dimension  to  the 
smaller  dimension  in  both  the  needle  and  plate  limits. 
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The  tribological  properties  of  composite  materials  can 
be  improved  by  its  specially  designed  microstructure. 
Four  zirconia-alumina  composites  (Zr02-AI203)  and  a 
monolithic  alumina  were  compared  under  paraffin  oil 
lubricated  wear  test  to  investigate  the  effect  of  grain 
size,  the  residual  stress  and  the  phase  transformation 
on  the  wear  transitions.  The  tensile  stress  on  the  con- 
tact surface  has  been  identified  as  the  dominant  stress 
which  initiates  the  fracture  wear  of  brittle  materials. 
Wear  transition  occurs  in  the  brittle  materials  when  the 
tensile  stress  at  the  contact  exceeds  the  critical  value. 
The  effect  of  zirconia  content  on  the  mean  grain  size 
of  alumina  and  the  wear  transition  resistance  of  the 
materials  are  presented. 
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Composite  Materials  for  Offshore  Operations:  Pro- 
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The  eight  working  group  sessions  focused  on  topics 
selected  by  the  international  steering  committee  of  the 
workshop:  (1)  fabrication,  construction,  maintenance, 
and  repair;  (2)  material  performance,  damage  toler- 
ance, durability,  and  environmental  degradation;  (3) 
structural  design,  optimization,  testing,  and  reliability; 
(4)  nondestructive  evaluation;  condition  monitoring  and 
inspection;  (5)  flammability  and  fire  retardation;  (6)  fa- 
cilities and  secondary  structural  applications;  (7)  ad- 
vanced applications;  and  (8)  certification  issues  and 
policy  concerns.  In  each  group,  leading  experts,  invited 
by  the  steering  committee,  made  presentations  and 
guided  and  stimulated  the  discussions.  This  proceed- 
ings describes  the  scope,  the  organization,  and  the 
program  of  the  workshop.  It  contains  a  summary,  rec- 
ommendations reported  by  the  steering  committee  rep- 
resentatives, invited  lectures,  keynote  addresses,  and 
most  of  the  papers  presented  in  the  working-group 
sessions.  Also  included  are  a  list  of  working-group 
chairs  and  panelists  and  their  discussion  summaries. 
A  list  of  registered  workshop  participants  is  given  at 
the  end  of  this  volume. 
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The  intrinstic  viscosity  (Nu)  and  the  electric  alpha(sub 
e)  and  magnetic  alpha(sub  m)  polarizabilities  of  objects 
having  general  shape  are  required  in  the  calculation 
of  some  of  the  most  basic  properties  (viscosity, 
refracture  index,  dielectric  constant,  magnetic  per- 
meability, thermal  and  electrical  conductivity,  and  oth- 
ers) can  often  be  expressed  in  terms  of  these 
functionals  of  object  shape.  These  virial  coefficients 
also  provide  basic  input  into  effective  medium  theories 
describing  higher  concentration  mixtures.  We  present 
an  argument  that  the  ratio  of  (Nu)  and  alpha(sub  e) 
(the  average  electric  polarizability  tensor  trace)  is  an 
invariant  to  a  good  approximation. 
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During  tensile  creep  of  a  hot  isostatically  pressed 
(HIPed)  silicon  nitride,  the  volume  fraction  of  cavities 
increases  linearly  with  strain;  these  cavities  produce 
nearly  all  of  the  measured  strain.  In  contrast,  compres- 
sive creep  in  the  same  stress  and  temperature  range 
produces  very  little  cavitation.  A  stress  exponent  that 
increases  with  stress  characterizes  the  tensile  creep 
response,  while  the  compressive  creep  response  ex- 
hibits a  stress  dependence  of  unity.  Futhermore,  under 
the  same  stress  and  temperature,  the  material  creeps 
nearly  1 00  times  faster  in  tension  than  in  compression. 
Transmission  electron  microscopy  (TEM)  indicates 


that  the  cavities  formed  during  tensile  creep  occur  in 
pockets  of  residual  crystalline  silicate  phase  located  at 
silicon  nitride  multigrain  junctions.  Small-angle  X-ray 
scattering  (SAXS)  from  crept  material  quantifies  the 
size  distribution  of  cavities  observed  in  TEM  and  dem- 
onstrates that  cavity  addition,  rather  than  cavity 
growth,  dominates  the  cavitation  process.  These  ob- 
servations are  in  accord  with  a  model  for  creep  based 
on  the  deformation  of  granular  materials  in  which  the 
microstructure  must  dilate  for  individual  grains  to  slide 
past  one  another.  During  tensile  creep  the  silicon 
nitride  grains  remain  rigid;  cavitation  in  the  multigrain 
junctions  allows  nitride  grain  boundary  sliding  accom- 
modates this  expansion  and  leads  to  extension  of  the 
specimen.  In  compression,  where  cavitation  is  sup- 
pressed, deformation  occurs  by  solution- 
reprecipitation  of  silicon  nitride. 
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The  addition  of  a  third  component  to  a  binary  mixture 
usually  alters  the  critical  temperature  and  critical  com- 
position for  phase  seperation.  In  practice,  these  shifts 
can  be  large,  leading  to  both  increasing  and  decreas- 
ing of  the  phase  stability  of  the  mixture.  Lattice  cluster 
theory  calculations  show  that  the  addition  of  a  small 
amount  of  A-b-B  dibock  copolymer  to  an  A/B  polymer 
blend  shifts  the  phase  boundary  as  'impurities'  do  in 
other  fluid  mixtures.  The  novel  feature  associated  with 
the  dilution  of  the  blend  by  a  diblock  copolymer  additive 
is  that  both  stabilization  and  destabilization  can  be 
achieved  for  certain  conditions  merely  by  'tuning'  the 
asymmetry  of  the  block  lengths  in  the  diblock  copoly- 
mer. More  substantial  shifts  are  found  in  the  phase  dia- 
gram of  a  blend  (polystyrene/poly(vinyl  menthyl  ether)) 
exhibiting  a  lower  critical  solution  temperature.  We  also 
examine  the  relation  between  the  shifts  in  the  critical 
temperature  and  in  the  critical  composition  shift  when 
the  block  copolymer  is  nearly  symmetric,  but  no  simple 
relation  seems  to  exist  for  asymmetric  diblock  copoly- 
mers. 
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Boehm  and  Martire  have  shown  that  the  Flory-Huggins 
(FH)  lattice  model  applied  to  mixtures  of  squares  and 
rigid  rods  in  solvent  on  a  two  dimensional  lattice  gives 
different  results  depending  on  whether  rods  or  squares 
are  placed  first  onto  the  lattice.  This  correct  derivation 
places  the  validity  of  the  FH  model  itself  into  question 
since  the  final  result  should  be  independent  of  the 
order  of  placement.  An  analysis  of  the  FH  model  in 
terms  of  Poisson  statistics  suggests  an  alternative  for- 
mula for  the  probability  of  successfully  placing  a  rec- 
tangle into  an  area  partially  filled  with  other  rectangles, 
which  when  incorporated  into  the  FH  counting  proce- 
dure gives  the  exact  thermodynamic  result  for  the  tiling 
of  squares  (i.e.,  no  solvent  and  no  rods). 
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The  effect  of  unreacted  cement  content  on  the  proc- 
essing, structure,  and  properties  of  macro-defect-free 
(MDF)  composites  fabricated  from  calcium  aluminate 
cement  (CAC),  alpha-alumina  (AI203),  and  polyvinyl 
alcohol-acetate  (PVAA)  has  been  investigated.  Three 
systems  were  formed  with  inital  CAOAI203  ratios  of 
50:50,  35:65,  and  25:75  by  volume  in  their  respective 
formulations.  The  amount  of  unreacted  cement  was  re- 
duced from  68.1  vol%  which  is  present  in  standard 
(100%  CAC)  MDF  cement,  to  14.9  vol%  for  composites 
with  an  initial  CAC:  AI203  ratio  of  25:75,  while  the  hy- 
dration product  content  was  reduced  from  18.1  vol% 
to  1 1 .4  vol%  for  these  respective  systems.  A  hard  core/ 
soft  shell  continuum  percolation  model  was  used  to  de- 
termine that  alumina  substitution  did  not  significantly 
affect  the  percolative  nature  of  the  interphase  and  bulk 
polymer  regions.  However,  experiments  showed  that 
the  reduction  in  unreacted  cement  content  through 
AI203  substitution  affected  both  the  processing  and 
microstructural  features  of  these  composites. 
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The  thermal  expansion  of  polystyrene  thin  films,  sup- 
ported on  hydrogen-terminated  silicon  substrates,  is 
measured  by  x-ray  reflectivity.  Films  on  the  order  of 
400  Angstroms  and  thinner  show  no  glass  transition 
up  to  at  least  60  degrees  C  above  the  bulk  glass-transi- 
tion temperature,  while  a  break  in  the  thickness  versus 
temperature  curve,  signaling  the  glass  transition  and 
the  onset  of  bulk  behavior,  is  observed  for  thicker  films. 
This  increase  in  the  glass-transition  temperature  is  in 
contrast  to  similar  studies  on  the  silicon  native-oxide 
surface  where  a  decrease  in  the  glass-transition  tem- 
perature is  observed.  This  illustrates  the  importance  of 
the  character  of  the  substrate  surface  in  determining 
thin  film  behavior. 
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An  electrodeposited  cobalt  alloy  coating  have  a  com- 
position of  7.1  plus  or  minus  0.8  at  %  tungsten  was 
developed  to  serve  as  a  diffusion  barrier  between 
graphite  fibers  and  nickel.  A  nickel  matrix  was 
electrodeposited  around  the  fibers,  and  the  results 
composite  was  annealed  in  vacuum  under  various 
time/temperature  conditions.  The  coating  was  shown 
to  inhibit  interdiffusion  for  up  to  24  h  at  800  degrees 
C.  This  represents  an  improvement  of  200  degrees 
over  the  uncoated  fibers. 
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The  permeability  of  preform  materials  used  in  liquid 
moulding  proceses  such  as  resin  transfer  moulding 
and  structural  reaction  injection  moulding  is  a  complex 
function  of  weave  pattern,  packing  characteristics,  tow 
structure  and  intra-tow  properties.  The  development  of 
tools  for  predicting  permeability  as  a  function  of  these 
parameters  is  of  great  practical  importance  because 
such  capability  would  speed  process  design  and  opti- 
mization, and  provide  a  step  towards  establishing  proc- 
essing-performance relations.  In  this  study,  transverse 
flow  in  aligned  fibrous  porous  media  has  been  inves- 
tigated. A  semi-analytical  model  based  on  lubrication 
analysis  is  derived  to  predict  the  effect  of  tow  shape 
and  intra-tow  permeability  on  the  overall  bed  per- 
meability for  flow  through  rectangular  arrays  of  porous 
elliptical  cylinders.  The  Brinkman  equation  is  used  to 
model  flow  inside  the  porous  structures,  and  the 
Stokes  equation  to  model  flow  in  the  open  media  be- 
tween the  structures.  The  model  predictions  are  veri- 
fied by  comparing  with  rigorous  finite  element  calcula- 
tions. The  model  shows  that  the  influence  of  the  intra- 
tow  permeability  on  the  overall  bed  permeability  in- 
creases with  inter-tow  packing,  and  increasing  degree 
of  tow  ellipticity.  The  influence  is  particularly  critical  for 
'stacked'  geometers  for  which  previous  models  predict 
a  zero  permeability.  A  method  for  predicting  intra-tow 
permeability  is  also  proposed  and  investigated  by  com- 
paring the  model  predications  for  overall  bed  per- 
meability with  some  experimental  data  for  flow  in  a 
model  porous  medium.  The  comparison  shows  that 
use  of  the  method  enables  the  experimentally  meas- 
ured permeability  value  to  be  properly  bounded. 
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A  method  for  estimating  the  orientation  distribution 
function  (ODF)  of  short-fiber  composites  using  meas- 
ured ultrasonic  velocities  is  presented.  The  method  is 
based  on  the  coupling  of  (1 )  a  forward  micromechanics 
model  of  the  effective  ultrasonic  velocities  of  the  tex- 
tured composite  in  terms  of  the  coefficients  in  an  ex- 
pansion of  the  ODF  in  generalized  spherical 
harmonics,  (2)  an  inversion  algorithm  to  obtain  the  co- 
efficients of  the  ODF  from  the  measured  velocities  and 
the  forward  model.  The  approach  is  used  to  determine 
the  ODF  coefficients  for  a  transversely  isotropic  short- 
fiber  SiC/AI  metal-matrix  composite.  The  ODF  coeffi- 
cients obtained  by  inversion  of  ultrasonic  velocities 
agree  reasonably  with  those  obtained  from  neutron-dif- 
fraction pole  figures.  Corresponding  elastic  constants 
predicted  with  these  coefficients  also  agree  well  with 
independently  measured  elastic  constants. 
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High  temperature  fracture  of  structural  ceramics  often 
results  from  creep  and  creep-related  processes.  Creep 


cavitation  in  particular  plays  an  important  role  in  the 
failure  process,  resulting  in  crack  nucleation  and  crack 
growth  prior  to  failure.  Equations  modeling  cavitation 
and  crack  growth  mechanisms  are  consistent  with  the 
Monkman-Grant  behavior  observed  for  structural  ce- 
ramics. Both  the  mechanism  of  fracture  and  the  mode 
of  crack  growth  are  affected  by  the  test  geometry.  In 
flexure,  cracks  tend  to  remain  stable  because  of  stress 
relaxation  near  the  tensile  surface  of  test  specimens. 
In  tensile  specimens,  stress  relaxation  due  to  cavity 
formation  occurs  in  the  vicinity  of  crack  tips.  Intermit- 
tent crack  growth  results,  in  which  the  density  of  cav- 
ities at  the  crack  tip  has  to  reach  a  critical  level  for  the 
occurrence  of  crack  motion.  Crack  growth  occurrs  by 
microcrack  nucleation  and  linkage  with  the  dominant 
crack. 
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This  report  contains  the  highlights  of  the  presentations 
and  discussions  at  the  NIST/lndustry/Academe  Work- 
shop: Hygrothermal  Effects  on  the  Performance  of 
Polymers  and  Polymeric  Composites  that  took  place 
on  21  and  22  September  1995  at  the  Hilton  Hotel, 
Gaithersburg,  Maryland.  The  workshop  was  organized 
by  the  Polymers  Division  of  the  Materials  Science  and 
Engineering  Laboratory  (MSEL)  at  the  National  Insti- 
tute of  Standards  and  Technology  (NIST). 
Sponsorshop  was  provided  by  the  Center  for  Theoreti- 
cal and  Computational  Materials  Science  in  MSEL. 
This  workshop  brought  together  46  attendees;  includ- 
ing (10)  invited  speakers,  fifteen  (15)  representatives 
from  the  academic  community,  eighteen  (18)  compa- 
nies and  several  Divisions  within  NIST,  to  define  the 
state-of-the  art  in  hygrothermal  issues  in  polymers  and 
polymeric  composites. 
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Recently,  a  closed-form  representation  for  the  exact 
solution  of  the  Chirstoffel  equation  for  wave  propaga- 
tion in  an  anisotropic  solid  has  been  derived.  This  de- 
velopment and  the  need  to  know  the  wavefield  gen- 
erated during  ultrasonic  inspection  of  composites  has 
prompted  the  design  and  fabrication  of  an  experi- 
mental system  for  measurement  of  wavefields  in  such 
materials.  In  the  test  fixture,  a  source  transducer  is  af- 
fixed to  the  flat  portion  of  a  hemisphere  of  the  aniso- 
tropic solid.  A  receiving  transducer  having  a  large  field 
of  view  (FOV)  is  scanned  over  the  surface  of  the  hemi- 
sphere by  a  motorized  C-arm,  mapping  out  the 
wavefield  generated  in  the  specimen.  The  hemi- 
spherical shape  of  the  test  specimen  permits  scanning 
the  wavefield  over  nearly  a  full  2pi  solid  angle,  an  im- 
provement over  the  limited  angular  range  afforded  by 
a  flat  panel  of  the  anisotropic  solid.  In  this  paper,  the 
authors  report  the  result  of  preliminary  experiments  de- 
signed to  evaluate  the  fixture. 
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Acoustic-resonance  spectroscopy  was  used  to  deter- 
mine the  complete  elastic  constants  of  a  uniaxial-fiber- 
reinforced  metal-matrix  composite:  boron-aluminum. 
This  material  exhibits  orthotropic  macroscopic  symme- 
try and,  therefore,  nine  indepedent  elastic  stiffnesses 
Cij.  The  off-diagonal  elastic  constants  (C12,  C13, 
C23),  which  contain  large  errors  when  measured  by 
conventional  methods,  were  especially  focused  on. 
Good  agreement  emerged  among  present  results,  a 
previous  pulse-echo  study,  and  theoretical  predictions 
using  a  plane-scattered-wave  ensemble-average 
model.  Attempts  to  measure  the  internal-friction 
'tensor"  failed. 
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A  study  has  been  conducted  on  the  creep  behavior  of 
a  silicide  composite  consisting  of  50  mol.%  MoSi2  and 
WSi2  reinforced  with  SiC  whiskers.  Activation  energies 
for  creep  in  compression  and  tension  were  312  kJ  mol 
to  the  minus  1  power  and  557  kJ  mol  to  the  minus  1 
power  respectively.  Stress  exponents  for  creep  were 
3.2  in  tension  and  2.3  in  compression.  These  values 
lie  within  the  range  of  values  obtained  by  other  inves- 
tigators. The  creep  resistance  of  the  composite  is  con- 
siderably better  than  that  of  current  alloys  used  in  heat 
engines.  Most  of  this  improvement  comes  from  the  ad- 
dition of  SiC  whiskers  to  the  base  alloy.  It  is  suggested 
that  the  addition  of  higher  concentrations  of  whiskers 
or  particles  would  result  in  additional  improvement  of 
the  creep  behavior  of  silicide  composites. 


03, 184 

PB96-210695       PC  A04/MF  A01 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD.  Building  Materials  Div. 

Materials  Aspects  of  Fiber-Reinforced  Polymer 

Composites  in  Infrastructure. 

J.  W.  Chin.  Aug  96,  47p,  NISTIR-5888. 

Keywords:  "Polymer  composites.  "Civil  engineering, 
Retrofitting,  Composite  materials,  Highway  bridges, 
Corrosion,  Beams(Supports),  Maintenance,  Reviews. 

This  paper  provides  a  review  of  the  technical  literature 
pertaining  to  materials  aspects  of  fiber-reinforced  poly- 
mer (FRP)  composites  in  infrastructural  and  other  civil 
engineering  applications.  The  main  focus  is  placed 
upon  the  durability,  chemical  and  mechanical  aspects 
of  structures  reinforced  with  or  constructed  from  FRP 
materials.  Categories  which  are  addressed  include 
marine  applications,  structural  shapes,  joining/fasten- 
ing, reinforced  concrete  and  rehabilitation/retrofitting  of 
structures.  Effects  of  moisture,  salt  water,  alkalinity  and 
mechanical  loading  on  the  performance  of  FRP  com- 
ponents are  emphasized. 
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Planar  laser-based  imaging  measurements  of  fluores- 
cence and  particle  scattering  have  been  obtained  dur- 
ing flame  synthesis  of  iron-oxide/silica 
superparamagnetic  nanocomposites.  The  theory  and 
application  of  laser-induced  fluorescence,  the  spec- 
troscopy of  FeO(g),  and  the  experimental  approach  for 
measurement  of  gas  phase  precursors  to  particle  for- 
mation are  discussed.  The  results  show  that  the  vapor 
phase  FeO  concentration  rapidly  rises  at  the  primary 
reaction  front  of  the  flame  and  is  very  sensitive  to  the 
amount  of  precursor  added,  suggesting  nucleation- 
controlled  particle  growth.  The  FeO  vapor  concentra- 
tion in  the  main  nucleation  zone  was  found  to  be  insen- 
sitive to  the  amount  of  silicon  precursor  injected,  indi- 
cating that  nucleation  occurred  independently  for  the 
iron  and  silicon  components.  Light  scattering  measure- 
ments indicate  that  nanocomposite  particles  sinter 
faster  than  single  component  silica,  in  agreement  with 
TEM  measurements. 
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The  corrosion  rate  of  an  Fe(sub  3)AI  alloy  (FA1 17)  and 
an  FeAl  (FA362)  alloy  in  distilled  water  and  0.5  M  NaCI 
was  determined  and  compared  to  two  low  carbon 
steels.  The  results  demonstrate  that  the  corrosion  rate 
of  these  two  intermetallic  compounds  were  more  than 
an  order  of  magnitude  less  than  that  of  the  two  steels 
in  both  of  the  environments.  The  corrosion  rates  of  the 
two  iron  aluminides  were  not  significantly  different. 
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The  needs,  objectives,  and  techniques  for  evaluation 
of  material  property  data  are  reviewed  with  respect  to 
their  applicability  to  certain  types  of  corrosion  data.  Ex- 
amples of  approaches  that  have  been  taken  for  data 
generated  from  exposures  in  natural  environments  and 
industrial  processes  are  described  to  illustrate  meth- 
ods used  for  characterizing  the  materials,  the  environ- 
ment and  exposure  conditions,  the  measurement  tech- 
niques used  to  describe  these  components,  and  the 
delineation  of  controlling  factors  with  respect  to  specific 
forms  of  corrosion. 
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A  method  for  modeling  the  behavior  of  electrochemical 
systems  based  on  electrode  kinetics  instead  of  equiva- 
lent circuits  is  developed  and  examples  of  the  applica- 
tion of  this  modeling  method  to  three  electrochemical 
systems  are  presented.  It  is  shown  that  the  behavior 
of  simple,  as  well  as  relatively  complex,  electro- 
chemical systems  can  be  modeled  on  desktop  comput- 
ers yielding  impedance  spectra  as  a  function  of  input 
quantities  that  describe  steady  state  electrode  kinetics 
and  the  electrode  potential.  This  approach,  since  it  is 
based  on  quantities  that  describe  the  kinetics  of  the 
actual  processes  that  occur  at  the  electrode,  has  the 
advantage  over  other  approaches  of  having  a  built-in 
physical  interpretation.  The  impedance  plots  produced 
in  this  way  can  give  a  feeling  of  what  to  expect  experi- 
mentally, and  can  be  useful  in  testing  hypotheses,  in 
establishing  reasonable  ranges  for  quantities  not  easily 
accessible  to  measurement,  and  in  suggesting  experi- 
mental strategies. 
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The  effects  of  surface  roughness  and  contamination  on 
the  corrosion  behaviors  of  epoxy  coated  steel  sub- 
strate were  investigated  using  AC  impedance  spec- 
troscopy. The  results  of  the  AC  impedance  spectros- 
copy were  analyzed  using  equivalent  circuit  model  to 
discern  the  different  steps  of  the  corrosion  processes 
of  coated  steel.  Two  kinds  of  corrosion  of  coated  steel, 
which  can  be  discerned  by  AC  impedance  spectros- 
copy, were  observed  depending  on  surface  treatment. 
The  area  of  coating  deficiency  that  causes  rapid  corro- 
sion of  coated  metal  could  be  calculated  accurately 
from  the  AC  impedance  data  as  verified  by  scanning 
electron  microscopy  (SEM)  and  computer  image  anal- 
yses. Interpretations  for  the  experimental  results  were 
suggested  and  the  factors  dominating  the  protective 
properties  of  an  organic  coating  were  discussed. 
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The  elastic  interactions  of  dislocations  and 
intergranular  cracks  in  isotropic  materials  have  been 
studied.  In  the  first  part  of  the  paper,  a  model  based 
on  Rice-Thomson  theory  is  established  under  which 
the  conditions  for  dislocation  emission  and  crack  prop- 
agation can  be  described  in  terms  of  an  emission  sur- 
face, cleavage  surface  and  loading  line  in  the  local  k- 
space  associated  with  a  mixed  mode  intergranular 
crack.  For  a  given  crack,  the  local  k-field  changes  with 
the  emission  of  dislocations  from  the  crack  tip,  which 
alters  the  balance  of  cleavage  and  emission.  In  the 


second  part,  we  present  experimental  results  of  in  situ 
TEM  observation  of  intergranular  cracks  in  molyb- 
denum. Alternating  brittle  crack  propagation  and  dis- 
location emission  is  observed.  The  number  of  emitted 
dislocations  corresponding  to  each  crack  propagation 
is  in  good  agreement  with  the  calculated  values. 
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Transgranular  stress  corrosion  cracking  (T-SCC)  has 
been  the  subject  of  numerous  investigations,  but  there 
is  no  universally  accepted  mechanism  for  this  form  of 
crack  propagation.  One  of  the  mechanisms  that  has 
been  proposed  for  T-SCC  is  film  induced  cleavage.  Ac- 
cording to  this  mechanism,  T-SCC  cracks  propagate 
by  discontinuous  micro-cleavage  initiated  by  the  corro- 
sion films  that  form  at  the  crack  tip.  A  critical  hypothesis 
in  this  postulated  mechanism  is  that  when  the  crack 
in  the  surface  layer  reaches  the  matrix,  it  will  continue 
to  propagate  in  a  brittle  manner  in  the  normally  ductile 
matrix  for  some  distance  before  it  arrests.  The  objec- 
tive of  this  work  was  to  unambiguously  evaluate  this 
hypothesis  by  electrodepositing  Rh,  a  metal  which  nor- 
mally cleaves  at  room  temperature,  on  samples  of  pure 
Ni,  which  does  not  normally  cleave,  and  then  deform 
these  samples  and  examine  the  resulting  cracks  and 
the  morphology  of  the  cracks  at  the  Rh/Ni  interface. 
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Adsorption  isotherm  curves  at  23  C  were  determined 
for  alkyd  and  epoxy  free  films  and  coated  steel  panels 
as  well  as  for  alkyd  'pocket'  panels,  consisting  of  an 
unadhered  film  surrounding  steel  panels.  The 
isotherms  consisted  of  a  linear  portion  to  about  75% 
relative  humidity  (RH)  followed  by  a  rapidly  rising  por- 
tion to  100%  RH.  A  model  assuming  weak  bonding 
forces  between  paint  film  and  water  with  microvoid 
condensation  at  high  RH  gave  an  excellent  fit  to  the 
data.  Transient  adsorption  and  desorption  data  on  the 
approach  to  equilibrium  conditions  showed  differences 
between  alkyd  and  epoxy  coatings.  Surface  boundary 
layer  resistance  was  significant  for  alkyd  films  and 
sorption  followed  Fickian  models.  For  the  epoxy  coat- 
ing, surface  resistance  was  not  significant  and  mois- 
ture movement  was  non-Fickian. 
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The  pore  structure  of  hydrated  cement  in  mortar  and 
concrete  is  quite  different  from  that  of  neat  cement 
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paste.  The  porous  transition  zones  formed  at  the  ag- 
gregate-paste interfaces  affect  the  pore  size  distribu- 
tion. The  effect  of  the  sand  content  on  the  development 
of  pore  structure,  the  permeability  to  water,  and  the 
diffusivity  of  chloride  ions  was  studied  on  portland  ce- 
ment mortars.  Mortars  of  two  water-to-cement  ratios 
and  three  sand  volume  fractions  were  cast  together 
with  pastes  and  tested  at  degrees  of  hydration  ranging 
from  45  to  70%.  An  electrically-accelerated  concentra- 
tion cell  test  was  used  to  determine  the  coefficient  of 
chloride  ion  diffusion  while  a  high  pressure  permeabil- 
ity cell  was  employed  to  assess  liquid  permeability. 
The  data  set  provides  an  opportunity  to  directly  exam- 
ine the  application  of  the  Katz-Thompson  relationship 
to  cement-based  materials. 
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Significant  reports  covering  the  period  since  1960  were 
selected  for  this  study  with  reference  to  relevant  earlier 
works.  Recent  Government-sponsored  research  and 
development  (RD)  in  high  temperature  elastomers  has 
been  directed  along  two  lines:  (1)  new  polymer  syn- 
thesis and  (2)  evaluation  of  compounds  to  improve  the 
thermal  stability  of  current  elastomers.  Progress  has 
been  made  in  each  of  these  areas.  Large  groups  of 
inorganic  and  semi-inorganic  polymer  systems  were 
evaluated.  Systems  included  silazanes,  siloxanes,  and 
fluorocarbons. 
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Previously  reported  results  from  determinations  of  the 
first  derivative  of  the  elastic  contribution  to  the  free  en- 
ergy density  function  for  dicumyl  peroxide  crosslinked 
natural  rubber  were  analyzed  within  the  context  of  the 
Gaylord-Douglas  'localization  model'  of  rubber  elastic- 
ity. It  was  found  that  the  dry  state  properties  of  the  rub- 
bers are  well  described  by  the  localization  model  and 
that  the  non-classical  contribution  to  rubber  elasticity 
arising  from  the  confinement  of  network  chains  by  sur- 
rounding chains  varies  according  to  the  theory.  The 
only  other  parameter  in  the  model,  the  prefactor  to  a 
classical  term,  was  set  to  the  classical  phantom  value 
assuming  a  tetrafunctional  network  and  that  each 
dicumyl  peroxide  molecule  decomposed  to  form  one 
crosslink. 
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A  process  for  coating  silicon  carbide  fibers  with  alu- 
mina particulates  for  control  of  interface  characteristics 
in  the  sintering  of  fiber  reinforced  composites  is  de- 
scribed. The  process  is  based  on  colloidal  slurry  proc- 
essing techniques,  in  which  the  fibers  are  allowed  to 
take  up  a  positive  surface  charge,  while  the  alumina 
particles  are  imparted  a  negative  surface  charge. 
When  the  oppositely  charged  fibers  and  particles  are 
brought  together,  the  particles  deposit  on  the  surface 
of  fibers.  Some  unique  features  of  the  process,  as  well 
as  characteristics  of  the  resultant  coating  are  de- 
scribed. Process  variables  of  the  coating  technique 
that  control  the  coating  morphology,  thickness  and  ad- 
herence to  the  fiber  are  examined. 
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A  model  for  fluid  flow  in  the  resin  transfer  molding 
(RTM)  process  is  developed.  The  model  takes  into  ac- 
count two  competing  flow  processes  which  occur  si- 
multaneously: the  macroscopic  flow  of  the  resin 
through  the  preform  and  the  impregnation  of  the  indi- 
vidual fiber  bundles  which  make  up  the  preform.  The 
model  predicts  the  entrapment  of  air  in  the  fiber  bun- 
dles and  the  subsequent  formation  of  voids  in  the 
cured  part.  In  addition,  the  competition  between  the 
two  flow  processes  leads  to  transient  phenomena  in 
which  mold  inlet  pressure  continues  to  rise  even  after 
the  flow  front  has  reached  the  outlet  of  the  mold.  This 
result  agrees  qualitatively  with  experimental  data  and 
has  implications  regarding  the  use  of  D'Arcy's  law  to 
model  transient  mold  filling  processes  with  hetero- 
geneous preforms. 
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A  prototype  application  protocol  for  ready-to-wear  pat- 
tern making  was  developed  for  the  communication  of 
pattern  pieces  and  related  information  between  various 
computer  aided  design  (CAD)  systems.  The  basic 
methodology  for  the  application  protocol  is  the  Stand- 
ard for  the  Exchange  of  Product  Model  Data  (STEP). 
STEP  is  an  emerging  international  standard,  the  result 
of  an  effort  to  develop  a  mechanism  for  digitally  rep- 
resenting the  physical  and  functional  characteristics  of 
a  product  throughout  the  product's  life  cycle.  The 
STEP  application  protocol  addresses  a  specific  appli- 
cation area  and  contains  an  information  model  written 
in  the  conceptual  modeling  language  EXPRESS.  The 


experience  gained  through  the  implementation  of  the 
prototype  application  protocol  and  recommendations 
received  from  apparel  researchers  provided  us  useful 
input  to  improve  the  prototype  application  protocol.  The 
report  presents  a  revised  version  of  the  information 
model  using  both  the  EXPRESS  language  and  the  EX- 
PRESS-G graphical  notation.  An  application  activity 
model  that  defines  the  scope  and  information  require- 
ments of  the  prototype  application  protocol  is  also  pre- 
sented in  this  report.  Neither  the  EXPRESS-G  dia- 
grams nor  the  application  activity  model  was  shown  in 
the  original  prototype  application  protocol  report. 
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The  report  documents  a  survey  of  standards  relevant 
to  the  U.S.  Fiber/Textile/Apparel  (FTA)  industry.  The 
standards  are  discussed  in  four  main  groups-integra- 
tion standards,  test  methods,  quality  standards,  and 
standard  reference  data  and  materials.  The  Appendix 
of  the  report  lists  the  titles  of  all  standards  found, 
grouped  together  by  the  organization  responsible  for 
them.  Those  organizations  are  also  listed  along  with 
contact  information  for  them.  The  report  attempts  to 
bring  together  useful  information  concerning  FTA 
standards  as  a  starting  point  to  support  the  industry 
in  intelligently  planning  future  standards'  development 
efforts. 
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The  relative  susceptibilities  to  hydrogen  induced  cold 
cracking  were  evaluated  for  HY-100,  a  steel  presently 
in  service  in  naval  applications  and  for  HSLA-100.  The 
martensitic  microstructure  of  the  HY-100  undergoes 
wide  variations  in  the  heat  affected  zone  during  weld- 
ing which  strongly  influence  the  resistance  of  that  alloy 
to  cold  cracking.  The  HSLA-100,  a  low  carbon,  precipi- 
tation hardened  steel  with  similar  strength  and  tough- 
ness to  that  of  the  HY-100,  possesses  a  significantly 
lower  degree  of  hardenability  which  results  in  minimal 
microstructural  variations  in  the  heat  affected  zone 
under  the  same  simulated  welding  conditions.  The  me- 
chanical properties  of  the  base  metal  and  the  heat  af- 
fected zone  created  during  a  simulated,  single  welding 
pass  were  characterized  by  the  slow  strain  rate  tech- 
nique for  both  steels  in  an  inert  environment  and  in  arti- 
ficial seawater  under  free  corrosion  and  controlled  hy- 
drogen fugacities.  The  electrochemical  behaviors  of 
both  steels  were  also  evaluated  in  artificial  seawater. 
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The  magnetic  entropy  change  of  a  ferromagnet  in- 
duced by  an  application  of  a  magnetic  field  is  greatest 
in  the  temperature  region  near  the  Curie  point,  and  the 
magnitude  of  the  effect  is  expected  to  rise 
monotonically  with  the  size  of  the  individual  moments 
which  make  up  the  material.  The  authors  explore  the 
case  of  nanocomposite  materials  with 
ferromagnetically  interacting  clusters  having  large 
cluster  magnetic  moments  as  a  function  of  cluster  size. 
As  cluster  size  increases,  both  Monte  Carlo  and  mean- 
field  calculations  show  a  decrease  in  the  entropy 
change  at  T(c)  for  a  given  applied  field  and  constant 
total  magnetic  moment,  and  an  increase  in  the  entropy 
change  well  above  T(c).  In  addition,  for  the  first  time, 
the  authors  present  a  comparison  of  the  results  of 
mean-field  and  Monte  Carlo  calculations  of  the 
magnetocaloric  effect  in  classical  Heisenberg 
ferromagnets.  Previous  calculations  of  the 
magnetocaloric  effect  have  taken  the  mean-field  ap- 
proach, which  is  known  to  underestimate  the  sponta- 
neous magnetization  below  T(c).  These  issues  are  rel- 
evant to  devices  employing  magnetic  refrigeration. 
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An  engineering  expert  system  named  CFD  for  storing, 
analyzing,  and  assessing  experimental  data  of  the 
creep  and  fatigue  properties  of  a  class  of  structural  ma- 
terials at  elevated  temperatures  is  presented.  The  sys- 
tem is  coded  in  micro-PROLOG,  a  PC  version  (1.4)  of 
a  commercially-available  software  named  LAP  PRO- 
LOG Professional  and  is  implemented  on  an  IBM-PC- 
XT  or  compatible  with  DOS  2.11  or  up.  The  system 
is  menu-driven  and  is  designed  to  assist  a  computer- 
unsophisticated  user  in  managing  creep  and  fatigue 
data  for  a  variety  of  materials  at  various  temperature, 
stress  or  strain  levels.  To  illustrate  the  feasibility  of  this 
prototype  system,  selected  data  of  AISI  304  stainless 
steel  (fatigue  life  vs.  hold  time  at  593  C)  and  AISI  316 
stainless  steel  (stress  relaxation  test  at  700  C)  are  ex- 
amined and  plotted.  Based  on  the  linear  theory  of 
viscoelasticity,  the  stress  relaxation  data  are  used  to 
predict  creep  properties  using  a  numerical  algorithm 
due  to  Hopkins  and  Hamming  (1 957). 
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Previously,  the  authors  studied  the  effects  of  interstitial 
carbon-plus-nitrogen  (C  +  N)  on  the  elastic  constants 
of  f.c.c.  Fe-18Cr-10Ni-1  Mn  alloys.  Consistent  with  a 
volume  increase,  all  the  elastic  stiffnesses  decrease 
with  increasing  C  +  N.  The  present  alloys  show  dif- 
ferent behavior:  although  volume  increases,  interstitial 
nitrogen  atoms  increase  the  bulk  modulus.  The  pecu- 
liar bulk-modulus-electron-concentration  behavior  (B 
vs.  n(sub  e)  of  3d  electron  elements  is  described.  At 
first  B  increases  with  increasing  n(sub  e);  beyond  a 
critical  concentration,  B  decreases  rapidly.  Application 
of  Ducastelle's  model  (bandstructure  and  repulsion  en- 
ergies) shows  that  interstitial  nitrogen  increases  the 
bandstructure  contribution  to  the  bulk  modulus. 
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Forging  is  studied  by  thermomechanical  simulation  of 
the  process  variables  on  the  microstructure,  hardness, 
and  tensile  properties  of  medium-C,  ferrite  plus  pearlite 
steel  with  V  or  Nb  additions,  steels  used  for  forged 
automotive  components.  Experiments  were  carried  out 
on  a  test  machine  with  a  load  capacity  of  500kN  and 
capable  of  high  strain  rates.  The  prior  austenite  grain 
size  increases  as  the  reheat  temperature  goes  up  from 
950  to  1210  C  and  decreases  with  applied  strain  up 
50%.  The  prior  austenite  grain  size  of  the  Nb-  and  V- 
treated  steels  are  nearly  equal.  As  the  cooling  rate 
after  deformation  decreases  from  1.9  to  0.8  C/s,  the 
ferrite  content  increases.  Deformation  reduces  the 
prior  austenite  grain  size  and  increases  the  ferrite  con- 
tent. The  hardness,  yield,  ultimate,  and  fracture 
stresses  are  not  a  strong  function  of  reheating  and  de- 
formation temperature  or  strain,  but  are  lowered  by 
about  10%  when  the  cooling  rate  is  reduced. 
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A  series  of  nitrogeviated  austenitic  stainless  steels  was 
produced  by  gas  atomization  and  HIP  consolidation 
using  various  combinations  of  nitrogen  and  argon  as 
the  melt  chamber  backfill  gas  and  as  the  atomizing 
gas.  Analysis  of  the  gas-only  flow  patterns  and  the 
physical  properties  of  nitrogen  and  argon  suggest  that 
their  atomization  behavior  should  be  quite  comparable. 
The  similar  particle  size  distributions  support  this  hy- 
pothesis and  indicate  that  the  liquid  metal  ligament  and 
sheet  break-up  were  unaffected  by  gas  type.  It  was 
found  that  the  nitrogen  content  of  the  powder  was 
largely  controlled  by  the  backfill  gas  and  that  the  frac- 
tion of  hollow  particles  was  determined  by  the  atomiza- 
tion gas.  The  nitrogen  content  of  the  standard  304L 
alloy  was  0.15  wt  %  when  processed  using  nitrogen 
for  both  backfilling  and  atomizing,  and  a  modified  ver- 
sion of  304L  with  23  wt  %  Cr  contained  0.21  wt  %  nitro- 
gen when  processed  in  the  same  manner.  Hardness, 
yield  strength,  and  the  ultimate  tensile  strength  of  the 
HIP  consolidated  powders  were  improved  with  the  ad- 
dition of  nitrogen  while  retaining  significant  tensile 
elongation  (about  40%). 
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To  represent  the  multiplicity  of  metastable  states  in  a 
bulk  ferromagnetic  material  with  domain-wall  pinning 
effects,  fluctuations  in  the  domain-wall  energies  are 
described  in  terms  of  an  ensemble  of  stochastic 
Langevin  functions.  The  model  parameters  used  are 
a  correlation  length,  a  rms  value  for  the  amplitude  of 
the  fluctuations  in  the  domain-wall  energy  gradient, 
and  a  'demagnetizing  factor.'  The  model  generates 
both  hysteresis  loops  and  Barkhausen  effect  (BE)  jump 
size  distributions.  Jump  size  distributions  were  deter- 
mined experimentally  for  low-carbon  rolled  sheet  steel 
with  the  field  applied  both  parallel  and  perpendicular 
to  the  rolling  direction.  Both  the  model  and  the  experi- 
mental BE  jump  size  distributions  show  a  power-law 
behavior  for  small  jumps  and  a  rapid  cutoff  at  large 
jump  sizes. 
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A  hot-deformation  apparatus  designed  to  simulate 
thermomechanical  processing  of  steel  plates  is  de- 
scribed, and  some  initial  results  for  a  study  on  con- 
trolled rolling  followed  by  direct  quenching  (CR-DQ)  of 
ASTM  A710  steel  are  presented.  The  apparatus  has 
the  following  features:  a  servohydraulic  load  frame  with 
a  250  kN  capacity  in  tension  or  compression;  a  vari- 
able-actuator traveling  speed  up  to  500  mm/s;  a  mul- 
tiple-strike capability  with  controllable  displacements 
and  strain  rates;  a  maximum  heating  rate  of  150  deg. 
C/s  with  a  1 0  kW  induction  heater  (for  a  cylindrical  steel 
specimen  mm  in  diameter  and  18  mm  in  height);  a 
maximum  cooling  rate  of  25  deg  C/s  with  helium-gas 
cooling;  and  vacuum  to  1.33  x  10(exp-3)  Pa  (1  x  10 
(exp-5)  torr)  within  25  min.  Experimental  results  indi- 
cated that  the  hardenability  of  the  steel  increased  with 
a  simplified  CR/DQ  processing.  The  CR/DQ  processed 
specimens  showed  variation  of  microstructure  within 
the  specimen  due  to  nonuniform  deformation  during 
compression.  Mechanisms  that  contributed  to  the  in- 
crease of  hardenability  are  discussed. 
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A  hot  etching  procedure  was  used  to  reveal  the  prior- 
austenitic  grain  size  of  several  steels.  Etching  experi- 
ments, using  molten  glass,  were  conducted  on  a  HSLA 
precipitation  hardened  steel,  two  alloy  steels,  and  a 
control-rolled  steel.  Experiments  were  also  conducted 


376 


MATERIALS  SCIENCES 


Iron  &  Iron  Alloys 


on  the  HSLA  precipitation  hardenable  steel  in  order  to 
determine  the  effects  of  prolonged  heating  on  the 
austenite  grain  size.  For  comparison  purposes,  the 
austenite  grain  size  of  the  HSLA  precipitation 
hardenable  steel,  as  a  function  of  temperature,  was  de- 
termined using  a  hot-stage  microscope. 
Photomicrographs  of  the  various  steels  showing  the 
microstructures  obtained  using  chemical  etchants  are 
also  presented.  A  comparison  of  prior-austenitic  grain 
sizes  which  were  determined  using  the  molten  glass 
etch  and  chemical  etches  is  shown. 
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Fully  dense  nitrogenated  austenitic  stainless  steels 
were  produced  by  gas  atomization  and  HIP  consolida- 
tion. The  base  alloy,  304L,  contained  about  0.15 
weight  percent  nitrogen  when  melted  under  a  nitrogen 
atmosphere,  and  a  modified  version  of  304L  with  23 
weight  percent  Cr  contained  0.21  weight  percent  nitro- 
gen. A  series  of  experiments  using  various  combina- 
tions of  N2  and  Ar  as  the  melt  chamber  backfill  gas 
and  atomizing  gas  demonstrated  that  the  nitrogen  con- 
tent of  the  powder  was  largely  controlled  by  the  backfill 
gas  and  that  the  fraction  of  hollow  particles  was  deter- 
mined by  the  atomization  gas.  The  hollow  powder  par- 
ticles, which  are  common  in  inert-gas  atomized  mate- 
rials, were  virtually  eliminated  in  the  nitrogen  atomized 
powders.  Additional  atomizing  experiments  using  cop- 
per and  a  nickel-base  superalloy  indicate  that  low  gas 
solubility  in  the  metal  leads  to  gas  entrapment.  Hard- 
ness and  compression  behavior  (yield  strength  and 
flow  stress)  are  substantially  improved  with  the  addi- 
tion of  nitrogen.  The  results  of  this  study  suggest  that 
the  properties  of  nitrogenated  stainless  steels  fab- 
ricated in  this  manner  are  comparable  to  other  high  ni- 
trogen austenitic  alloys. 
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For  one  material,  a  316LN  austenitic  steel,  a  compari- 
son is  made  between  the  Young's  modulus  measured 
statically  with  usual  commercial  equipment  and  that 
measured  dynamically  at  mega-hertz  frequencies.  The 
first  gives  a  +  or  -  6%  uncertainty;  the  second  a  +  or 
-  0.5%  uncertainty.  The  two  Young's  moduli,  207  GPa 
(static)  and  202  GPa  (dynamic),  agree  within  the  statis- 
tical bounds  of  the  static  measurement,  195  GPa  and 
21 9  GPa,  the  extreme  static  values  being  1 78  GPa  and 
229  GPa.  Simple  thermodynamics  that  shows  the  dif- 
ference between  dynamic  and  static  elastic  constants 
is  also  presented. 
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Using  a  scattered-plane-wave  ensemble-average 
model  developed  for  composite  materials,  we  cal- 
culated the  effective  elastic  constants  of  cast  iron.  We 
focused  on  the  effect  of  graphite-particle  aspect  ratio 
on  the  Young  modulus.  Between  model  and  observa- 
tion, we  found  good  agreement.  Oblate  spheroidal 
graphite  flakes  lower  the  elastic  stiffness  much  more 
than  do  spheres.  To  obtain  good  model-measurement 
agreement,  one  must  use  graphite's  lower  third-order- 
bound  (Kroner-bound)  elastic  constants.  Besides  the 
Young  modulus,  we  give  calculated  results  for  all  the 
other  usual  quasi-isotropic  elastic  constants:  shear 
modulus,  Poisson  ratio,  and  bulk  modulus. 
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X-ray  fluorescence  (XRF)  results  of  analysis  of  titanium 
in  National  Institute  of  Standards  and  Technology 
(NIST)  SRM  1165  and  1264  low  alloy  steels  were 
found  to  be  significantly  different  from  the  certified  val- 
ues. These  differences  appear  to  be  unique  to  the  XRF 
results  since  results  from  other  methods  such  as  emis- 
sion spectroscopy  did  not  show  any  discrepancies. 
The  microhomogeneity  of  selected  samples  was  ex- 
amined by  electron  probe  microanalysis  and  revealed 
the  presence  of  titanium  inclusions  containing  varying 
amounts  of  zirconium,  niobium,  and  tantalum.  Dif- 
ferences in  metallurgical  uniformity  is  believed  to  be 
the  major  cause  of  apparent  XRF  bias  in  these  SRM's. 
XRF  analysis  of  the  new  1760  series  alloys  indicates 
that  these  are  more  accurate  for  purposes  of  calibra- 
tion than  the  1 1 60  series  and  1 260  series  for  such  ele- 
ments as  titanium. 
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The  anisotropy  of  Young's  modulus  in  steel  sheet  is 
closely  related  to  the  r-value.  Commercially  available 
instrumentation  is  often  used  to  predict  formability  by 
measuring  the  resonant  frequencies  of  coupons  cut  at 
0,  45,  and  90  degrees  to  the  rolling  direction.  This 
paper  describes  recent  advances  in  instrumentation  to 
acquire  equivalent  information  nondestructive^,  with 
possibility  of  on-line  process  control.  The  technique 
uses  electromagnetic-acoustic  transducers  (EMAT's) 
to  excite  and  detect  ultrasonic  guided  waves  propagat- 
ing in  the  plane  of  the  sheet.  Theories  of  wave  propa- 
gation relate  the  velocities  of  these  waves  to  Young's 
modulus  anisotropy  or  to  the  orientation  distribution  co- 
efficients (ODC's)  describing  the  texture.  The  paper  re- 
views the  principles  of  the  measurement  and  then  pre- 
sents correlations  of  the  elastic  anisotropy,  as  deduced 
by  the  ultrasonic  instrumentation,  with  tensile  meas- 
urements of  r.  Measurements  of  Young's  modulus  ani- 
sotropy and  neutron  diffraction  measurements  of 
ODC's  are  also  included. 
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The  present  investigation  studies  the  effect  of  the  vol- 
ume fraction  inclusion  and  size  distribution  of  inclu- 
sions on  the  cryogenic  (4  K)  toughness  of  austenitic 
stainless  steel  weld  metals.  Two  weld  series  with  sys- 
tematic variations  in  the  volume  fraction  of  inclusions 
were  made  by  varying  the  oxygen  potential  of  the 
shielding  gas  at  a  constant  heat  input.  To  obtain  dif- 
ferences in  the  size  distribution  of  inclusions,  at  a  given 
volume  fraction  of  inclusions,  the  heat  input  was  var- 
ied. The  subsequent  examinations  of  the  welds  in- 
volved both  optical  microscopy  and  scanning  electron 
microscopy.  Automatic  image  analysis  was  used  to  de- 
termine the  inclusion  volume  fraction  and  size  distribu- 
tion. The  results  from  these  examinations  revealed  that 
the  arithmetic  mean  three-dimensional  inclusion  diam- 
eter increased  with  increasing  volume  fraction  of  inclu- 
sions. Moreover,  for  one  of  the  weld  series,  a  shift  in 
the  chemical  composition  of  inclusions  from  spherical 
manganese  silicates  to  predominantly  angular  chro- 
mium oxides  was  also  observed  with  increasing  con- 
tent of  weld-metal  oxygen.  Fracture  toughness  testing 
of  the  welds  showed  that  the  energy  required  to  initiate 
and  propagate  cracks  decreased  as  inclusion  volume 
fraction  increased.  Fractographic  examinations  re- 
vealed that  all  specimens  failed  in  a  ductile  manner 
with  fracture  surfaces  exhibiting  typical  ductile  dimple 
morphologies. 
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Unlubricated  sliding  friction  and  wear  of  440C  steels 
in  an  oxygen  environment  have  been  studied  under  a 
variety  of  load,  speed  and  temperature  ranging  from 
approximately  -185  to  675  C.  A  specially  designed  test 
apparatus  with  a  ball-on-flat  geometry  has  been  used 
for  this  purpose.  The  observed  dependencies  of  the  ini- 
tial coefficient  of  friction,  the  average  dynamic  coeffi- 
cient of  friction,  and  the  wear  rate  on  load,  speed,  and 
test  temperatures  have  been  examined  from  the  stand- 
point of  existing  theories  of  friction  and  wear.  High  con- 
tact temperatures  are  generated  during  the  sliding  fric- 
tion causing  rapid  oxidation  and  localized  surface  melt- 
ing. A  combination  of  fatigue,  delamination,  and  loss 
of  hardness  due  to  tempering  of  the  martensitic  struc- 
ture is  responsible  for  the  high  wear  rate  observed  and 
the  coefficient  of  friction. 
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Iron  &  Iron  Alloys 


Composite  deformation  theory  is  examined  and  ap- 
plied to  the  case  of  ferrite  and  pearlite  microstructures. 
The  goal  of  this  paper  is  to  use  the  basic 
microstructural  features  (grain  size  and  volume  fraction 
of  ferrite,  and  interlamellar  spacing  of  pearlite)  to  pre- 
dict as  much  of  the  stress-strain  curve  as  possible,  and 
from  the  stress-strain  curve,  to  calculate  strength.  Two 
different  deformation  schemes  are  examined  for  the 
prediction  of  stress-strain  curves:  first,  strain  partition- 
ing between  ferrite  and  pearlite,  and  second,  equal 
strain  in  ferrite  and  pearlite.  The  strain  partitioning  case 
can  be  used  to  predict  the  yield  strength  when  the  fer- 
rite volume  fraction  is  greater  than  about  33%.  When 
the  volume  fraction  of  ferrite  is  less  than  about  15%, 
an  equal-strain  deformation  scheme  can  be  used  to 
predict  the  flow  curve  up  the  uniform  strain  (both  yield 
and  ultimate  strengths).  Strengthening  from  microalloy 
precipitation  can  be  incorporated  by  adding  the  as- 
sumed additional  strengthening  to  the  flow  curves  for 
the  two  phases. 
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The  development  of  fracture  mechanics  dates  back 
five  centuries  to  Leonardo  da  Vinci,  who  carried  out 
experiments  on  the  fracture  of  iron  wire.  He  dem- 
onstrated that  the  strength  of  a  piece  of  wire  varies  in- 
versely with  its  length;  long  wires  are  weaker,  on  aver- 
age, while  short  wires  are  stronger.  This  behavior,  bet- 
ter known  today  as  the  size  effect,  supported  the  the- 
ory that  wire  fracture  is  initiated  by  rare  flaws.  A  longer 
piece  of  wire  is  more  likely  to  contain  a  larger  flaw  that 
causes  fracture  at  a  lower  critical  stress. 
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In  the  first  of  this  paper,  I  discuss  the  trends  in  fracture 
science  as  it  is  reflected  in  the  papers  given  at  this  and 
the  past  three  conferences  on  the  fundamentals  of 
fracture.  In  the  second  part  of  the  paper,  I  present 
some  results  carried  out  by  myself  and  callaborators 
on  certain  atomic  aspects  of  fracture  in  a  simple  two- 
dimensional  hexagonal  lattice,  i.e.  the  dislocation 
emission  criterion,  the  non-local  shift  in  the  emission 
criterion  caused  by  the  shielding  of  dislocations  al- 
ready present,  and  the  structure  and  some  properties 
of  the  interfacial  crack. 
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A  4  K  Charpy  test  is  defined  as  a  Charpy  test  in  which 
the  initial  temperature  of  a  specimen  is  4  K.  Two  meth- 
ods, a  glass  Dewar  method  and  a  flow  method,  are 
compared  in  this  study  to  demonstrate  that  both  pro- 
vide consistent  results  as  long  as  an  initial  specimen 
temperature  is  the  same.  An  improved  correlation  be- 
tween the  Charpy  absorbed  energy  and  the  fracture 
toughness  at  4  K  is  also  examined  to  clarify  the  limita- 
tion of  Charpy  test  applications  at  cryogenic  tempera- 
tures. 
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Two  different  approaches  predict  the  yield-strength  in- 
crement (deltaYS)  due  to  V  additions  in  ferrite-pearlite 
forging  steels.  The  first  is  based  on  the  cooling  rate 
and  on  the  V  and  N  contents  dissolved  in  austenite  be- 
fore transformation  to  ferrite.  The  second  is  based  on 
the  V  available  for  precipitations  strengthening  in  fer- 
rite. Based  on  comparisons  between  the  prediction 
schemes  and  measured  results  in  the  literautre  for  a 
range  of  compositions  and  forging  variables,  both  ap- 
proaches predict  similar  trends.  There  is  no  consist- 
ently better  agreement  with  the  measured  deltaYS  for 
one  approach  than  for  the  other.  Considering  the  re- 
heat/deformation temperatures  typically  used  in  indus- 
trial practice,  the  first  approach  based  on  V  and  N  dis- 
solved in  austenite  is  preferred. 
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A  nitrogen-strengthened  autenitic  stainless  steel  was 
tested  in  uniaxial  tension  at  room  temperature  (295  K) 
and  in  liquid  nitrogen  (76  K).  A  transition  in  ductile  frac- 
ture appearance  from  a  cup-cone  fracture  at  room  tem- 
perature to  shear  fracture  at  cryogenic  temperature  is 
observed  and  correlated  to  deformation  behavior  and 
micromechanisms  (void  nucleation  and  strain  localiza- 
tion) of  fracture.  The  flow  stresses,  fracture  stresses, 
and  strain  hardening  rates  are  all  higher  at  liquid  nitro- 
gen temperature  compared  to  those  at  room  tempera- 
ture, and  the  significant  increases  in  platic  flow 
stresses  are  accompanied  by  planar  deformation 
mechanisms.  At  both  temperatures,  primary  void  nu- 
cleation is  observed  mainly  at  scattered,  large  patches 
of  sigma  phase,  and  initial  primary  void  growth  is  asso- 
ciated with  tensile  instability  (necking)  in  the  specimen. 
Postuniform  elongation  at  195  K  leads  to  secondary 
void  growth  and  coalescence  is  highly  localized  and 
does  not  contribute  to  macroscopic  elongation.  At  76 
K,  uniform  strain  increases,  total  strain  decreases,  and 
strain  location  into  shear  bands  between  the  primary 
voids  and  the  surface  of  the  neck  leads  directly  to  fail- 
ure. Secondary  void  nucleation,  growth,  and  coales- 
cence are  limited  to  shear  bands  and  also  do  not  con- 
tribute to  the  macroscopic  elongation.  The  observa- 
tions of  void  nucleation  are  characterized  in  terms  of 
a  continuum  analysis  for  the  interfacial  stress  at  void- 
nucleating  particles.  The  critical  interfacial  stress  for 
void  nucleation  at  the  lower  temperature  correlates 
with  the  increased  flow  properties  of  the  matrix. 
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Specimens  of  martensitic  4140  steel  were  tempered  at 
200,  300,  and  400  degrees  C  and  subjected  to  uniaxial 
tensile  testing  and  fractographic  examination.  Ductility 
does  not  increase  as  flow  stresses  decrease  with  in- 
creasing tempering  temperature.  This  manifestation  of 
tempered  martensite  embrittlement  is  related  to  the  in- 
troduction of  new  void-nucleating  carbide  particles  by 
high  temperature  tempering  and  the  effect  of  the  par- 
ticle distributions  on  ductile  fracture.  Calculations  of 
void-nucleating  stresses  at  the  interfaces  of  carbide 
particles  at  fracture,  incorporating  the  effects  of  macro- 
scopic changes  during  necking,  were  made.  The  effect 
of  changing  particle  distributions  on  these  calculations 
are  discussed. 
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Short  crack  simulation  (SCS)  tests  were  used  to  char- 
acterize the  fatigue  crack  growth  rates  da/dN  and 
thresholds  deltaK(Th)  of  a  Ni-Fe  superalloy  proposed 
for  conduit  sheath  applications  in  superconducting 
magnets  at  4  K.  Experiments  described  demonstrate 
the  reproducibility  of  the  SCS  data  and  confirm  that  this 
alloy  has  a  relatively  high  fatigue  crack  growth  rate 
threshold  at  4  K.  The  effects  of  plate  thickness  and 
thermal  treatment  (650  degrees  C,  180  h)  on  near- 
threshold  fatigue  properties  are  minor  compared  with 
a  strong  cryogenic  temperature  effect  that  increases 
the  fatigue  threshold  from  about  2  MPa.m(to  the  one 
half  power)  at  room  temperature  to  9  or  10  MPa.mfto 
the  one  half  power)  at  4  K. 
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The  yield  strength  of  ultra-low  carbon  steel  increases 
from  137  MPa  at  195  K  to  705  MPa  at  4  K.  In  liquid 
helium  the  material  is  brittle  and  cleaves  in  tension. 
Consequently  it  is  difficult  or  impossible  to  properly  fa- 
tigue-precrack  toughness  specimens  for  test  at  4  K. 
We  precracked  a  series  of  compact  specimens  at  room 
temperature  and  then  fractured  them  at  4  K.  The 
toughness  measurements  at  4  K  are  affected  by 
precracking  at  295  K,  and  they  provide  only  an  esti- 
mate of  K(lc)  for  this  steel:  15  MPa  M(to  the  one  half 
power).  The  tensile  properties  of  the  steel  at  295  and 
4  K  are  reported,  and  the  effects  of  prestress  on  the 
tensile  and  fracture  properties  at  4  K  are  discussed. 
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The  successful  utilization  of  advanced  structural  ce- 
ramic materials  as  tribological  components  in  high  tem- 
perature engine  applications  requires  friction  coeffi- 
cients in  the  range  of  0.1  to  0.2.  The  low  values  of  fric- 
tion coefficients  are  needed  for  energy  conservation 
and  control  of  the  wear  rate,  since  it  has  been  shown 
that  the  wear  of  ceramics  is  adversely  affected  by  fric- 
tion. Presently,  liquid  lubricants  are  not  available  for 
the  high  temperature  applications.  Solid-lubricant  coat- 
ings appear  as  a  viable  alternative  to  achieve  a  low 
friction  coefficient.  In  the  present  study,  the  tribological 
characteristics  of  a  multicomponent  solid-lubricant 
coating  deposited  on  alumina  is  investigated  up  to  a 
temperature  of  800  C,  and  compared  with  that  of 
uncoated  alumina. 
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Successful  use  of  advanced  ceramics  in  many 
tribological  applications  requires  an  understanding  of 
the  physical,  chemical,  and  mechanical  properties  of 
the  material.  This  report  describes  a  systematic  study 
to  investigate  the  effects  of  selected  organic  chemical 
compounds  on  the  friction  and  wear  of  silicon  nitride 
under  boundary  lubrication  conditions.  A  broad  range 
of  chemistries  were  investigated.  Results  are  grouped 
according  to  predominant  chemical  compound  class  as 
oxygen,  phosphorus,  halogen,  sulfur,  and  nitrogen- 
containing  chemistries. 

03,227 

PB96-119466       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Ceramics  Div. 

Mechano-Chemical  Model:  Reaction  Temperatures 

in  a  Concentrated  Contact. 

Final  rept. 

S.  M.  Hsu,  M.  C.  Shen,  E.  E.  Klaus,  H.  S.  Cheng, 

and  P.  I.  Lacey.  1994,  10p. 

Pub.  in  Wear,  v1 75  p209-21 8  1 994. 

Keywords:  'Boundary  lubrication,  'Models,  'Wear 
tests,  'Tribology,  'Surface  chemistry,  Chemical  reac- 
tions, Fluid  mechanics,  Hydrodynamics,  Kinetics,  Deg- 
radation, Temperature,  Wear,  Reprints,  'Contact  me- 
chanics. 

Successful  boundary  lubrication  is  essential  in  the  de- 
sign and  operation  of  many  components.  The  lubrica- 
tion process  is  complex  and  it  involves  contact  me- 
chanics, fluid  mechanics,  tribochemistry,  and  material 
deformation  and  fracture.  Two  schools  of  thought  have 
emerged  over  the  years  in  examining  the  mechanisms 
and  modeling  of  boundary  lubrication.  The  chemical 
school  believes  that  chemical  reactions  at  the  rubbing 
surfaces  control  the  efficacy  of  the  lubrication  process. 
The  mechanical  school  believes  that  while  chemistry 
is  a  factor,  hydrodynamics,  elastohydrodynamics 
(EHD),  and  micro-EHD  can  account  for  most  of  the 
load-bearing  mechanisms,  so  at  least  in  design,  they 
are  the  principal  issues.  This  paper  attempts  to  bring 
the  two  schools  together  to  examine  a  common  set  of 
experimental  data.  The  experiments  involved  running 
wear  tests  on  a  four-ball  wear  tester  using  microliter 


of  lubricant  until  seizure.  Lubricant  degradation  and 
breakdown  are  therefore  a  factor  in  the  wear  test.  The 
key  to  both  models  is  the  temperatures  in  the  contest. 
This  paper  describes  the  two  models  and  focuses  on 
the  temperatures  in  the  contact.  The  temperatures  cal- 
culated from  the  two  models  differ  significantly. 
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The  present  work  is  a  review  of  the  substantial  effort 
that  has  been  made  to  measure  and  understand  the 
effects  of  corrosion  with  respect  to  the  properties,  per- 
formance, and  durability  of  various  forms  of  silicon  car- 
bide and  silicon  nitride.  The  review  encompasses  cor- 
rosion in  diverse  environments,  usually  at  tempera- 
tures of  1 000C  or  higher.  The  environments  include  dry 
and  moist  oxygen,  mixtures  of  hot  gaseous  vapors, 
molten  salts,  molten  metals,  and  complex  environ- 
ments pertaining  to  coal  ashes  and  slags. 
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The  wear  mechanisms  of  polycrystalline  ceramics 
have  been  studied  using  wear  map  methodology. 
Wear  of  ceramic  materials  was  examined  under  a  wide 
range  of  speed  and  load  to  identify  different  wear  re- 
gimes, and  to  establish  the  critical  operating  limits.  The 
methodology  also  facilitates  comparison  among  dif- 
ferent materials  under  various  systems  parameters 
such  as  dry  sliding,  non-reactive  fluids,  and  reactive 
fluids.  The  present  study  compares  the  wear  mecha- 
nisms of  alumina,  silicon  nitride,  partially  stabilized 
zirconia,  and  silicon  carbide  whisker  reinforced  alu- 
mina. Particular  attention  is  given  to  the  location  of  the 
transition  zone  from  mild  plastic  deformation  to  rapid 
fracture  controlled  wear  and  the  concomitant  increase 
in  wear  rate. 
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The  purpose  of  the  analysis  is  to  develop  a  qualitative 
understanding  on  the  propagation  of  cracks  relevant 
to  the  formation  of  wear  particles  in  an  elastically  de- 
forming stress  field.  A  shallow  subsurface  crack  ori- 
ented parallel  to  the  boundary  and  a  vertical  surface- 
breaking  crack  were  analyzed.  Three  different  series 
of  photoelastic  experiments  were  conducted  on  each 
crack  type  and  results  for  the  stress  intensity  factors 
for  both  the  opening  mode  and  the  shearing  mode 
were  determined.  The  relative  signs  of  K(l)  and  K(ll), 
which  depend  on  the  location  of  crack  tip  with  respect 
to  the  point  of  load  application,  were  used  to  predict 
the  crack  trajectories.  The  implications  of  these  results 
on  the  process  of  wear  particle  formation  in  elastically 
deforming  materials,  such  as  ceramics,  are  discussed. 
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Improved  vacuum  deposition  methods  are  now  avail- 
able to  produce  dense,  suitability  oriented,  durable 
films  of  molybdenum  disulfide  on  substrates  appro- 
priate for  tribological  applications.  It  is  of  interest  to  ex- 
amine materials  in  sliding  contact  with  such  films  in 
order  to  identify  optimum  combinations,  and  to  improve 
further  tribological  performance  of  the  system.  Results 
of  wear  and  friction  measurements  are  presented  to 
a  number  of  materials  including  self-lubricating  com- 
posites sliding  against  four  different  types  of  vacuum- 
deposited  MoS2  films.  The  testing  program  utilized  a 
controlled  environment,  pin-on-ring  tribometer,  with 
load  and  speed  conditions  appropriate  to  a  possible 
application.  Differences  in  wear  over  four  orders  of 
magnitude,  and  friction  up  to  a  factor  of  seven  times, 
were  measured  among  the  materials.  One  application 
area  of  interest  for  these  material  combinations  would 
be  as  ball  retainers  in  rolling  element  bearings  for 
space  satellite  systems. 
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A  model  was  developed  which  predicts  the  conditions 
under  which  volumetric  expansion  of  cementitious  ma- 
terials are  most  likely  and  the  amount  of  expansion  ex- 
pected. Model  parameters  include  concrete  composi- 
tion, phase  densities,  water-cement  ratio,  degree  of  hy- 
dration, extent  of  expansive  reaction  and  reaction  stoi- 
chiometry.  The  model  was  applied  to  several  different 
reactions  involving  sulfate  attack  of  concrete,  including 
gypsum  and  ettringite  formation  reactions.  The  model 
predicted  that  ettringite  formation  from  monosulfate 
would  not  cause  general  expansion.  However,  local 
expansion  could  occur  if  ettringite  occupied  the  same 
space  vacated  by  reacting  monosulfate.  The  model 
predicted  that  if  sufficient  unhydrated  tricalcium  alu- 
minate (C3A)  was  available  in  mature  cement  paste 
and  it  reacted  with  gypsum  to  form  ettringite,  the  reac- 
tion could  cause  expansion  at  low  water-to-cement  ra- 
tios. 
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Friction  and  wear  experiments  were  conducted  on  high 
purity  alpha-alumina  sliding  against  a  similar  material 
in  air  under  different  contact  loads  and  at  temperatures 
ranging  from  23  C  to  900  C.  Experimental  results  indi- 
cate that  tribochemical  reactions  between  water  vapor 
and  alpha-alumina  at  room  temperature  produce  alu- 
minum hydroxide  which  result  in  relatively  low  coeffi- 
cients of  friction  and  low  wear  rates.  Both  the  coeffi- 
cient of  friction  and  the  wear  rate  of  alumina  were  low 
at  intermediate  temperatures  (200  C  to  800  C),  if  the 
contact  stress  was  below  a  threshold  value.  Above  this 
load,  wear  occurred  by  fracture,  the  wear  coefficient 
exceeded  a  value  of  .0001 ,  and  the  coefficient  of  fric- 
tion increased  to  0.90.  At  900  C,  the  coefficient  of  fric- 
tion was  0.40  and  the  wear  coefficient  was  reduced  to 
.0001,  because  of  the  formation  of  a  silicon-rich  layer 
on  the  wear  track.  A  contact  mechanics  model  based 
on  linear  elastic  fracture  mechanics  indicated  that  the 
propagation  of  cracks  from  pre-existing  flaws  controls 
the  onset  of  catastrophic  wear  in  the  intermediate  tem- 
perature range. 
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The  stability  of  sputtered  iridium  oxide  films  is  inves- 
tigated after  exposure  to  pH  4,  7,  and  10  solutions  at 
200  C  (15  bar)  and  245  C  (40  bar).  These  reactively 
sputtered  films  are  being  considered  as  pH-sensing 
electrodes  in  high-temperature  high-pressure  saline 
solutions  such  as  those  found  underground  in  potential 
nuclear  repositories.  The  sputtered  iridium  oxide  films 
(SIROF)  have  a  linear  response  of  approximately  53- 
58  mV  per  pH  at  room  temperature  under  a  wide  range 
of  solution  conditions.  Other  advantages  include  their 
ruggedness,  small  size,  high  voltage/low  impedance 
output,  and  the  low  cost  of  fabrication.  To  evaluate 
their  stability,  the  films  are  exposed  in  a  Teflon-lined 
bomb  for  up  to  70  h  at  high  temperature.  The  pH  test- 
ing of  50  samples  includes  cycling  between  pH  2  and 
pH  12  before  and  after  exposure.  Changes  of  the  po- 
tential intercept  and  the  slope  are  most  severe  after 
acidic  conditions  at  250  C.  It  is  found  that  ion-assisted 
deposition  helps  to  maintain  film  adherence  and  con- 
tinuity on  the  alumina  substrates  during  exposure  to 
200  C  solutions. 
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Physical  aging  studies  near  to  the  conventional  glass 
transition  temperature  Tg  were  made  using  a  model 
epoxy  glass.  Nonlinear  viscoelastic  responses  were 
measured  after  quenching  the  samples  from  above  Tg 
to  below  it.  The  physical  aging  response  in  creep  in 
simple  extension  was  studied  as  a  function  of  stress 
magnitude  and  in  stress  relaxation  in  torsion  at  a  func- 
tion of  deformation  magnitude.  In  each  test  the  time 
t(star)  for  the  aging  time  shift  factor  to  approach  a  con- 
stant value  was  determined  and  found  to  be  independ- 


ent of  the  stress  or  deformation  magnitude.  These  re- 
sults are  interpreted  to  mean  that  large  mechanical 
stimuli  do  not  alter  the  underlying  therodynamic  state 
of  the  glass  and  aging  is  not  'erased'  by  the  large 
stresses  or  deformations. 
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Some  wear  testing  approaches  used  in  research  and 
in  standardized  testing  are  discussed,  along  with  data 
from  several  interlaboratory  studies  of  wear.  Four  criti- 
cal factors  are  suggested  to  explain  the  relatively  high 
variation  in  measured  wear  properties  from  three 
prominent  test  geometries  and  methods.  The  factors 
are:  uniform  wear  scar  morphology,  wear  debris  reten- 
tion in  the  contact,  test  system  dynamic  stiffness,  and 
specimen  shape.  Further  research  efforts  are  needed 
to  better  identify  and  understand  these  factors,  so  that 
the  test  methods  can  be  improved  and  the  wear  data 
obtained  using  them  are  more  accurate  and  useful. 
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Many  opportunities  exist  today  for  evaluated  tribology 
data  and  information  to  influence  material  selection, 
component  design,  predictive  model  development,  and 
planning  of  research  and  development  programs  for 
new  materials  and  understanding.  In  order  for  tribology 
databases  to  have  a  significant  impact,  there  is  need 
for  improved  standards  of  tribological  measurement, 
and  for  new  standards  of  data  systems  themselves. 
Basic  considerations  applying  to  tribology  data  and  in- 
formation are  presented  and  discussed  in  this  paper. 
Current  developments  in  the  U.S.  in  a  joint  govern- 
ment-private sector  activity  concerned  with  a  com- 
prehensive data  and  information  system  for  tribology, 
ACTIS,  are  also  described. 
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ASTM's  Committee  on  Wear  and  Erosion  has  spon- 
sored numerous  symposia  in  subject  areas  such  as 
wear,  solid  particle  erosion,  and  wear  modeling.  The 
focus  of  those  symposia  and  the  resulting  Special 
Technical  Publications  (STPs)  involved  numerous  sci- 
entific and  engineering  subjects,  as  well  as  the  area 
of  test  methodology.  One  important  area  that  has  not 
been  covered  so  far  is  the  connection  between  labora- 
tory testing  and  actual  operating  performance  of  sys- 
tems or  components.  The  connection  between  labora- 
tory testing,  test  results,  and  final  design  and  perform- 
ance is  a  crucial  one  in  the  practical  application  of 
tribology  science  and  engineering. 
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Y.  S.  Wang,  S.  M.  Hsu,  and  R.  G.  Munro.  1990,  6p. 
Pub.  in  Proceedings  of  Japan  International  Tribology 
Conference,  Nagoya,  October  29-November  1,  1990, 
p1 225-1 230. 

Keywords:  "Aluminum  oxide,  'Wear  tests, 
"Mathematical  models,  'Sliding  friction, 
'Microstructure,  Ceramics,  Tribology,  Lubrication,  Ten- 
sile stress,  Loads(Forces),  Velocity,  Reprints. 

A  wear  model  incorporating  microstructural  effects  has 
been  developed  to  understand  the  wear  data  of  alu- 
mina sliding  on  alumina  under  dry,  paraffin  oil  lubri- 
cated, and  water  lubricated  conditions.  The  model  ac- 
counts for  the  wear  transitions  which  were  observed 
under  different  speeds  and  loads.  A  normalized  tensile 
stress  delta(sub  max)/delta(sub  D)  is  proposed  as  a 
critical  parameter  to  explain  wear  transitions. 
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Molecular  Orbital  Study  of  Water  Enhanced  Crack 

Growth  Process. 

Final  rept. 

W.  Wong-Ng,  G.  S.  White,  and  S.  W.  Freiman.  1990, 

4p. 

Pub.  in  Materials  Research  Society  Extended  Abstract 
(EA-23),  p11-14  1990. 

Keywords:  'Silicon  dioxide,  'Environmental  effects, 
'Molecular  orbitals,  'Crack  propagation,  'Water  im- 
mersion, Covalent  bonds,  Self  consistent  field,  Chemi- 
cal bonds,  Atomic  properties,  Ions,  Strains,  Reprints. 

To  further  our  understanding  of  the  mechanism  of  envi- 
ronmentally enhanced  crack  growth,  molecular  orbital 
calculations  (MO)  using  the  ab  initio  self-consistent 
field  (SCF)  technique  have  been  employed  to  inves- 
tigate the  effect  of  applied  strain  on  the  atomic 
charges,  bond  overlap  population  and  ionic  character 
of  the  Si-O  bond  at  the  crack  tip  of  silica.  Pyrosilicic 
acid  H6Si207  with  eclipsed  conformation  has  been 
employed  as  the  model  molecule.  Strain  effects  up  to 
30%  were  simulated  in  terms  of  bond  stretching  and 
angle  distortion. 
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Artificial  Crack  in  Steel:  An  Ultrasonic-Resonance- 

Spectroscopy  and  Modeling  Study. 

Final  rept. 

H.  Ledbetter,  P.  Heyliger,  K.  Pei,  S.  Kim,  and  C. 

Fortunko.  1995,  7p. 

Pub.  in  Review  of  Progress  in  Quantitative  Non- 
destructive Evaluation,  v14  p201 9-2025  1995. 

Keywords:  'Cracks,  'Steels,  'Spectroscopy, 
Ultrasonics,  Reprints,  Defect  detection,  Finite  element 
method,  Ritz  method,  Natural-vibration  frequencies. 

The  problem  of  detecting  and  characterizing  cracks  in 
solids  is  a  major  research  area  involving  contributions 
from  mathematics,  physics,  mechanics,  and  materials 
science.  In  the  present  study  the  authors  approached 
this  problem  from  both  measurement  and  modeling 
viewpoints.  In  the  measurements,  the  authors  used  ul- 
trasonic-resonance spectropscopy  to  determine  the 
macroscopic-vibration-frequency  shifts  caused  by  an 
artificial  (electromachined)  crack.  The  modeling  used 
a  finite-element  method  to  approximate  the  macro- 
scopic vibration  frequencies  of  a  cracked  solid.  As  a 
check,  the  authors  used  the  Ritz  method  to  calculate 
the  frequencies  of  the  noncracked  solid. 
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Keywords:  'Materials,  'Subject  indexing,  Commerce, 
Technology  transfer,  Chemistry,  Engineering,  Physics, 
Space  sciences,  Standards,  Mathematics,  Tele- 
communications, Industrial  research,  Physical 
sciences,  Scientists,  Applied  mechanics. 

This  report  is  intended  for  use  in  conjunction  with  NBS 
Report  9057,  Preliminary  List  of  References  Contain- 
ing Compilations  of  Data  on  Properties  of  Materials.  It 
contains  two  parts:  (1 )  a  preliminary  subject  index;  and 
(2)  a  name  index  of  authors,  editors,  translators,  and 
corporate  sponsors. 
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AD-A302  670/5       PC  A05/MF  A01 
Optical  Materials,  Inc.,  Cambridge,  MA. 
Preliminary  List  of  References  Containing  Com- 
pilations of  Data  on  Properties  of  Materials. 

J.  G.  Beckerley.  1966,  66p,  NBS-9057. 

Contract  CST-1321 

ADA302669. 

Keywords:  'Materials,  'Bibliographies,  'Scientific  lit- 
erature, Commerce,  Technology  transfer,  Chemistry, 
Engineering,  Physics,  Space  sciences,  Standards, 
Mathematics,  Telecommunications,  Industrial  re- 
search, Physical  sciences,  Applied  mechanics. 

This  preliminary  list  contains  1,000  references  in  al- 
phabetical order  by  author  or  editor.  The  references 
contain  compilations  of  numerical  data  on  the  physical 
properties  or  materials. 
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Dielectric  Studies  of  Fluids  with  Reentrant  Reso- 
nators. Appendix  B. 

A.  R.  H.  Goodwin,  and  M.  R.  Moldover.  1993,  10p, 

CONF-9305134-4-APP.B. 

Contract  AI05-88ER13823 

Symposium  on  Energy  Engineering  Sciences  (11th), 
Argonne,  IL  (United  States),  3-5  May  1993.  Sponsored 
by  Department  of  Energy,  Washington,  DC. 

Keywords:  'Dielectric  Properties,  Mixtures,  Calibration, 
Cavity  Resonators,  Fluids,  Fluorine  Compounds, 
Measuring  Methods,  Phase  Transformations,  RF  Sys- 
tems, Temperature  Dependence,  "Refrigerants,  EDB/ 
420400. 

We  have  used  a  reentrant  radio-frequency  (rf)  cavity 
as  a  resonator  operating  near  375  MHz  to  measure 
changes  in  the  dielectric  constant  of  fluids  within  it.  The 
utility  of  these  measurements  was  demonstrated  by 
determining  the  dipole  moment  of  1,1,1,2,5,3- 
hexafluoropropane,  a  candidate  replacement  refrig- 
erant (denoted  R236ea)  and  by  detecting  the  phase 
boundaries  in  the  mixture  ((l-x)C(sub  2)H(sub  6)  + 
xCO(sub  2)),  for  the  mole  fraction  x  =  0.492.  The  den- 
sities of  the  coexisting  phases  of  the  mixture,  were  de- 
termined using  the  Clausius-Mossotti  relation  which 
has  errors  on  the  order  of  0.5  %  in  this  application.  To 
test  the  accuracy  of  the  present  techniques,  the  rf  reso- 
nator was  calibrated  with  helium  and  then  used  to  re- 
determine the  molar  polarizability  A(sub  c)  of  argon. 
The  results  were  in  excellent  agreement  with  published 
values.  Our  design  of  the  recent  resonator  makes  it 
suitable  for  use  with  corrosive  fluids  at  temperatures 
up  to  400(degrees)C. 
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National  Inst,  of  Standards  and  Technology,  Boulder, 
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Thermophysical  Properties  of  HFC-143a  and  HFC- 
152a.  Quarterly  Report,  1  July  1993-30  September 
1993. 

Progress  rept. 

W.  M.  Haynes.  Oct  93,  27p,  DOE/CE/23810-22A. 
Contract  FG02-91CE23810 

Sponsored  by  Department  of  Energy,  Washington,  DC. 

Keywords:  'Freons,  "Refrigerants,  Compiled  Data, 
Data  Compilation,  Density,  Equations  of  State,  Phys- 
ical Properties,  Progress  Report,  Specific  Heat,  Ther- 
modynamic Properties,  Vapor  Pressure,  Volume, 
Tables(data),  "Thermophysical  properties,  EDB/ 
360606. 

Numerous  fluids  have  been  identified  as  promising  al- 
ternative refrigerants,  but  much  of  the  information 
needed  to  predict  their  behavior  as  pure  fluids  and  as 
components  in  mixtures  does  not  exist.  In  particular, 
reliable  thermophysical  properties  data  and  models  are 


needed  to  predict  the  performance  of  the  new  refrig- 
erants in  heating  and  cooling  equipment  and  to  design 
and  optimize  equipment  to  be  reliable  and  energy  effi- 
cient. Objective  of  this  project  is  to  provide  highly  accu- 
rate, selected  thermophysical  properties  data  for  refrig- 
erants HFC-143a  (CH(sub  3)CF(sub  3))  and  HFC- 
152a  (CH(sub  3)CHF(sub  2))  and  to  use  these  data 
to  fit  complex  equations  of  state  and  detailed  transport 
property  models.  The  new  data  will  fill  gaps  in  the  exist- 
ing data  sets  and  resolve  problems  and  uncertainties 
that  exist  in  and  between  the  data  sets. 


03,246 
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Development  of  Measurement  Capabilities  for  the 
Thermophysical   Properties   of  Energy-Related 
Fluids.  Annual  Report,  December  1, 1993-Novem- 
ber  30,1994. 
Progress  rept. 

17  Aug  93,  24p,  DOE/ER/13823-T3. 
Contract  AI05-88ER 13823 

Sponsored  by  Department  of  Energy,  Washington,  DC. 

Keywords:  'Refrigerants,  "Measuring  Instruments, 
Calorimeters,  Densimeters,  Dielectric  Properties, 
Phase  Studies,  Progress  Report,  Solutions,  Thermal 
Conductivity,  Viscosimeters,  "Thermophysical  prop- 
erties, EDB/440800. 

Objectives  are  to  develop  state-of-the-art  experimental 
apparatus  for  measuring  the  thermophysical  properties 
of  a  wide  range  of  fluids  and  fluid  mixtures  important 
to  the  energy,  chemical,  and  energy-related  industries, 
and  carry  out  benchmark  measurements  on  key  sys- 
tems. Measurement  capabilities  to  be  developed  cover 
transport  properties,  thermodynamic  properties,  phase 
equilibria  properties,  and  dielectric  properties.  The  new 
apparatus  will  make  it  possible  to  study  a  wide  range 
of  complex  fluid  systems  under  conditions  that  have 
been  previously  inaccessible.  Specific  measurement 
capabilities  to  be  developed  are:  Thermal  Conductivity 
Apparatus,  Vibrating  Wire  Viscometer,  Dual-Sinker 
Densimeter,  High-Temperature  Vibrating  Tube  Den- 
simeter, Dynamic  Phase  Equilibria  Apparatus,  Appara- 
tus for  Dilute  Solutions,  Total-Enthalpy  Flow  Calorime- 
ter, Dielectric  Constant  Apparatus.  The  research  also 
includes  benchmark  experimental  measurements  on 
pure  and  mixed  alternative  refrigerants,  aqueous  solu- 
tions, and  carefully  selected  systems  consisting  of  spe- 
cies of  diverse  size  (methane  +  neopentane)  and  po- 
larity (methane  +  ammonia)  important  for  development 
of  predictive  models  for  energy-related  fluids.  (ERA  ci- 
tation 19:030826) 
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W.  M.  Haynes.  Oct  94,  6p,  DOE/CE/23810-48A. 
Contract  FG02-91CE23810 

Sponsored  by  Department  of  Energy,  Washington,  DC. 

Keywords:  "Refrigerants,  Performance,  Progress  Re- 
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Numerous  fluids  and  fluid  mixtures  have  been  identi- 
fied as  promising  alternatives  to  the  HCFC  refrigerants, 
but,  for  many  of  them,  reliable  thermodynamic  data  do 
not  exist.  In  particular,  reliable  thermodynamic  prop- 
erties data  and  models  are  needed  to  predict  the  per- 
formance of  the  new  refrigerants  in  heating  and  cooling 
equipment  and  to  design  and  optimize  equipment  to 
be  reliable  and  energy  efficient.  The  objective  of  this 
project  is  to  measure,  with  high  accuracy,  selected 
thermodynamic  properties  data  for  two  pure  refrig- 
erants and  nine  refrigerant  blends;  these  data  will  be 
used  to  fit  equations  of  state  and  other  property  models 
which  can  be  used  in  equipment  design.  The  new  data 
will  fill  in  gaps  in  the  existing  data  and  resolve  problems 
and  differences  that  exist  in  and  between  existing  data 
sets.  Most  of  the  studied  fluids  and  blends  are  potential 
replacements  for  HCFC-22  and/or  R502;  in  addition, 
one  pure  fluid  and  one  blend  are  potential  replace- 
ments for  CFC-13  in  low  temperature  refrigeration  ap- 
plications. 
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National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD. 


Lean  flammability  limit  as  a  fundamental  refrig- 
erant property.  Phase  1,  Interim  technical  report, 
1  October  1994-31  March  1995. 

C.  Womeldorf,  M.  King,  and  W.  Grosshandler.  31 
Mar  95,  30p,  DOE/CE/23810-58. 
Contract  FG02-91CE23810 

Sponsored  by  Department  of  Energy,  Washington,  DC. 

Keywords:  "Refrigerants,  Chlorofluorocarbons,  Flam- 
mability, Testing,  EDB/320106. 

Due  to  the  ozone-depleting  effects  of  commonly  used 
chlorofluorocarbon  refrigerants,  safe  environmentally- 
friendly  replacements  must  be  found.  HFC-32  (CH(sub 
2)F(sub  2))  and  other  hydrochlorofluorocarbons  are 
potential  candidates;  however,  in  contrast  with  the 
CFCs,  many  of  these  compounds  are  flammable.  Test- 
ing the  flammability  limits  of  these 
hydrochlorofluorocarbons  using  traditional  ASTM  E- 
681  methods  has  produced  a  range  of  limits  depending 
upon  the  vessel  and  ignition  source  used.  This  project 
demonstrates  the  feasibility  of  defining  a  fundamental 
flammability  limit  of  HFC-32,  that  occurs  at  the  limit  of 
a  zero  strain  rate  and  is  independent  of  ignition  source. 
Using  a  counterflow  twin-flame  burner  to  define  extinc- 
tion points  for  different  strain  rates,  an  extrapolation  to 
zero  strain  rate  is  performed.  Using  this  technique,  pre- 
liminary results  on  the  lean  flammability  limit  of  HFC- 
32  and  the  critical  flammability  ratio  of  HFC-1 25  (C(sub 
2)HF(sub  5))  in  ETC-32  are  reported. 
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Thermophysical  properties  of  HCFC  alternatives. 
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Composition,  Chlorofluorocarbons,  Density,  Experi- 
mental Data,  Fluorinated  Aliphatic  Hydrocarbons,  Liq- 
uids, Material  Substitution,  Measuring  Instruments, 
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Numerous  fluids  and  fluid  mixtures  have  been  identi- 
fied as  promising  alternatives  to  the  HCFC  refrigerants, 
but,  for  many  of  them,  reliable  thermodynamic  data  do 
not  exist.  In  particular,  reliable  thermodynamic  prop- 
erties data  and  models  are  needed  to  predict  the  per- 
formance of  the  new  refrigerants  in  heating  and  cooling 
equipment  and  to  design  and  optimize  equipment  to 
be  reliable  and  energy  efficient.  The  objective  of  this 
project  is  to  measure,  with  high  accuracy,  selected 
thermodynamic  properties  data  for  two  pure  refrig- 
erants and  nine  refrigerant  blends;  these  data  will  be 
used  to  fit  equations  of  state  and  other  property  models 
which  can  be  used  in  equipment  design.  The  new  data 
will  fill  in  gaps  in  the  existing  data  and  resolve  problems 
and  differences  that  exist  in  and  between  existing  data 
sets.  Most  of  the  studied  fluids  and  blends  are  potential 
replacements  for  HCFC-22  and/or  R502;  in  addition, 
one  pure  fluid  and  one  blend  are  potential  replace- 
ments for  CFC-13  in  low  temperature  refrigeration  ap- 
plications. 
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Thermophysical  properties  of  HCFC  alternatives. 

Quarterly  report,  April  1  -June  30, 1 995. 
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320106,  EDB/320302. 

Numerous  fluids  and  fluid  mixtures  have  been  identi- 
fied as  promising  alternatives  to  the  HCFC  refrigerants, 
but,  for  many  of  them,  reliable  thermodynamic  data  do 
not  exist.  In  particular,  reliable  thermodynamic  prop- 
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erties  data  and  models  are  needed  to  predict  the  per- 
formance of  the  new  refrigerants  in  heating  and  cooling 
equipment  and  to  design  and  optimize  equipment  to 
be  reliable  and  energy  efficient.  The  objective  of  this 
project  is  to  measure,  with  high  accuracy,  selected 
thermodynamic  properties  data  for  two  pure  refrig- 
erants and  nine  refrigerant  blends;  these  data  will  be 
used  to  fit  equations  of  state  and  other  property  models 
which  can  be  used  in  equipment  design.  The  new  data 
will  fill  in  gaps  in  the  existing  data  and  resolve  problems 
and  differences  that  exist  in  and  between  existing  data 
sets.  Most  of  the  studied  fluids  and  blends  are  potential 
replacements  for  HCFC-22  and/or  R502;  in  addition, 
one  pure  fluid  and  one  blend  are  potential  replace- 
ments for  CFC-13  in  low  temperature  refrigeration  ap- 
plications. 
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Final  rept. 
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Refrigerants  in  Heat  Transfer  Equipment,  Atlanta,  GA., 
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sored by  Department  of  Energy,  Washington,  DC. 

Keywords:  'Refrigerants,  'Nucleate  boiling, 
'Environmental  chemical  substitutes,  'Air  pollution 
abatement,  Mixtures,  Performance  standards,  Lubri- 
cants, Freons,  Chlorohydrocarbons, 
Fluorohydrocarbons,  Benzenes,  Heat  measurement, 
Visual  inspection.  Reprints,  Methane/trichlorofluoro, 
Ethane/dichloro-trifluoro,  R11,  R123. 

Bubble  formation  during  horizontal  flow  boiling  of  tri- 
chloromethane  (R1 1),  1 ,1-dichloro-2,2,2- 
trifluoroethane  (R123)  and  two  R123/alkylbenzene  lu- 
bricant mixtures  was  investigated  both  visually  and 
calorimetrically.  Locally  measured  heat  transfer  coeffi- 
cients were  taken  simultaneously  with  high  speed  mo- 
tion picture  images  of  the  boiling  process.  The  addition 
of  a  small  amount  (0.55%)  of  alkylbenzene  to  R123  in- 
creases the  number  of  active  nucleation  sites  by  ap- 
proximately 5  sites/sq  cm  which  corresponds  to  a  12% 
to  50%  increase  in  the  site  density.  The  increase  in 
the  site  density  contributed  to  the  enhancement  of  the 
heat  transfer  coefficient  of  the  R1 23/0.55% 
alkylbenzene  mixture  over  that  of  the  pure  123.  Further 
increase  in  the  amount  of  alkylbenzene  to  the  R123 
reduces  the  number  of  active  sites  to  below  that  of  pure 
R123  to  approximately  the  value  for  that  of  R1 1 .  Con- 
sequently, the  0.55%  lubricant  mass  fraction  mixture 
exhibited  a  heat  transfer  coefficient  that  was  larger 
than  that  of  the  2%  lubricant  mass  fraction  mixture. 
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Role  of  Refrigerant  Mixtures  as  Alternatives  to 

CFCs. 

Final  rept. 

D.  A.  Didion,  and  D.  B.  Bivens.  1990,  13p. 

Pub.  in  International  Jnl.  of  Refrigeration  13,  n3  p163- 

175  May  90.  See  also  PB92-170836. 

Keywords:  'Refrigerants,  'Working  fluids, 
'Azeotropes,  Heat  transfer  fluids,  Cooling  systems, 
Refrigeration,  Solutions(Mixtures),  Air  pollution  abate- 
ment, Mixtures,  Reprints,  'Near-azeotropes, 
'Zeotropes. 

A  review  of  the  state-of-the-art  of  refrigerant  mixtures 
is  presented.  The  categories  of  azeotropes,  near- 
azeotropes  and  zeotropes  are  discussed  separately  as 
to  their  advantages  as  a  refrigerant  system  working 
fluid  and  as  to  their  requirements  for  adaptation.  It  may 
be  possible  to  find  azeotropes  and  near-zeotropes 
which  could  be  candidates  for  alternatives  for  existing 
systems  as  well  as  new  systems  with  little  or  no 
change  in  system  performance.  Zeotropes  are  not  ap- 
plicable for  existing  systems  but  offer  the  potential  for 
significant  performance  improvements  if  the  new  sys- 
tems are  redesigned  so  as  to  incorporate  the  zeotropic 
attributes  of  two  phase  flow  temperature  glide  and  vari- 
able composition.  Whereas,  the  azeotropes  and  near- 
azeotropes  development  are  likely  to  have  impact  on 
the  immediate  ozone  depletion  crisis,  the  development 
will  take  longer  but  will  be  necessary  for  the  green- 
house warming  crisis. 
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Refrigerant  22  is  shown  to  be,  like  many  other  HCFC 
refrigerants,  one  of  depletion  potential,  as  a  class, 
HCFC  refrigerants,  especially  R22,  are  part  of  the  in- 
terim solutions  for  the  substitution  of  CFC  refrigerants. 
Until  refrigerants  with  no  ozone  depletion  potential  are 
developed  and  equipment  designed  and  produced  in 
quantity  to  use  these  refrigerants,  the  HCFC  refrig- 
erants will  remain  an  important  and  vital  refrigerant 
class.  Except  in  a  few  applications,  other  factors  such 
as  global  warming  potential  and  efficiency,  toxicity, 
safety,  materials  compatibility,  and  commercial  avail- 
ability of  the  refrigerant  and  of  the  refrigerating  and  air 
conditioning  equipment  make  immediate  replacement 
of  R22  and  all  other  HCFC  refrigerants  impossible.  For 
some  applications  commitment  of  major  capital  invest- 
ments and  log  lead  times  for  design  and  production  of 
new  machinery  systems  using  existing  atmospherically 
benign  alternatives  are  needed.  Other  applications  re- 
quire research  for  new  refrigerants  without  ozone  de- 
pletion potential,  a  process  without  a  guarantee  of  suc- 
cess. The  immediate  replacement  of  R22  systems  is 
not  a  viable  choice. 
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The  shear  viscosities  of  saturated  and  compressed 
fluid  1 -chloro-1, 2,2,2-tetrafluoroethane  (R124)  and 
pentafluoroethane  (R125)  have  been  measured  with 
two  torsional  crystal  viscometers  at  temperatures  be- 
tween 120  and  420  K  and  at  pressures  up  to  50  MPa. 
At  small  molar  volumes,  the  fluidity  (reciprocal  viscos- 
ity) increases  linearly  with  molar  volume  at  fixed  tem- 
perature and  weakly  with  temperature  at  fixed  volume. 
We  have  described  this  behavior  with  simple  empirical 
equations  and  have  compared  the  data  of  Shankland 
and  of  Ripple  with  them.  The  data  of  Ripple  are  in  good 
agreement  with  our  data  for  both  fluids. 
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A  simulation  program,  CYCLE11,  which  is  useful  for 
the  preliminary  evaluation  of  the  performance  of  refrig- 


erants and  refrigerant  mixtures  in  the  vapor  compres- 
sion cycle  is  described.  The  program  simulates  a  theo- 
retical vapor-compression  cycle  and  departures  from 
the  theoretical  cycle  as  occur  in  a  heat  pump  and  in 
a  refrigerator.  The  cycles  are  prescribed  in  terms  of  the 
temperatures  of  the  external  heat  transfer  fluids  with 
the  heat  exchangers  generalized  by  their  average  ef- 
fective temperature  differences.  The  isenthalpic  ex- 
pansion process  is  assumed.  The  program  includes  a 
rudimentary  model  of  a  compressor  and  a  representa- 
tion of  the  suction  line  and  liquid  line  heat  exchange. 
Refrigerant  thermodynamic  properties  are  calculated 
using  the  Carnahan-Starling-DeSantes  equation-of- 
state.  Refrigerant  transport  properties  are  not  included 
in  the  simulations.  The  program  can  generate  merit  rat- 
ings of  refrigerants  for  which  limited  measurement  data 
are  available.  An  example  of  simulation  results 
stresses  the  need  for  careful  application  of  simplified 
models  and  consideration  for  the  involved  assump- 
tions. 
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New  correlations  for  the  thermodynamic  properties  of 
R134a  are  presented.  A  classical  equation  for  the 
molar  Helmholtz  energy  is  used  with  temperature  and 
density  as  the  independent  variables.  The  equation  is 
accurate  for  both  the  liquid  and  vapor  phases  at  pres- 
sures up  to  70  MPa,  and  for  a  temperature  range  from 
the  triple  point  to  450  K.  Temperatures  are  given  on 
the  new  International  Temperature  Scale  of  1990  (ITS 
90).  The  equation  was  developed  by  using  experi- 
mental data  for  pressure-volume-temperature  prop- 
erties, isochoric  heat  capacity,  second  virial  coeffi- 
cients, speed  of  sound  and  coexistence  properties. 
Comparisons  with  experimental  data  and  with  two 
other  equations  of  state  are  given.  Ancillary  equations 
representing  the  saturated  liquid  and  vapor  densities 
and  the  vapor  pressure  are  also  presented. 
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We  have  developed  a  predictive  corresponding  states 
model  for  the  viscosity  of  pure  refrigerants  and  refrig- 
erant mixtures.  The  model  uses  extended  correspond- 
ing states  with  R134a  (1,1,1,2-tetrafluoroethane)  as 
the  reference  fluid.  The  model  uses  equilibrium  shape 
factors  and  an  equivalent  substance  reducing  ratio 
(ESRR)  for  the  viscosity  which  involves  the  molecular 
mass.  The  'mass'  ESRR  is  found  using  viscosity  data 
along  the  saturation  boundary.  We  have  fit  these  mass 
ESRR's  to  a  general  form  involving  reduced  tempera- 
ture and  a  structural  factor.  In  addition,  we  have  deter- 
mined a  set  of  universal  coefficients  for  the  mass 
ESRR  that  can  be  used  to  predict  the  viscosity  of  any 
halocarbon  refrigerant  given  the  critical  parameters 
and  the  structural  parameter.  We  give  sample  results 
comparing  the  model  predictions  with  experimental 
data  for  pure  fluids  and  a  refrigerant  mixture. 
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We  use  an  extended  corresponding  states  model  to 
predict  the  thermal  conductivity  of  pure  halocarbon  re- 
frigerants and  refrigerant  mixtures.  The  model  uses 
R134a  (1,1,1,2-tetrafluoroethane)  as  the  reference 
fluid,  and  we  present  a  correlation,  including  critical  en- 
hancement, for  the  thermal  conductivity  of  R134a.  We 
give  sample  results  comparing  the  model  predictions 
with  experimental  data  for  pure  halocarbon  refrigerants 
and  refrigerant  mixtures;  typically,  the  uncertainty  of 
the  predictions  is  5-10  percent. 
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This  paper  presents  an  investigation  into  the  causes 
of  the  apparent  heat  transfer  degradation  associated 
with  horizontal-annular  flow  evaporation  of  refrigerant 
mixtures.  The  apparent  heat  transfer  degradation  is  the 
difference  between  the  measured  heat  transfer  coeffi- 
cient and  the  heat  transfer  coefficient  that  would  be  ob- 
tained from  a  linear  interpolation  of  the  single  compo- 
nent values.  The  degradation  is  apparent  since  the  lin- 
early interpolated  values  have  no  physical  basis.  For 
horizontal-annular  flow  evaporation,  most  of  the  heat 
transfer  degradation  is  a  consequence  of  the  use  of 
the  locally  uniform  equilibrium  temperature  in  the 
measurement  and  calculation  of  the  heat  transfer  coef- 
ficient. In  reality,  both  circumferential  and  radial  com- 
position gradients  can  exist  within  the  liquid  film  which 
cause  temperature  distributions  that  deviate  signifi- 
cantly from  a  uniform  saturation  temperature.  If  the  ac- 
tual liquid-vapor  interface  temperatures  (local  vapor 
temperatures)  were  used  in  the  calculation  of  the 
measured  heat  transfer  coefficient  for  the  impose  heat 
flux  condition,  most  of  the  apparent  degradation  would 
not  exist.  The  remainder  of  the  heat  transfer  degrada- 
tion is  due  to  nonlinear  mixture  property  effects.  Pre- 
viously published  measured  heat  transfer  coefficients 
for  three  mixtures  were  investigated. 
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As  part  of  a  comprehensive  program  to  develop  suit- 
able methods  of  chemical  analysis  for  alternative  re- 
frigerants and  their  products,  the  authors  have  com- 
piled a  database  of  spectral,  chromatographic,  and 
physical  property  data  that  can  aid  in  compound  identi- 
fication. As  a  small  part  of  this  effort,  they  have  meas- 
ured the  refractive  indices  of  a  number  of  such  fluids 
for  which  data  were  unavailable.  The  measurements 
were  performed  on  a  commercially  available,  digital 
Abbe  refractometer  that  was  modified  for  the  relatively 
low  temperature  measurements  (0  deg  C  to  20  deg  C) 
that  are  sometimes  required  with  these  samples. 
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The  paper  describes  a  resistance  thermometer  that 
permits  instantaneous  measurement  of  gas  tempera- 
tures with  the  use  of  a  4  micrometer  diameter  tungsten 
wire  mounted  on  heavier  wire  supports.  This  configura- 
tion provides  sufficient  strength  to  survive  oscillating 
flows  of  helium  gas  up  to  30  Hz  at  pressures  up  to  2.2 
MPa.  The  probes  are  small  enough  to  fit  perpendicular 
to  the  flow  in  3  mm  diameter  stainless  steel  tubes.  Cus- 
tom fittings  designed  to  support  the  resistance  ther- 
mometers introduce  very  little  void  volume  to  the  sys- 
tem. Response  time  of  the  probes  is  approximately  260 
microseconds,  which  permits  resolution  of  temperature 
oscillations  up  to  30  Hz  with  negligible  phase  shifts. 
A  very  nearly  linear  response  for  these  resistance  ther- 
mometers is  obtained  from  80  K  to  400  K.  Sensitivity 
of  these  thermometers  decreases  rapidly  below  about 
60  K.  Results  of  dynamic  temperature  measurements 
obtained  at  the  cold  end  of  a  pulse  tube  refrigerator 
will  be  shown. 
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This  report  provides  a  record  of  a  visual  measurement 
technique  for  the  analysis  of  the  bubbles  formed  by  nu- 
cleate flow  boiling.  The  purpose  of  measuring  these 
bubbles  is  to  extend  the  understanding  of  the  boiling 
process.  By  studying  the  behavior  of  these  vapor  bub- 
bles, a  better  understanding  of  the  physics  controlling 
boiling  heat  transfer  will  be  gained.  The  boiling  of  re- 
frigerants is  simultaneously  filmed  with  a  high  speed 
16mm  camera  while  heat  transfer  measurements  are 
taken.  These  tests  are  performed  over  a  range  of  heat 
fluxes  and  flow  velocities  in  order  to  study  the  effect 
of  these  conditions  on  the  bubble  dynamics.  The  analy- 
sis of  the  16mm  films  evolved  from  a  manual  to  a  com- 
puter assisted  system,  and  finally  to  a  digital  image 
analysis  system.  The  following  is  an  overview  of  the 
filming  apparatus  and  the  bubble  measurement 
schemes. 
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The  Thermophysics  Division  of  the  National  Institute 
of  Standards  and  Technology  has  long  been  involved 
in  providing  standard  reference  data  for  the 
thermophysical  properties  of  cryogenic  fluids.  Com- 
prehensive experimental  facilities  have  been  used  to 
provide  accurate  data  for  Pressure-Vapor-Tempera- 


ture (PVT)  relations,  heat  capacities,  sound  speeds, 
phase  equilibria,  and  transport  properties  for  a  large 
variety  of  well  characterized  cryogenic  fluid  systems. 
This  critically  evaluated  information  on  the 
thermophysical  properties  of  fluids  and  fluid  mixtures 
of  cryogenic  interest  is  used  for  custody  transfer  appli- 
cations and  for  efficient  design  and  operation  of  cryo- 
genic processes  in  the  chemical,  natural  gas,  aero- 
space, environmental,  refrigeration,  and  other  energy 
related  industries. 
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The  molar  heat  capacity  at  constant  volume  was  meas- 
ured by  applying  an  adiabatic  method.  Heat  capacities 
at  31 0  state  conditions  were  measured.  Measurements 
were  made  on  liquid  in  equilibrium  with  its  vapor,  and 
on  compressed  liquid  samples  of  1,1,1,2- 
tetrafluoroethane  (R134a),  at  temperatures  from  172 
to  343  K  with  pressures  as  high  as  35  MPa.  In  the 
course  of  these  measurements,  a  determination  of  the 
triple  point  temperature  (169.85  +  or  -  0.01  K)  was 
made.  For  the  high  purity  (0.9999  +)  sample,  results 
were  obtained  for  two-phase,  saturated  liquid  and  sin- 
gle phase  molar  heat  capacities  as  a  function  of  meas- 
ured temperature,  pressure  and  density.  The  maxi- 
mum probable  uncertainty  of  the  heat  capacity  values 
is  estimated  not  to  exceed  +  or  -  0.5%. 
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Measurements  of  vapor  pressures  were  made  for 
1,1,1,2-tetrafluoroethane  (R134a)  from  180  to  350  K 
by  using  a  static  cell.  Temperatures  were  measured 
with  a  platinum  resistance  thermometer  to  within  an  ac- 
curacy of  +  or  -  0.03  K.  Pressures  were  measured  with 
calibrated  oscillating  quartz-crystal  pressure  trans- 
ducers with  uncertainties  estimated  to  range  from  0.02 
to  1.8  kPa. 
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The  article  highlights  the  activities  of  Annex  18 
'Thermophysical  Properties  of  the  Environmentally 
Accpetalbe  Refrigerants',  which  was  established  in 
1990.  The  objectives  of  the  Annex  are  to  foster  coordi- 
nation and  cooperation  among  researchers  in  this  field 
and  to  determine  thermophysical  properties  leading  to 
internationally  accepted  formulations  for  the  leading  al- 
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ternative  refrigerants.  Tasks  in  support  of  these  goals 
have  included  surveys  of  research,  compilations  of 
data,  evaluations  of  equations  of  state,  and  the  prepa- 
ration of  properties  bulletins  for  HFC-134a  and  HCFC- 
123. 


03,267 

PB95-1 68951       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Boulder,  CO.  Thermophysics  Div. 
Development  of  a  Dual-Sinker  Densimeter  for  High- 
Accuracy  Fluid  P-V-T  Measurements. 
Final  rept. 

M.  O.  McLinden,  and  N.  V.  Frederick.  1993,  16p. 
Sponsored  by  Department  of  Energy,  Washington,  DC. 
Pub.  in  Proceedings  of  Symposium  on  Energy  Engi- 
neering Sciences  (11th),  Argonne,  IL,  May  3-5,  1993, 
p63-69  1994. 

Keywords:  'Refrigerants,  'Thermophysical  properties, 
'Fluorohydrocarbons,  'Environmental  chemical  sub- 
stitutes, Thermodynamic  properties,  Transport  prop- 
erties, Boiling  points,  Specific  heat,  Thermal  conductiv- 
ity, Equations  of  state,  Vapor  pressure,  Triple  point. 
Pressure,  Volume,  Temperature,  Alternatives,  Re- 
prints, 'Hydrofluorocarbons,  Phase  equilibria,  Sound 
speed  profile. 

The  status  and  available  data  for  several  of  the  leading 
'new'  or  alternative  refrigerants  are  summarized.  The 
data  considered  include  triple  point,  normal  boiling 
point,  and  critical  point  parameters;  the  temperature 
dependence  of  the  vapor  pressure,  ideal  gas  heat  ca- 
pacity, and  saturated  liquid  density.  Also  considered 
are  single  phase  Pressure-Vapor-Temperature  (p-V- 
T),  heat  capacity,  sound  speed,  viscosity,  and  thermal 
conductivity  data.  The  fluids  of  interest 'are  the  HFCs 
23,  32, 125,  134a,  134, 143a,  and  152a. 
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In  these  days  of  transition  to  new,  more  environ- 
mentally friendly  working  fluids,  there  is  a  definite  need 
for  good  data  and  models  of  basic  thermodynamic  and 
transport  properties  of  both  pure  compounds  and  mix- 
tures to  be  used  for  cycle  calculations  and  equipment 
redesign.  Two  annexes  of  the  IEA  Program  on  Ad- 
vanced Heat  Pumps  have  dealt  with  such  data,  namely 
Annex  Xlll-State  and  Transport  Properties  of  High 
Temperature  Working  Fluids  and  Nonazeotropic  Mix- 
tures and  Annex  XVIII-Thermophysical  Properties  of 
the  Environmentally  Acceptable  Refrigerants.  In  this 
paper,  highlights  of  these  two  annexes  are  presented. 
A  sensitivity  analysis  (from  Annex  XIII)  gives  an  esti- 
mate of  how  accurately  these  basic  data  need  to  be 
known  to  reach  a  certain  accuracy  in  heat  pump  coeffi- 
cient of  performance  (COP)  and  heating  or  cooling  ca- 
pacity calculations.  This  analysis  points  out  the  impor- 
tance of  measured  property  data.  Other  projects  to  be 
highlighted  are  a  comparison  of  equations  of  state  with 
experimental  density,  vapor  pressure,  and  heat  capac- 
ity data  for  mixtures  (XIII),  a  survey  of  current  research 
on  the  properties  of  the  'new'  refrigerants  (XVIII),  and 
an  evaluation  of  equations  of  state  for  R1 34a  and  R1 23 
which  will  lead  to  an  international  bulletin  for  the  prop- 
erties of  these  two  alternative  refrigerants  (XVIII). 
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Measurements  of  fluid  thermal  properties  using  the 
transient  hot-wire  technique  are  described.  When  bare 
hot  wires  are  used  in  electrically  conducting  fluids, 
there  are  additional  measurement  uncertainties  due  to 
the  formation  of  electric  double  layers  on  the  surfaces 
of  the  wires  and  the  cell  wall.  If  the  electrical  conductiv- 
ity of  the  fluid  is  large  enough,  there  is  also  significant 
power  generation  in  the  fluid.  These  measurement  un- 
certainties can  be  eliminated  by  electrically  insulating 
the  hot  wires  with  a  thin  film.  The  use  of  tantalum  hot 
wires  with  an  anodized  layer  of  tantalum  pentoxide  is 
demonstrated  with  measurements  on  nonpolar  argon 
and  polar  1,1,1,2-tetrafluoroethane  (R134a).  Although 
coated  tantalum  hot  wires  have  been  used  previously 
in  a  transient  mode  to  measure  the  thermal  conductiv- 
ity of  liquids,  this  work  is  the  first  demonstration  of  the 
use  of  coated  wires  to  measure  thermal  conductivity 
in  the  liquid,  vapor,  and  supercritical  gas  phases. 
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The  report  presents  new  measurements  of  the  vapor 
pressures  of  dibluoromethane  (R32)  from  235  to  265 
K,  of  1 -chloro-1 ,2, 2, 2-tetrafluoroethane  (R124)  from 
220  to  286  K,  and  of  pentafluoroethane  (R125)  from 
218  to  286  K.  Overall,  pressures  ranged  from  13  to 
about  950  kPa.  The  report  also  presents  vapor  pres- 
sures of  R125,  calculated  via  thermodynamic  relation- 
ships, for  temperatures  down  to  170  K  (2.3  kPa).  The 
report  also  discusses  the  azeotropic  mixture  of  R125 
with  chloropentafluoroethane  (R115),  and  the  authors 
correct  their  data  for  a  small  R1 1 5  impurity. 
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The  authors  present  new  data  for  the  vapor  pressure 
and  Pressure-Vapor-Temperature  (PVT)  surface  of  1- 
chloro-1, 2, 2, 2-tetrafluoroethane  (designated  R124  by 
the  refrigeration  industry)  in  the  temperature  range 
278-423  K.  The  PVT  data  are  for  the  gas  phase  at  den- 
sities up  to  1.5  times  the  critical  density.  Correlating 
equations  are  given  for  the  vapor  pressures  from  220 
K  to  the  critical  temperature,  395.43  K,  and  for  the  PVT 
surface  at  densities  up  to  approximately  0.5  times  the 
critical  density.  Second  and  third  virial  coefficients 
have  been  derived  from  the  PVT  measurements. 
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The  retention  characteristics  of  eight  methane-based 
chlorofluorocarbon  and  fluorocarbon  fluids  have  been 
studied  as  a  function  of  temperature  on  a  stationary 
phase  consisting  of  a  5%  (w/w)  coating  of  a  low-molec- 
ular-mass polymer  of  hexafluoropropylene  epoxide  on 
a  graphitized  carbon  black.  The  fluids  that  were  studied 
include  chlorotrifluoromethane  (R-13), 

tetrafluoromethane  (R-14),  dischlorofluoromethane  (R- 
21),  chlorodifluoromethane  (R-22),  trifluoromethane 
(R-23),  difluoromethane  (R-32),  chloromethane  (R-40), 
and  fluoromethane  (R-41).  Qualitative  features  of  the 
data  are  examined,  and  trends  are  identified.  In  addi- 
tion, the  data  were  fit  to  linear  models  for  the  purpose 
of  predicting  retention  behavior  of  these  compounds  to 
facilitate  chromatographic  analysis. 
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The  shear  viscosity  coefficients  of  saturated  and  com- 
pressed liquid  1,1,1,2-tetrafluoroethane  (R134a),  2,2- 
dichloro-1,1,1-trifluoroethane  (R123)  and  1,1-dichloro- 
1 -fluoroethane  (R141b)  have  been  measured  with  a 
torsional  crystal  viscometer  at  temperatures  between 
170  and  320  K  and  at  pressures  up  to  30  MPa.  The 
fluidities  (reciprocal  viscosity)  increase  linearly  with 
molar  volume  at  fixed  temperature  and  increase  weak- 
ly with  temperature  at  fixed  volume.  We  have  cor- 
related our  data  using  empirical  fluidity-volume-tem- 
perature equations  and  have  compared  the  data  of  oth- 
ers with  the  equations. 
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Experimental  measurement  for  the  vapor  pressures 
and  coexisting  densities  are  presented  for  the  refrig- 
erants R-32  (difluoromethane  )  and  R-152a  (1,1- 
difluoroethane)  from  300  K  to  near  their  respective  criti- 
cal points.  In  addition,  the  coexisting  density  measure- 
ments have  been  analyzed  to  determine  an  internally 
consistent  critical  density  using  the  critical  liquid  vol- 
ume fraction  method.  Experimental  results  have  been 
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correlated  and  are  in  good  agreement  with  existing  lit- 
erature values  for  each  compound. 
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The  authors  have  developed  a  predictive  correspond- 
ing states  model  for  the  thermophysical  properties  of 
pure  refrigerants  and  refrigerant  mixtures.  The  bulk 
phase  properties  such  as  the  density,  enthalpy  and  en- 
tropy are  predicted  using  the  principle  of  extended  cor- 
responding states,  incorporating  a  recent  32-term 
modified  Benedict-Webb-Rubin  correlation  for  the 
R134a  (1,1,1,2-tetrafluoroethane)  reference  fluid.  In 
the  work  the  authors  present  the  coefficients  for  den- 
sity-independent shape-factor  correlations  for  21  re- 
frigerants, and  a  set  of  universal  coefficients  that  can 
be  used  with  any  refrigerant  given  only  the  critical  pa- 
rameters and  the  acentric  factor.  The  authors  show 
comparisons  with  experimental  density  data  for  each 
of  the  21  refrigerants.  They  also  demonstrate  the  use 
of  generalized  coefficients  for  shape  factors  where  only 
the  critical  parameters  and  acentric  factors  are  known. 
In  addition,  they  present  comparisons  of  the  volume 
prediction  for  two  binary  refrigerant  mixtures  and  one 
ternary  refrigerant  mixture. 
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We  adapt  existing  models  for  estimating  the  second 
and  third  virial  coefficients  of  small  molecules  to  the 
halogenated  methanes  and  ethanes.  We  compare  the 
results  with  the  abundant  new,  high-quality  PVT  data 
resulting  from  the  search  for  alternative  refrigerants. 
The  present  model  provides  an  accurate  method  for 
calculating  densities,  and  therefore  it  should  provide 
reliable  thermodynamic  properties  and  fugacity  coeffi- 
cients. We  give  equations  and  parameters  useful  for 
estimating  the  properties  of  pure  refrigerants  and  their 
mixtures  when  no  PVT  data  are  available. 
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This  report  documents  the  development  of  knowledge 
(1)  to  differentiate  among  chemicals,  leading  to  selec- 
tions of  the  optimal  currently  available  options  for  in- 
flight fire  suppression,  and  (2)  to  assist  in  the  develop- 
ment of  engineering  design  criteria  and  suppression 
system  certification. 
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This  report  documents  the  development  of  knowledge 
(1)  to  differentiate  among  chemicals,  leading  to  selec- 
tions of  the  optimal  currently  available  options  for  in- 
flight fire  suppression,  and  (2)  to  assist  in  the  develop- 
ment of  engineering  design  criteria  and  suppression 
system  certification. 
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The  properties  of  nine  halogenated  hydrocarbons  are 
collected  from  a  variety  of  sources,  including 
unpublished  data,  evaluated  and  correlated.  Consid- 
ered are  the  triple  point,  normal  boiling  point,  and  criti- 
cal point  parameters  and  the  temperature  dependence 
of  the  vapor  pressure,  saturated  liquid  density,  solu- 
bility in  water  and  hydrolysis  rates.  The  fluids,  which 
are  potential  alternatives  to  the  fully-halogenated 
chlorofluorocarbons,  are  R125,  R22,  R134a,  R152a, 
R124,  R142b,  R123  and  R141b;  also  included  is  the 
solvent  menthyl  choroform. 


03,280 

PB96-122114  (Order  as  PB96-1 17767,  PC  A08/ 
MF  A02) 

National  Inst,  of  Standards  and  Technology, 
Gaithersburg,  MD. 

Microform  Calibration  Uncertainties  of  Rockwell 
Diamond  Indenters. 

J.  F.  Song,  F.  F.  Rudder,  T.  V.  Vorburger,  and  J.  H. 
Smith.  1995,  19p. 

Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v100  n5  p543-561  Sep/ 
Oct  95. 

Keywords:  'Rockwell  hardness,  'Calibration  stand- 
ards, Reprints,  Metals,  Data  covariances,  Diamond 
pyramid  hardness  tests,  Geometry,  Mechanical  tests, 
NIST(National  Institute  of  Standards  and  Technology). 

National  and  international  comparisons  in  Rockwell 
hardness  tests  show  significant  differences.  Uncertain- 
ties in  the  geometry  of  the  Rockwell  diamond  indenters 
are  largely  responsible  for  these  differences.  By  using 
a  stylus  instrument,  with  a  series  of  calibration  and 
check  standards,  and  calibration  and  uncertainty  cal- 


culation procedures,  we  have  calibrated  the  microform 
geometric  parameters  of  Rockwell  diamond  indenters. 
These  calibrations  are  traceable  to  fundamental  stand- 
ards. Under  ISO  and  NIST  guidelines  for  expressing 
measurement  uncertainties,  the  calibration  and  uncer- 
tainty calculation  procedures,  error  sources,  and  un- 
certainty components  are  described,  and  the  ex- 
panded uncertainties  are  calculated. 
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Bubble  pressures  were  measured  for  15  binary  mix- 
tures, each  composed  mainly  of  one  flammable  and 
one  non-flammable  component.  The  mixtures  were 
trichlorofluoromethane  +  isopentane, 

pentafluoroethane  +  1,1,1-trifluoroethane,  1,1- 
dichloro-2,2,2-trifluoroethane  +  (1,1  -dichloro-1  - 
fluoroethane  or  isopentane),  1,1,1,2-tetrafluoroethane 
+  (1 ,1-difluoroethane  or  propane  or  cyclopropane  or 
isobutane),  difluoromethane  +  (pentafluoroethane  or 
1,1,1,2-tetrafluoroethane  or  1,1-difluoroethane).  Also 
studied  were  mixtures  of  1,1-difluoroethane  + 
(cyclopropane  or  propane  or  butane  or  isobutane), 
which  comprise  two  flammable  components.  The  bub- 
ble pressures  were  used  to  determine  interaction  coef- 
ficients that  characterize  the  non-ideal  behavior  of 
these  fluid  mixtures.  The  interaction  coefficients  are 
used  in  equation-of-state  models  for  the  thermo- 
dynamic properties  of  refrigerant  mixtures. 
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A  comprehensive  experimental  program  is  described 
in  which  eleven  gaseous  agents  and  sodium  bicarbon- 
ate powder  have  been  screened,  so  that  the  best  three 
candidates  for  subsequent  full  scale  air  craft  fire  extin- 
guishment evaluation  can  be  identified.  Because  the 
effectiveness  of  a  fire  supression  agent  is  known  to  be 
related  to  its  thermodynamic  properties,  its  behavior 
during  two-phase  flow,  its  interaction  with  flame  chem- 
istry, the  timing  of  its  release  and  the  nature  of  the  fire, 
a  series  of  carefully  designed  experiments  was  con- 
ducted to  examine  each  of  these  factors. 
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Flame  propagation,  Halons,  Atomization,  Reprints, 
Hydrochlorofluorocarbons. 

The  work  discussed  in  this  paper  is  part  of  a  large  effort 
at  NIST  focused  on  finding  an  alternative  to  halon  1 301 
for  application  to  aircraft  engine  nacelle  and  dry  bay 
in-flight  fire  protection.  Alternative  chemical  com- 
pounds are  sought  which  will  perform  similarly  to  halon 
1301,  and  which  do  not  create  unacceptable  safety, 
environmental,  or  systems  compatibility  problems.  A 
cup  burner,  an  opposed  flow  diffusion  flame,  a  turbu- 
lent spray  flame,  and  a  deflagration/detonation  tube 
are  used  to  rank  the  relative  combustion  suppression 
effectiveness. 
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The  retention  Characteristics  of  25  propane-based 
bromofluorocarbon,  chlorocarbon,  chlorofluorocarbon, 
and  fluorocarbon  fluids  have  been  studied  as  a  func- 
tion of  temperature  on  a  stationary  phase  consisting 
of  a  5%  (m/m)  coating  of  a  low-molecular-mass  poly- 
mer of  hexafluoropropylene  epoxide  on  a  graphitized 
carbon  black  adsorbent.  Measurements  were  per- 
formed at  0,  20,  40  and  60  degrees  C  for  R-245ca  and 
R-245cb.  Measurements  were  performed  at  40,  60,  80, 
and  100  degress  C  for  R-227ca,  R-227ea,  R-236ea, 
R-236fa,  R-245fa,  and  R-263fb.  Measurements  were 
performed  at  40,  60,  80  and  100  degrees  C  for  R- 
217ba,  R-254cb  and  R-1243b,  and  at  60,  80,  100  and 
120  degrees  C  for  R-280da  and  R-217caB1.  Measure- 
ments were  performed  at  80,  100,  120,  and  140  de- 
grees C  for  R-215aa,  R-216ba,  R253fb,  R-262da,  and 
R-270aa.  Measurements  were  performed  at  100,  120, 
140  and  160  degrees  C  for  R-215ba,  R-225ca,  R- 
225cb,  R-243db,  R-270da,  R-270fa,  and  R-270fa,  and 
R-270fb.  Relative  retentions  as  a  function  of  tempera- 
ture were  calculated  with  respect  to  the  retentions  of 
tetrafluoromethane  (R-14)  and  hexafluoroethane  (R- 
116).  Qualitative  features  of  the  data  are  examined, 
and  trends  are  identified.  In  addition,  the  relative  reten- 
tion data  were  fitted  to  linear  models  for  the  purpose 
of  predicting  retention  behavior  of  these  compounds  to 
facilitate  chromatographic  analysis. 
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Halons  had  been  the  agents  of  choice  for  numerous 
fire  protection  applications  because  of  their  inherent 
ability  to  inhibit  flames  at  low  concentrations  with  no 
residue  while  exhibiting  a  number  of  additional  strongly 
positive  attributes.  To  avoid  costly  mistakes  in  choos- 
ing replacements  for  aircraft  applications,  research  has 
been  conducted  to  determine  the  performance  of  dif- 
ferent agents  in  extinguishing  aircraft-type  fires.  This 
paper  describes  the  major  elements  of  the  overall  pro- 
gram and  the  rationale  of  how  an  alternative  to  halon 
1 301  was  chosen  for  aircraft  applications. 
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The  retention  characteristics  of  1 1  ethene-based 
chlorofluorocarbon,  bromochlorofluorocarbon  and  fluo- 
rocarbon fluids  have  been  studied  as  a  function  of  tem- 
perature on  a  stationary  phase  consisting  of  a  5%  (m/ 
m)  coating  of  a  low-molecular-mass  polymer  of 
hexafluoropropylene  epoxide  on  a  graphitized  carbon 
black  absorbent.  Measurements  were  performed  at 
-20,  0,  20  and  40  deg  C  for  trifluoroethene  (R-1123), 
1.1-difluoroethene(R1132a),  and  fluoroethene  (R- 
1112a),  chlorotrifluoroethene  (R-113),  2-chloro-1 ,1- 
difluoroethene  (R-1122),  1-chloro-1  -fluoroethene 
(R1121a),  2-bromo-1,1-difluoroethene  (R-1122B1) 
and  bromoethene  (Vinly  bromide,  R-1140B1).  Meas- 
urements were  performed  at  60,  80,  100,  and  120  deg 
C  fortrans-1,2-dichloro-  1,2-difluoroethene  (R1112t) 
and  cis-1 ,2-dichloro- 1 ,2-difluoroethene  (R-1 1 1 2c).  Net 
retention  volumes,  corrected  to  a  column  temperature 
of  0  deg  C,  were  calculated  from  retention  time  meas- 
urements, the  logarithms  of  which  were  fitted 
againstreciprocal  thermodynamic  temperature. 
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A  primary  objective  of  the  work  has  been  to  determine 
the  relative  suppression  efficiencies  of  different  agents 
under  highly  dynamic  situations,  without  the  undue  in- 
fluence of  either  the  ignition  event  or  the  mixing  of  the 
agent  into  the  flame  front.  This  was  accomplished  by 
generating  a  highly  turbulent  flame/quasi  detonation  in 
the  driver  section,  which  contain  no  suppressant,  fol- 
lowed by  measurements  of  the  velocity  and  pressure 
ratio  as  the  wave  front  entered  the  test  section  of  the 
tube,  which  contained  suppressant  premixed  with  the 
same  fuel/air  combination.  The  experimental  facility 
was  successfully  employed  to  clearly  discriminate 
among  the  dynamic  characteristics  of  the  five  com- 
pounds, revealing  behavior  distinct  from  what  was  ob- 
served in  companion  studies  using  atmospheric 
nonpremixed  flames.  The  suppression  process  is 
strongly  influenced  by  the  concentration  of  an  agent, 
the  structure  and  composition  of  a  agent  molecule,  and 
the  composition  of  the  combustible  mixture  itself. 
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C3F8  is  shown  to  require  the  least  storage  volume 
among  twelve  fluorocarbons  for  suppressing  a  quasi- 
detonation.  CF3I  performs  the  best  of  the  gaseous 
suppressants  evaluated  in  a  spray  burner.  Two  experi- 
mental facilities  are  describes  as  part  of  an  effort  to 
identify  suitable  replacements  for  CF3Br  is  aircraft  ap- 
plications. A  turbulent  spray  burner  simulates  the  haz- 
ards associated  with  a  ruptured  fuel  line  in  an  engine 
nacelle  or  dry  bay.  A  deflagration/detonation  tube  eval- 
uates the  ability  of  a  gaseous  agent  to  attenuate  the 
pressure  build-up  and  Mach  number  of  a  quasi-detona- 
tion. 
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Atomic  equivalent  (AEQ),  BAC-MP4,  G2(MP2),  G2, 
CBS-4,  CBS-Q,  and  CBS-QCI/APNO  molecular  orbital 
calculations  were  used  to  calculate  enthalpies  of  for- 
mation in  the  series  of  fluoromethanes,  CH(sub 
x)F(sub(4-x)),x  =  0-4.  Enthalpies  of  formation  cal- 
culated with  the  G2(MP2)  and  G2  procedures  exhibited 
systematic  deviations  from  experiment  which  were  lin- 
early dependent  upon  the  number  of  C-F  bonds  in  the 
molecule.  This  technique  had  no  significant  effect  on 
the  quality  of  results  from  the  AEQ,  BAC-MP4,  and 
CBS-4  methods. 
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Live-fire  full-scale  testing  has  been  conducted  at 
Wright-Patterson  Air  Force  Base  to  identify  an  agent 
to  replace  CF3  Br  (halon  1301)  for  suppressing  fires 
in  military  aircraft  dry  bays.  High  pressures  motivated 
the  current  study  to  determine  the  initial  conditions 
which  would  lead  to  dangerous  situations,  and  to  ex- 
plore a  less  extreme  regime  more  representative  of  a 
realistic  threat.  Based  upon  over  a  hundred  experi- 
ments with  modified  facility,  it  was  possible  to  recon- 
firm the  conclusion  that  FC-21 8  provides  the  most  con- 
sistent performance  over  the  widest  range  of  fuel/air 
mixtures  and  tube  geometries.  The  CF3I  has  the  great- 
est positive  impact  at  low  partial  pressure  fractions,  but 
exhibits  non-monotonic  behavior  of  flame  speed  and 
shock  pressure  ratio  at  increasing  concentrations.  The 
dangerously  high  over-pressures  previously  exhibited 
by  HFC-125  were  not  observed  during  suppression 
under  more  moderate  (and  realistic)  combustion  condi- 
tions. 
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Keywords:  "Fire  suppression,  "Halogenated  hydro- 
carbons, "Metals,  "Surfaces,  Fire  extinguishing  agents, 
Halons,  Performance  evaluation,  Flames,  Tempera- 
ture, Combustion  kinetics,  Heat  flow,  Heat  trans- 
mission, Thermal  radiation,  Thermodynamic  prop- 
erties, Fire  fighting,  Radiant  heat  flow,  Reprints. 

The  objective  of  this  work  is  to  investigate  the  effective- 
ness of  various  agents  in  suppressing  flame  ignition. 
Experiments  were  conducted  to  determine  the  amount 
of  agent  needed  to  suppress  the  ignition  of  a  gaseous 
propane  flow  over  a  heated  metal  disk.  The  metal  sur- 
face was  heated  by  a  regulated  power  supply  which 
provided  up  to  200  W.  With  the  fuel  and  oxidizer  flow- 
ing, flame  ignition  occurred  in  a  repeatable  fashion  by 
increasing  the  power  through  the  metal  disk.  Various 
amounts  of  agent  were  added  to  the  air  flow  and  the 
temperature  of  the  heated  metal  disk  was  measured 
at  flame  ignition  using  an  optical  pyrometer.  The  effec- 
tiveness of  N2,  HFC-125,  HFC-227  and  CF3I  were 
compared  in  suppressing  the  ignition  event. 
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Conditions  from  262  K  to  353  K. 
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Viscosities  are  reported  for  two  fluorinated  propane 
isomers  in  the  saturated-liquid  state  at  temperatures 
from  262  K  to  353  K.  The  compounds  are  1,1,1,2,3,3- 
hexafluoropropane  (R236ea)  and  1,1,1,3,3,3- 
hexafluoropropane  (R236fa).  The  measurements  were 
performed  in  a  capillary  viscometer  designed  for  fluids 
with  vapor  pressures  above  ambient.  A  free-volume 
model  was  used  to  correlate  the  experimental  results, 
and  they  were  also  compared  with  predictions  from  an 
extended  corresponding  states  model. 
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The  properties  of  refrigerants  that  may  serve  as  re- 
placements to  the  chlorofluorocarbons  (CFCs)  are 
considered.  The  characteristics  required  of  a  refrig- 
erant are  reviewed,  and  the  data  needed  to  evaluate 
possible  alternative  refrigerants  are  summarized. 
These  data  include  thermophysical  properties,  toxicity 
and  flammability  data,  materials  compatibility  informa- 
tion, and  parameters  characterizing  environmental 
consequences.  The  available  data  for  45  potential  re- 
placement refrigerants  are  summarized. 
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substitution,  Enviroinmental  chemical  substitutes, 
Ethanes,  Vapor  pressure,  Critical  temperature,  Spe- 
cific heat,  Density(MassA/olume),  Standardization,  Re- 
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A  modified  Benedict-Webb-Rubin  (MBWR)  equation  of 
state  has  been  developed  for  Refrigerant  123  (2,2- 
dichloro-  1,1,1-trifluoroethane)  basedon  recently 
measured  thermodynamic  property  data  and  data 
available  fromthe  literature.  Single-phase  pressure- 
volume-temperature  (PVT),  heat  capacity,  and  sound 
speed  data,  as  well  as  second  virial,  vapor  pressure, 
and  saturated  liquid  and  saturated  vapor  density  data, 
were  used  with  multiproperty  linear  least  squares  fitting 
techniques  to  fit  the  32  adjustable  coefficients  of  the 
MBWR  equation.  Coefficients  for  the  equation  of  state 
and  for  ancillary  equations  representing  the 
vaporpressure,  saturated  liquid  and  saturated  vapor 
densities,  and  ideal  gas  heat  capacity  are  given. 
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Welds  were  made  with  a  1.2-mm-diameter  AWS 
ER100S-1  electrode  using  Ar-2%  02  shielding  gas  to 
map  the  effects  of  contact-tube-to-work  distance  (13, 
19  and  25  mm),  current,  voltage,  and  wire  feed  rate 
on  metal  transfer.  The  droplet  transfer  modes  were 
identified  for  each  map  by  both  the  sound  of  the  arc 
and  images  from  a  laser  back-lit  high-speed  video  sys- 
tem. The  modes  were  correlated  to  digital  records  of 
the  voltage  and  current  fluctuations.  The  maps  contain 
detailed  information  on  the  spray  transfer  mode,  in- 
cluding the  boundaries  of  drop  spray  modes.  The  metal 
transfer  mode  boundaries  shifted  with  an  increase  in 
contact-tube-to-work  distance. 
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The  voltage  and  power  distributions  in  gas  metal  arc 
welding  (GMAW)  were  studied  both  experimentally 
and  numerically.  The  principal  voltage  drop  takes  place 
in  the  arc,  which  also  constitutes  the  dominant  power 
contribution.  Within  the  arc,  the  dominating  voltage 
contributions  are  from  the  arc  column  and  the  cathode 
fall,  while  the  anode  fall  and  the  electrode  regions  are 
less  significant.  The  power  input  to  the  arc  column  in- 
creases with  both  increasing  current  and  increasing 
arc  length.  These  results  indicate  that  it  is  critical  to 
control  the  arc  length  in  order  to  control  the  power  input 
to  the  system. 
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An  arc  light  intensity  sensor,  in  conjunction  with  voltage 
and  current  sensors,  was  evaluated  to  detect  droplet 
detachment  and  electrode  extension  under  spray 
transfer  welding  conditions.  Arc  length,  electrode  ex- 
tension and  droplet  transfer  frequency  were  obtained 
from  high-speed  video  images  of  the  process  and  cor- 
related to  arc  current  and  arc  light  intensity  measure- 
ments. The  arc  light  intensity  sensor  was  able  to  detect 
droplet  frequency  from  variations  in  arc  light  intensity 
caused  by  changes  in  arc  length  due  to  droplet  detach- 
ment. Arc  length  could  be  estimated  using  this  regres- 
sion within  1  mm  with  current  ranging  from  180  to  300 
A  and  arc  length  ranging  from  4  to  1 2  mm. 
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The  absorption  cross  sections  for  HCFC-123 
(CF3CHCI2)  and  HCFC-142b  (CH3CF2CI)  have  been 
measured  in  the  gas  and  liquid  phases  over  the  tem- 
perature range  of  about  220-330  K.  The  liquid  phase 
results  were  converted  into  effective  gas  phase  cross 
sections  using  a  wavelength  shift  procedure,  thereby 
extending  the  gas  phase  cross  sections  to  longer 
wavelengths.  The  results  are  compared  with  other 
available  data  and  lend  increased  confidence  in  atmos- 
pheric lifetime  calculations  for  these  important  indus- 
trial alternatives  to  the  fully  halogenated 
chlorofluorocarbons. 
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The  authors  report  the  thermodynamic  properties  of 
1,1,1,2,3,3-Hexafluoropropane  (known  in  the  refrigera- 
tion industry  as  HFC-236ea)  in  the  temperature  and 
pressure  region  commonly  encountered  in  thermal  ma- 
chinery. The  properties  are  based  on  measurements 
of  the  vapor  pressure,  the  density  of  the  compressed 
liquid  (PVT),  the  refractive  index  of  the  saturated  liquid 
and  vapor,  the  critical  temperature,  the  speed  of  sound 
in  the  vapor  phase,  and  the  capillary  rise.  From  these 
data,  the  authors  deduce  the  ideal-gas  heat-capacity, 
the  saturated  liquid  and  vapor  densities,  the  equation 
of  state  of  the  vapor  phase,  the  surface  tension,  and 
estimates  of  the  critical  pressure  and  density.  The  data 
determine  the  coefficients  for  a  Carnahan-Starlings- 
DeSantis  (CSD)  equation  of  state. 
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Thermodynamic  Properties  of  CHF2-CF2-CHF, 
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The  authors  report  the  thermodynamic  properties  of 
1,1,2,3,3-pentafluoropropane  (known  in  the  refrigera- 
tion industry  as  HFC-245ea)  in  the  temperature  and 
pressure  region  commonly  encountered  in  thermal  ma- 
chinery. The  properties  are  based  on  measurements 
of  the  vapor  pressure,  the  density  of  the  compressed 
liquid,  the  refractive  index  of  the  saturated  liquid  and 
vapor,  the  critical  temperature,  the  speed  of  sound  in 
the  vapor  phase,  and  the  capillary  rise.  From  these 
data,  the  authors  deduce  the  ideal-gas  heat-capacity, 
the  saturated  liquid  and  vapor  densities,  the  equation 
of  state  of  the  vapor  phase,  the  surface  tension,  and 
estimates  of  the  critical  pressure  and  density.  The  data 
determine  the  coefficients  for  a  Carnahan-Starlings- 
DeSantis  (CSD)  equation  of  state. 
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The  introduction  of  a  new  chemical  species  into  the  en- 
vironment raises  the  question  of  the  ultimate  fate  of 
that  compound.  In  most  cases,  any  compound  which 
is  introduced  into  the  environment  can  undergo  various 
transformations,  physical  and  chemical.  Of  consider- 
able importance  is  accumulation  in  the  biosphere, 
which  can  take  place  when  the  chemical  is  lipid  solu- 
ble. In  this  case,  the  concentration  of  the  substance 
through  the  food  chain  becomes  important.  In  concert 
with  these  physical  transformations  are  chemical  trans- 
formations such  as  oxidation,  photolysis,  hydrolysis, 
and  complexation.  It  is  important  to  understand  both 
the  rates  and  the  mechanisms  of  these  transformations 
in  order  to  evaluate  the  environmental  impact  of  a 
chemical  species  which  may  be  introduced  into  the  en- 
vironment. 
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Partial  contents:  Formation  of  the  Al-Mn  icosahedral 
phase  by  electrodeposition;  The  electrodeposition  of 
an  Aluminum-Manganese  metallic  glass  from  molten 
salts;  Phase  formation  in  electrodeposited  and  ther- 
mally annealed  Al-Mn  alloys;  Structural  study  of 
electrodeposited  Aluminum-Manganese  alloys;  Pat- 
ents: Metal-coated  fiber  compositions  containing  alloys 
barrier  layer;  Cooperative  research  and  development 
agreement,  jg  (abstract  is  modified  and  taken  from 
document  titles.). 
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A  series  of  fracture  tests  on  large-scale,  precracked, 
aluminum  alloy  panels  were  carried  out  to  examine  and 
characterize  the  process  by  which  cracks  propagate 
and  link  up  in  this  material.  Extended  grips  and  test 
fixtures  were  specially  designed  to  tension  load  the 
panel  specimens  in  a  1780-kN  capacity  universal  test- 
ing machine.  Single  sheets  of  bare  2024-T3  aluminum 
alloy,  approximately  4  m  high,  2.3  m  wide,  and  1  mm 
thick  were  fabricated  with  simulated  through  cracks  ori- 
ented horizontally  at  midheight.  Using  existing  informa- 
tion, a  test  matrix  was  set  up  to  explore  regions  of  fail- 
ure controlled  by  fracture  mechanics,  with  additional 
tests  near  the  boundary  between  plastic  collapse  and 
fracture.  In  addition,  a  variety  of  multiple  site  damage 
(MSD)  configurations  were  included  to  distinguish  be- 
tween various  proposed  linkage  mechanisms.  All  tests 
but  one  used  antibuckling  guides.  Three  specimens 
were  fabricated  with  a  single  central  crack,  six  others 
had  multiple  cracks  on  each  side  of  the  central  crack, 
and  one  had  a  single  crack  but  no  antibuckling  guides. 
The  results  of  each  fracture  event  were  recorded  on 
various  media:  film,  video,  computer,  magnetic  tape, 
and  occasionally  optical  microscope.  The  video 
showed  the  crack  tip  with  a  load  meter  in  the  field  of 
view,  using  motion  picture  film  for  one  tip  and  super 
VHS  video  tape  for  the  other.  The  computer  recorded 
the  output  of  the  testing  machine  load  cell,  the  stroke, 
and  the  twelve  strain  gages  at  1.5-second  intervals.  A 
wideband  FM  magnetic  tape  recorder  was  used  to 
record  data  from  the  same  sources.  The  data  were 
analyzed  by  two  different  procedures:  (1)  the  plastic 
zone  model  based  on  the  residual  strength  diagram 
and  (2)  the  R-curve. 
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Slow-strain-rate  tensile  tests  and  electrochemical  ex- 
periments were  performed  in  different  aqueous  solu- 
tions on  ductile  nickel  aluminide,  Nifsub  3)AI+B,  in 
order  to  evaluate  the  possibility  of  environmentally  in- 
duced fracture  of  this  material  in  neutral  pH  solutions 
as  a  result  of  hydrogen  absorption.  Two  different  proc- 
esses were  postulated  that  could  lead  to  hydrogen  ab- 
sorption and  embrittlement:  (1)  local  acidification  due 
to  hydrolysis  of  the  corrosion  reaction  products  and  (2) 
hydrogen  reduction  during  the  potential  transient  that 
accompanies  film  rupture  and  repair.  Experiments 
were  designed  to  evaluate  each  of  these  possibilities. 
First,  slow  strain  rate  tests  were  conducted  in  solutions 
with  varying  concentrations  of  metal  ions  and  pH  to  de- 
termine the  critical  metal  ion  concentration  and  pH  that 
result  in  hydrogen  absorption  and  embrittlement  of  this 
material.  Second,  the  potential  transient  that  follows 
the  mechanical  rupture  of  the  protective  surface  film 
in  different  solutions  was  measured  and  the  minimum 
potential  during  the  transient  was  compared  to  the  po- 
tential that  results  in  a  hydrogen  fugacity  large  enough 
to  cause  cracking.  The  results  indicate  that  hydrogen 
reduction,  absorption,  and  embrittlement  are  not  to  be 
expected  in  neutral  solutions  as  a  result  of  local  acidifi- 
cation during  crevice  corrosion  or  film  rupture  during 
crack  propagation  or  cyclic  loading. 
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The  electrochemical  behavior  of  ductile  nickel 
aluminide  has  been  examined  in  neutral  solutions. 
Features  observed  in  a  certain  potential  range  were 
characterized,  and  the  potentiodynamic  sweep  param- 
eters affecting  them  identified.  Nickel  aluminide  be- 
haves essentially  as  pure  nickel;  however,  small  dif- 
ferences were  observed. 
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The  mass  spectra  of  a  metal  alloy  sample  consisting 
of  Al,  Cu  and  Fe  were  studied  using  both  glow  dis- 
charge mass  spectrometry  (GDMS)  and  resonance 
ionization  mass  spectrometry  (RIMS).  Particular  em- 
phasis was  placed  on  the  reduction  of  isobaric  inter- 
ferences and  discrimination  between  those  ions 
formed  by  the  discharge  and  those  formed  by  the  laser 
radiation. 
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Rapid  (subsecond)  heating  techniques  developed  at 
the  National  Institute  of  Standards  and  Technology  for 
the  measurements  of  selected  thermophysical  and  re- 
lated properties  of  metals  and  alloys  at  high  tempera- 
tures (above  1000  C)  are  described.  The  techniques 
are  based  on  rapid  resistive  self-heating  of  the  speci- 
men from  room  temperature  to  the  desired  high  tem- 
perature in  short  times  and  measuring  the  relevant  ex- 
perimental quantities,  such  as  electrical  current 
through  the  specimen,  voltage  across  the  specimen, 
specimen  temperature,  length,  etc.,  with  appropriate 
time  resolution.  The  first  technique,  referred  to  as  the 
millisecond-resolution  technique,  is  for  measurements 
on  solid  metals  and  alloys  in  the  temperature  range 
1000  C  to  the  melting  temperature  of  the  specimen. 
It  utilizes  a  heavy  battery  bank  for  the  energy  source, 
and  the  total  heating  time  of  the  specimen  is  typically 
in  the  range  of  100-1000  ms.  Data  are  recorded 
digitally  every  0.5  ms  with  a  full-scale  resolution  of 
about  one  part  in  8000.  The  properties  that  can  be 
measured  with  this  system  are  as  follows:  specific 
heat,  enthalpy,  thermal  expansion,  electrical  resistivity, 
normal  spectral  emissivity,  hemispherical  total  emis- 
sivity,  temperature  and  energy  of  solid-solid  phase 
transformations,  and  melting  temperature  (solidus). 
The  second  technique,  referred  to  as  the  microsecond- 
resolution  technique,  is  for  measurements  on  liquid 
metals  and  alloys  in  the  temperature  range  1200  to 
6000  C.  It  utilizes  a  capacitor  bank  for  the  energy 
source,  and  the  total  heating  time  of  the  specimen  is 
typically  in  the  range  50-500  micro-s.  Data  are  re- 
corded digitally  every  0.5  micro-s  with  a  full-scale  reso- 
lution of  about  one  part  in  4000.  The  properties  that 
can  be  measured  with  this  system  are:  melting  tem- 
perature (solidus  and  liquidus),  heat  of  fusion,  specific 
heat,  enthalpy,  and  electrical  resistivity.  The  third  tech- 
nique is  for  measurements  of  the  surface  tension  of 
liquid  metals  and  alloys  at  their  melting  temperature. 
It  utilizes  a  modified  millisecond-resolution  heating  sys- 
tem designed  for  use  in  a  microgravity  environment. 
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For  growth  of  a  vicinal  face  at  constant  velocity,  the 
effect  of  anisotropic  interface  kinetics  on  morphological 
stability  is  calculated  for  a  binary  alloy.  The  depend- 
ence of  the  interface  kinetic  coefficient  on 
crystallographic  orientation  is  based  on  the  motion  and 
density  of  steps.  Anisotropic  kinetics  give  rise  to  travel- 
ing waves  along  the  crystal-melt  interface,  and  can 
lead  to  a  significant  enhancement  of  morphological 
stability.  The  stability  enhancement  increases  as  the 
orientation  approaches  a  singular  orientation  and  as 
the  solidification  velocity  increases.  Shear  flows  inter- 
act with  the  traveling  waves  and,  depending  on  the  di- 
rection of  the  flow,  may  either  stabilize  or  destabilize 
the  interface.  Specific  calculations  are  carried  out  for 
germanium-silicon  alloys. 
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A  series  of  fracture  tests  on  large-scale,  pre-cracked, 
aluminum  alloy  panels  is  being  carried  out  to  examine 
and  to  characterize  the  process  by  which  cracks  propa- 
gate and  link  up  in  this  material.  Extended  grips  and 
test  fixtures  were  specially  designed  to  enable  the 
panel  specimens  to  be  loaded  in  tension,  in  a  1780- 
kN-capacity  universal  testing  machine.  Twelve  panel 
specimens,  each  consisting  of  a  single  sheet  of  bare 
2024-T3  aluminum  alloy,  3988  mm  high,  2286  mm 
wide,  and  1.016  mm  thick  are  being  fabricated  with 
simulated  through-cracks  oriented  horizontally  at  mid- 
height.  Using  existing  information,  a  test  matrix  has 
been  set  up  that  explores  regions  of  failure  that  are 
controlled  by  fracture  mechanics,  with  additional  tests 
near  the  boundary  between  plastic  collapse  and  frac- 
ture. In  addition,  a  variety  of  multiple  site  damage 
(MSD)  configurations  have  been  included  to  distin- 
guish between  various  proposed  linkage  mechanisms. 
All  tests  but  one  use  anti-buckling  guides.  At  this  writ- 
ing seven  specimens  have  been  tested.  Three  were 
fabricated  with  a  single  central  crack,  three  others  had 
multiple  cracks  on  each  side  of  the  central  crack,  and 
one  had  a  single  crack  but  no  anti-buckling  guides. 
Each  fracture  event  was  recorded  on  film,  video,  com- 
puter, magnetic  tape,  and  occasionally  optical  micros- 
copy. The  visual  showed  the  crack  tip  with  a  load  meter 
in  the  field  of  view,  using  motion  picture  film  for  one 
tip  and  SVHS  video  tape  for  the  other.  The  computer 
recorded  the  output  of  the  testing  machine  load  cell, 
the  stroke,  and  twelve  strain  gages  at  1 .5  second  inter- 
vals. A  wideband  FM  magnetic  tape  recorder  was  used 
to  record  data  from  the  same  sources.  The  data  were 
analyzed  by  two  different  procedures:  (1)  the  plastic 
zone  model  based  on  the  residual  strength  diagram; 
and  (2)  the  R-curve.  The  first  three  tests  were  used 
to  determine  the  basic  material  properties,  and  these 
results  were  then  used  in  the  analysis  of  the  two  subse- 
quent tests  with  MSD  cracks.  There  is  good  agreement 
between  measured  values  and  results  obtained  from 
the  model. 


03,372 

PB94-1 58268       PC  A03/MF  A01 
National  Inst,  of  Standards  and  Technology  (CAML), 
Gaithersburg,  MD.  Applied  and  Computational  Mathe- 
matics Div. 

Boundary  Conforming  Grid  Generation  System  for 
Interface  Tracking. 

B.  V.  Saunders.  Feb  94,  22p,  NISTIR-5352. 

Keywords:  'Liquid-solid  interfaces, 

Mapping(Transformations),  Binary  alloys,  Tensor  prod- 
ucts, Spline  functions,  Coordinates,  Directional  solidi- 
fication, Grid  generation(Mathematics). 

The  development  of  an  algebraic  grid  generation  sys- 
tem that  tracks  a  solid-liquid  interface  during  directional 
solidification  of  a  binary  alloy  is  discussed.  A  single 
mapping,  constructed  with  tensor  product  B-splines,  is 
proposed  for  calculations  of  both  shallow  and  deep  so- 
lidification cells.  The  initial  spline  coefficients  for  the  co- 
ordinate mapping  are  modified  to  minimize  a  discrete 
functional  that  regulates  the  smoothness  and 
orthogonality  of  the  mesh.  The  use  of  transfinite  blend- 
ing function  interpolation  to  obtain  an  initial  grid  is  ex- 
amined. 
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Using  our  predictions  of  the  effects  of  elastic  stresses 
on  the  phase  diagram  of  an  alloy  displaying  a  congru- 
ent point  as  a  guide  we  studied  experimentally  the  ef- 
fects of  elastic  stress  on  the  Ni-V  phase  diagram  in  the 
neighborhood  of  the  Ni-V->  Ni3V  congruent  point.  The 
Ni-V->  Ni3V  transformation  has  been  well  studied  and 
displays  a  congruent  point  at  25  at  %  V,  1,045  C. 
These  experiments  have  shown  that  the  effects  of 
elastic  stress  on  phase  equilibrium  is  observable  in  the 
Ni-V  system. 
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Open-cup  and  pressurized  mechanical  impact  tests 
were  conducted  at  White  Sands  Test  Facility  (WSTF) 
on  Al-Li  alloys  (2090,  8090,  and  WL049)  and  Al  Alloy 
221 9  in  various  tempers.  Pressure,  drop  height  (poten- 
tial energy),  and  environment  (gaseous  (GOX)  or  liquid 
(LOX))  oxygen  were  variables  in  the  test  program.  Re- 
actions were  detected  in  all  alloys.  The  reaction  sen- 
sitivity was  found  to  vary  with  specimen  absorbed  en- 
ergy. Large,  macroreactions  occurred  on  specimen 
shear  lips,  a  region  that  has  very  high  deformation  and 
is  exposed  to  striker  pin-specimen  friction.  Small, 
microreactions  were  found  to  occur  over  many  areas 
of  the  specimen.  The  effects  of  the  test  variables  (pres- 
sure, drop  height,  LOX,  GOX)  on  the  frequency  of 
macro-  and  microreactions  is  discussed.  It  is  shown 
that  the  energy  for  fracture  is  always  less  than,  or  equal 
to,  the  energy  for  (oxygen)  reaction. 
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Successful  hot  isostatic  pressing  (HIP)  of  metal  or 
intermetallic  powders  requires  that  the  product  meet 
many  goals  with  respect  to  shape,  density, 
microstructure  and  cost.  The  development  of  sensors 
which  can  detect  sample  characteristics  during  HIP 
consolidation  and  process  models  which  can  predict 
how  the  sample  characteristics  will  respond  to  changes 
in  its  environment  raises  the  possibility  of  active  control 
based  on  these  characteristics.  The  report  describes 
intelligent  processing  of  hot  isostatic  pressing. 
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In  mechanical-impact  testing  of  Al-Li  alloys  and  Al  alloy 
22 1 9  for  oxygen  compatibility,  specimens  absorb  a  sig- 
nificant amount  of  energy  in  a  short  time.  The  absorbed 
energy  is  sufficient  to  crack  and,  in  many  cases, 
produce  large  fractures  (splits)  in  the  specimens.  The 
high  strain  rate  from  impact  results  in  the  formation  of 
adiabatic  shear  bands  under  adiabatic  conditions  in  the 
deformed  areas.  Large  local  temperature  increases  in 
the  specimens  occur  during  deformation.  Localized 
melting  is  more  prevalent  in  alloy  2219,  compared  to 
Al-Li  alloys.  Microreactions  also  occur  more  frequently 
in  2219,  but  larger,  macroreactions  occur  more  readily 
in  the  Al-Li  alloys.  Estimates  of  temperature  increases 
assuming  macroscopic  homogeneous  deformation 
during  impact  are  presented.  Characteristic  times  to 
propagate  a  thermal  transient  and  to  complete  the  me- 
chanical deformation  process  are  estimated.  The  dif- 
ference between  the  alloy  systems  in  this  characteristic 
time  to  propagate  a  thermal  disturbance  is  used  to  dis- 
cuss the  sizes  and  frequencies  of  macro-  and 
microreactions. 
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Alloys  of  composition  Ti2AINb  and  Ti4AINb3,  cooled 
from  1400  C  and  equilibrated  at  700  C  for  26  days, 
were  both  found  to  consist  of  two  phases:  the  Ti-  and 
Nb-rich  bcc  phase  and  the  orthorhombic  phase  based 
on  Ti2AINb.  Depending  on  the  alloy  composition,  each 
phase  was  observed  as  a  precipitate  with  a  plate  mor- 
phology in  the  matrix  of  the  other  phase.  In  both  cases, 
the  phases  share  a  common  direction,  (left  brack- 
et)01 1  (right  bracket)(bcc)  (left  bracket)001  (right  brack- 
et)(ort),  and  interface  (habit  plane,  (2(-1)1)(bcc)  (1(- 
1)0)(ort).  Geometrical  patterns  of  plates  of  the  different 
orientational  variants  were  also  observed.  Analysis  of 
the  orientation  relation,  habit  plane  and  plate  patterns 
are  consistent  with  the  concept  of  a  strain-type  transi- 
tion even  though  long  range  diffusion  is  required. 
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Two  Al-Cr  compounds  known  in  literature  as  the  nu 
and  epsilon  phases  were  studied  in  the  present  work 
by  precession  camera  single  crystal  x-ray  diffraction 
and  transmission  electron  microscopy  (TEM).  The  re- 
sults are  different  from  those  reported  in  the  literature. 
The  epsilon  phase  was  found  to  be  hexagonal  P6(3)/ 
mmc,  with  lattice  parameters  a=2.01  nm  and  c=2.48 
nm.  The  phase  is  believed  to  be  isomorphous  to  the 


AI4Mn  nu  phase.  The  nu  phase  has  monoclinic  (pseu- 
do-orthorhombic)  C  centered  Bravais  lattice  with  a(3) 
approx.=1.76  nm,  b(3)  approx.=3.05  nm,  c(3) 
approx.=1.76  nm  and  beta  approx.=90  deg.  Single 
crystal  of  the  nu  phase  are  usually  twinned. 
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The  martensitic  transformation  in  sodium  metal  has 
been  studied  using  neutron-diffraction  and  neutron-in- 
elastic-scattering techniques.  In  two  separate  experi- 
ments the  transformation  was  observed  on  cooling 
near  32  K.  Measurements  of  the  diffuse  scattering,  dif- 
fraction linewidths,  quasielastic  scattering,  and  the 
temperature  dependence  of  the  Sigma(4)(left  brack- 
et)hh0(right  bracket)  phonon  energies  above  the  trans- 
formation show  no  evidence  of  transformation  precur- 
sors. The  sodium  martensite  appears  as  24  rhombo- 
hedral  variants,  four  about  each  bcc  (110),  with  reflec- 
tions from  their  basal  planes  at  (1.018,  0.92,  +  or  - 
0.06),  (0.92,  1.018,  +  or  -  0.06),  and  equivalent  points. 
The  layer  stacking  order  of  the  variants  is  fixed  by  their 
relationship  to  the  host  bcc  material.  The  crystallog- 
raphy of  the  low-temperature  phase  is  shown  to  be  a 
complex  mixture  of  stacking-fault-affected  rhombo- 
hedral  polytypes  of  a  particular  'almost-hexgonal' 
structure.  These  form  a  ladder  of  structures  connected, 
one  to  another,  by  stacking  faults.  As  the  martensite 
is  warmed  and  before  the  complete  reversion  to  a  bcc 
structure,  the  relative  fraction  of  the  different  mar- 
tensite phases  changes.  Near  55  K,  the  longest-period 
polytypes  are  the  most  stable. 
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Experimental  results  are  presented,  on  a  round-robin 
basis,  to  study  the  effect  of  vibrational  frequency  on 
the  dynamic  shear  moduli  of  two  metals,  Inconel  600 
and  Incoloy  907.  Four  separate  laboratories,  each 
using  a  different  experimental  technique,  obtained  re- 
sults over  the  nominal  frequency  range  of  7  kHz  to  10 
MHz.  A  brief  discussion  and  comparison  of  the  four 
techniques,  both  resonant  and  pulse,  are  included.  No 
significant  differences  were  observed  for  each  alloy's 
modulus  over  this  frequency  range. 
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Thermodynamic  constraints  on  permissible  values  of 
temperature,  liquid  composition,  solid  composition  and 
long  range  order  parameter  at  the  freezing  interface 


during  non-equilibrium  solidification  of  intermetallic 
phases  are  defined  in  terms  of  the  liquid  and  solid  free 
energy  functions. 
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Pulsed  laser  melting  and  rapid  resolidification  can  in- 
duce disorder  trapping  in  Ni2AITi  at  the  solidification 
interface.  The  alloy  formed  from  the  melt  with  the 
nonequilibrium  L2  structure  and  subsequently  trans- 
formed to  the  equilibrium  L2(sub  1)  Heusler  structure 
during  cooling  to  room  temperature. 
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Linear  Muffin  Tin  Orbital  and  Linearly  Augmented 
Plane  Wave  calculations  of  equations  of  state  were 
performed  for  observed  and  hypothetical  ordered 
structures  in  the  NiAI-NiTi  System.  Total  energies  were 
parameterized  in  both  the  Connolly  and  Williams  and 
epsilon-G  approximations,  and  the  resulting  param- 
eters were  used  to  calculate  theoretical  phase  dia- 
grams by  the  cluster  variation  method.  Third  nearest 
neighbor  Al-Ti  pairwise  interactions  are  predicted  to  be 
strongly  repulsive,  and  to  be  the  major  cause  of  ob- 
served immiscibility  between  B2  ana  L2(1 )  phases. 
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Certain  phase  changes  evolve  entirely  by  atom 
rearrangements  among  neighboring  sites  in  a  crystal 
structure,  and  can  be  understood  through  the  formula- 
tion and  solution  of  a  realistic  diffusion  equation.  A  por- 
tion of  the  1956  thesis  by  Mats  Hillert,  published  in 
1961  under  the  title  'A  Solid-solution  Model  for 
Inhomogeneous  Systems',  is  the  seminal  theoretical 
paper  in  this  subject.  It  deals  with  solid  solutions  that 
have  atoms  confined  to  lattice  points  with  a  one-dimen- 
sional concentration  variation,  that  are  unstable  to  or- 
dering or  phase  separation,  and  that  evolve  entirely  by 
atom  exchanges.  The  results  of  the  theory  were  ap- 
plied to  his  experimental  observations  on  a  spinodal 
alloy.  Subsequent  theoretical  studies  have  extended 
the  theory  to  include  many  factors  that  make  the  theory 
more  realistic.  Among  them  is  another  of  Mats  Hillert's 
themes;  the  introduction  of  the  effects  of  stresses  that 
result  from  the  diffusional  processes. 
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The  stability  of  microstructural  features  and  how  this 
affects  grain  growth  and  coarsening  in  a  two-dimen- 
sional polycrystalline  two-phase  material  with  isotropic 
energies  for  the  two  grain  boundaries  and  the 
interphase  interface  is  examined  using  classical  con- 
cepts of  classical  capilarity  and  surface  energy  driven 
processes.  A  catalog  of  stable  microstructural  features 
depends  on  surface-energy  ratios;  it  is  shown  to  in- 
clude a  four-grain  junction  that  is  stable  for  a  range  of 
surface-energy  ratios,  and,  for  a  given  set  of  ratios,  is 
stable  over  a  range  of  angles.  It  is  the  grain  boundary 
analog  of  the  line  junctions  among  four  phases,  dis- 
cussed by  Gibbls.  Three-grain  junctions  and  grain 
boundaries  had  been  known  to  have  a  limited  range 
of  stability.  Inferences  about  grain  growth,  coarsening, 
and  evolving  morphology  are  obtained  from  the  inte- 
grated curvature  of  the  bounding  surface  of  a  grain, 
which  depends  on  the  number  and  phase  of  neighbor- 
ing grains,  as  well  as  the  order  of  their  arrangement. 
Under  some  conditions,  a  dispersion  of  grains  of  a 
boundary  phase  will  tend  to  a  uniform  size;  this  phase 
resists  coarsening. 
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In  the  paper  the  authors  report  measurements  of  the 
dimensional  stability  of  samples  of  brass,  beryllium 
copper,  and  tellurium  copper  taken  over  an  18  month 
time  span.  Of  the  materials,  brass  was  the  most  stable, 
decreasing  slightly  in  length  at  the  rate  of  1  part  per 
million  per  year  (ppm/y)  with  an  uncertainty  (3)  of  about 
1  ppm/y.  Tellurium  copper  shrank  at  an  average  rate 
of  2.4  ppm/y  and  beryllium  copper  at  the  rate  of  5.8 
ppm/y.  In  order  to  measure  the  instrumental  uncer- 
tainty there  were  4  samples  of  each  material  were 
measured,  and  the  measurement  scheme  was  de- 
signed to  detect  and  correct  for  thermal  drift  during 
measurements.  The  experiment  design  and  the  prob- 
lems associated  with  these  measurements  and  their 
associated  uncertainties  are  discussed. 
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While  compaction  under  purely  isostatic  pressure  is 
distortion-free,  the  introduction  of  shear  stresses,  e.g. 
by  the  canister,  can  cause  a  change  in  shape  of  a  pow- 
der compact.  The  paper  describes  a  plasticity  theory 
for  both  shape  and  volume  change  of  compacts.  It  is 
first  formulated  at  a  level  sufficiently  general  to  apply 


to  both  porous  and  particulate  media.  It  is  then  com- 
bined with  the  Ashby  micromechanical  plasticity  model 
for  powder  compaction,  modified  to  allow  for  work- 
hardening,  and  applied  to  particulate  compacts.  It  tests 
favorably  against  experimental  data  for  a  variety  of 
powder  compacts  in  uniaxial  and  isostatic  stress 
states.  The  theory  of  Gurson  for  porous  materials  does 
not  fit  this  data  from  particulate  materials  very  well.  The 
effect  of  shear  stresses,  generated  by  the  containment 
cansiter,  on  shape  change  is  then  examined  using  data 
from  copper  powder  compacts  in  copper  canisters.  The 
theory  is  available  for  finite  element  modeling. 
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The  effect  of  anisotropy  of  thermal  conductivity  and 
buoyancy-driven  convection  on  morphological  stability 
during  directional  solidification  of  a  binary  alloy  is  con- 
sidered. Results  are  presented  for  dilute  alloys  of  in- 
dium in  tin.  The  onset  of  instability  depends  on 
crystallographic  orientation,  and  can  be  oscillatory  in 
time  under  certain  conditions.  Buoyancy-driven  flow 
can  result  in  a  long  wavelength  instability  that  en- 
hances morphological  instability. 
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An  assessment  of  the  thermochemistry  and  phase  dia- 
gram data  for  the  Al-Sb  system  using  the  Lukas  optimi- 
zation program  is  presented.  A  comparison  between 
the  Redlich-Kister  and  associate  models  is  made. 
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The  chart  presents  several  cryogenic  properties  of  sil- 
ver. 


03  331 

PB94-21 1 091       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Metallurgy  Div. 

Ordered  omega-Derivatives  in  a  Ti-37.5AI-20Nb 

at%  Alloy. 

Final  rept. 

L.  A.  Bendersky,  B.  P.  Burton,  W.  J.  Boettinger,  and 
F.  S.  Biancaniello.  1990,  6p. 

Pub.  in  Scripta  Metallurgica  et  Materialia  24,  n8  p1541- 
1546  1990. 

Keywords:  "Titanium  containing  alloys,  "Titanium 
intermetallics,  Molecular  structure,  Ternary  com- 
pounds,     Aluminum      intermetallics,  Niobium 
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In  the  present  work  we  report  finding  a  new  Ti-AI-Nb 
phase  which  is  apparently  a  more  ordered  derivative 
of  the  B82  phase.  The  phase  was  found  as  fine 
precipitates  in  the  presumably  B8(2)  matrix  in  Ti- 
37.5AI-20Nb  at%  alloy.  A  possible  structure  of  the  new 
phase  will  be  discussed  based  on  the  results  of  elec- 
tron diffraction  and  high-resolution  microscopy. 
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A  challenge  in  the  field  of  microstructure  evolution  is 
to  understand  the  physical  processes  that  govern 
microstructure  evolution  and  the  relationship  between 
microstructure  and  the  resulting  physical  properties  of 
the  polycrystal.  In  this  paper  two  new  scanning  elec- 
tron microscope  (SEM)  techniques  for  measuring  two 
fundamental  characteristics  of  grain  boundaries  are 
described.  A  metal  reference  line  technique  (MRL)  has 
been  developed  for  measuring  surface-grain  boundary 
dihedral  angles  from  thermal  grooves  at  a  sample  sur- 
face using  an  SEM.  The  second  technique  is  the  elec- 
tron backscattered  diffraction  pattern  (EBDP)  for 
measuring  grain  texture  and  grain-grain 
misorientations. 
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The  microstructures  and  compositions  of  sintered  Pt- 
Au  objects  from  La  Tolita,  Ecuador,  and  of  experi- 
mentally simulated  Pt-Au  alloy  samples  were  analyzed 
using  new  electron  microprobe  microanalysis  (EPMA) 
techniques  and  data  from  the  Pt-Au  phase  diagram  in 
an  effort  to  determine  the  fabrication  temperatures 
used  by  Pre-Hispanic  South  American  smiths.  A  com- 
parison of  EPMA  results  from  the  simulated  materials 
with  the  corresponding  results  from  the  La  Tolita  Pt- 
Au  objects  suggests  that  the  Pt-Au  objects  were  never 
heated  as  high  as  1100  C  and  probably  never  con- 
tained a  liquid  phase.  As  illustrated  by  this  comparison, 
the  qualitative  and  quantitative  information  provided  by 
these  new  digital  acquisition  and  display  techniques  far 
exceeds  what  conventional  line  scan  and  x-ray  dot 
maps  could  provide. 
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In  Kraft  recovery  furnaces,  significant  fuming  takes 
place  of  sodium  and  potassium.  It  is  essential  to  quan- 
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tify  the  fume  generation  rate  because  fume  particles 
coat  heat  transfer  tubes  and  plug  flue  gas  passages. 
To  address  this  problem  an  ensemble  light  scattering 
technique,  based  on  measurement  of  the  polarization 
ratio,  was  used  to  measure  fume  particle  size  and 
number  density  from  a  synthetic  Kraft  smelt.  This  in- 
situ  nonintrusive  technique  is  used  because  of  its  appli- 
cation to  high  density  particle-laden  flows.  Measure- 
ments were  also  carried  out  at  different  scattering  an- 
gles in  order  to  determine  the  imaginary  part  of  the  par- 
ticle complex  refractive  index.  In  addition,  fume  particle 
size  distributions  obtained  from  scanning  electron  mi- 
croscope images  were  correlated  with  the  log-normal 
distribution  function.  Results  indicated  that  an  increase 
in  nitrogen  flow  rate  generated  smaller  fume  particles, 
while  a  higher  air  flow  rate  produced  larger  fume  par- 
ticles. In  addition,  increased  nitrogen  flow  rate  in- 
creased fume  mass  density,  but  the  air  flow  rate  had 
a  negligible  effect.  The  fume  particle  geometric  mean 
diameter  (Dg)  was  found  to  vary  with  gas  flow  rate  be- 
tween values  of  0.2  and  0.3  m,  and  number  density 
varied  between  3  x  10(exp  7)  and  2  x  10(exp  8)  par- 
ticles/cc. 
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We  have  performed  a  theoretical  study  of  the  magnetic 
fields  produced  by  a  single  turn  ac  coil  encircling  a 
moving  conductive  rod  or  tube  of  flowing  liquid  metal. 
A  solution  exact  to  first  order  in  the  velocity  has  been 
obtained  as  a  closed-form  integral.  Radial  variation  of 
the  velocity  profile  is  included.  The  solution  allows  a 
calculation  of  the  voltages  induced  in  two  secondary 
coils  wired  in  opposition  for  application  as  a  velocim- 
eter.  With  secondary  coils  wired  in  series,  the  calcula- 
tion provides  the  classical  impedance  vs.  frequency 
curves  which  allow  determination  of  sample  conductiv- 
ity and  diameter.  The  solution  has  been  used  to  opti- 
mize design  for  a  sensor  to  be  used  for  monitoring 
speed  and  tube  bore  diameter  in  a  liquid  metal  atom- 
izer system.  An  additional  solution  has  been  obtained 
for  arbitrary  magnitude  of  velocity,  but  for  constant  ve- 
locity profile. 
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Phase  equilibria  of  the  ternary  Ti-AI-Nb  system  are 
dominated  by  the  large  range  of  homogeneity  of  (beta- 
Ti.Nb),  the  binary  intermetallic  compounds  of  the  Nb- 
Al  and  Ti-AI  systems  and  the  formation  of  two  ternary 
compounds.  The  available  ternary  experimental  data, 
together  with  a  thermodynamic  extrapolation  of  the  ter- 
nary system  from  the  binary  systems,  have  been  used 
to  calculate  the  ternary  phase  diagram.  The  model  de- 
scriptions of  the  Gibbs  energies  of  most  of  these  com- 
pounds are  given  by  the  existing  calculations  of  the  bi- 
nary systems.  In  order  to  model  a  phase  which  is 
present  in  only  one  binary  system,  but  has  a  ternary 
homogeneity  range,  a  hypothetical  phase  with  the 
same  structure  was  analytically  described  for  each  bi- 
nary system.  Such  a  phase  would,  of  course,  be  meta- 
s'able  in  the  other  binary  systems.  Constraints  on  the 
Gibbs  energies  of  formation  were  derived  from  the 
crystal  structures  of  the  corresponding  ordered  com- 
pounds. These  same  constraints  were  employed  for 
the  corresponding  phases  in  the  ternary  system.  In  a 
final  optimization  step,  ternary  parameters  were  intro- 
duced and  adjusted  to  the  available  experimental  data. 


The  as-derived  description  of  the  ternary  Ti-AI-Nb  sys- 
tem can  be  used  to  estimate  single  or  multiphase  fields 
and  thermodynamic  quantities  where  no  experimental 
data  are  yet  available.  It  is  also  useful  as  an  indicator 
of  problem  areas  for  which  additional  experimental 
data  are  required. 
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A  thermodynamic  description  of  the  Ti-AI  system  has 
been  developed.  Three  different  analytical  descriptions 
were  used  to  describe  the  three  different  types  of 
phases  occurring  in  the  Ti-AI  system:  the  stoichiomet- 
ric compounds,  the  disordered  solution  phases,  and 
the  ordered  intermetallic  compounds  which  have  ho- 
mogeneity ranges.  A  least-squares  technique  was 
used  to  optimize  the  thermodynamic  quantities  of  the 
analytical  description  using  experimental  data  avail- 
able in  the  literature.  The  calculated  phase  diagram, 
as  well  as  the  thermodynamic  functions,  agree  well 
with  the  critically  evaluated  experimental  data  from  the 
literature. 
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A  cooperative  test  program  to  assess  the  oxygen  com- 
patibility of  aluminum-lithium  alloys  with  White  Sands 
Test  Facility  (WSTF),  Marshall  Space  Flight  Center 
(MSFC),  and  the  National  Institute  of  Standards  and 
Technology  (NIST)  led  to  assessment  of  the  mechani- 
cal impact  test  by  NIST.  There  were  substantially  dif- 
ferent variations  in  test  parameters  between  the  test 
laboratories;  some  of  these  led  to  significant  variability 
in  the  actual  energy  absorbed  by  the  specimens. 
Therefore,  test  results  varied  widely.  To  reduce  the 
large  disparities  in  interlaboratory  test  results,  a  num- 
ber of  changes  are  recommended  in  the  current  ASTM 
test  standards. 
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The  influence  of  an  applied  electric  field  on  crack  ex- 
tension in  a  lead  magnesium  niobate  ceramic  was  in- 
vestigated in  order  to  evaluate  possible  effects  of 
electrostrictive  strain  on  crack  propagation.  Cracks 
were  generated  by  indenting  polished  specimen  sur- 


faces equidistant  between  imbedded  parallel  elec- 
trodes. The  field  was  applied  before  indentation  and 
maintained  for  the  duration  of  the  measurement.  Re- 
sults showed  that  cracks  emanating  from  indentations 
perpendicular  to  the  applied  field  were  consistently 
shorter  than  those  from  indentations  made  with  no  field 
present.  No  effect  of  field  was  observed  on  cracks  par- 
allel to  the  field.  Crack  length  also  appeared  to  depend 
on  the  indentation  location  relative  to  the  electrodes. 
A  qualitative  model  explaining  these  results  is  pro- 
posed. 
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Open-cup  and  pressurized  mechanical-impact  tests 
have  been  conducted  at  White  Sands  Test  Facility  on 
selected  tempers  of  Al-Li  alloys  (2090,  8090,  WL049), 
and  Al  alloy  2219.  Both  liquid  (LOX)  and  gaseous 
(GOX)  oxygen  environments  were  used  and  pressure 
and  drop  height  (potential  energy)  were  varied  in  each 
environment.  Reactions  were  observed  in  all  alloys 
and  tempers  on  both  sides  of  the  specimens.  Reaction 
sizes,  morphologies,  and  locations  were  characterized 
using  a  magnifying  glass  (2X  power),  a  light  micro- 
scope (5  to  100X),  and  a  scanning  electron  microscope 
(100  to  3000X).  Photomicrographs  of  various  types  of 
macro-  and  microreactions  are  presented  and  dis- 
cussed. The  variety  of  sizes  of  reactions  poses  a  seri- 
ous problem  for  the  definition  of  a  reaction  in  standards 
documents  for  LOX  and  GOX  mechanical-impact  qual- 
ification testing.  This  dilemma  is  discussed. 
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In  mechanical  impact  tests,  the  potential  energy  of  the 
plummet  is  divided  between  energy  absorbed  by  the 
specimen,  the  plummet  kinetic  energy  of  rebound,  and 
various  losses  in  the  test  machine.  Thus,  all  of  the  po- 
tential (or  drop  height)  energy  is  not  transferred  to  the 
specimen.  The  fracture  and  deformation  characteris- 
tics and  the  readability  of  metal  specimens  are  de- 
pendent on  the  amount  of  energy  that  the  specimen 
absorbs.  The  absorbed  energy  may  be  calculated  ei- 
ther from  knowledge  of  the  potential  energy  and  re- 
bound height  (assuming  losses  are  negligible),  or  from 
the  depth  of  striker-pin  penetration  into  the  specimen. 
The  depth  measurement  gives  an  estimate  of  speci- 
men strain;  a  reasonable  estimate  of  force  exerted  on 
the  specimen  during  deformation  allows  calculation  of 
the  work  of  deformation.  The  effects  of  the  absorbed 
energy  on  fracture  and  deformation  characteristics  and 
on  reactions  in  Al-Li  alloys  and  alloy  2219  are  dis- 
cussed. 
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Special  properties  of  rapidly  solidified  metal  powders 
that  are  of  particular  interest  to  materials  engineers  in- 
clude improved  chemical  homogeneity,  novel 
microstructures,  increased  solubility  and  spherically 
smooth  surfaces.  These  properties  have  a  strong  de- 
pendence on  the  solidification  rate,  and  therefore  on 
the  particle  size.  Inert  gas  pressure,  nozzle  design  and 
gas/melt  flow  rates  can  be  used  to  control  powder  size, 
once  the  particular  characteristics  of  a  system  are  un- 
derstood. A  size,  once  the  particular  characteristics  of 
a  system  are  understood.  A  state-of-the-art  sensor 
system  is  therefore  required  to  provide  high-speed, 
nonintrusive  measurements  of  particle  characteristics 
for  process  feedback  and  control.  To  address  this  chal- 
lenge, a  commercially-available  particle  size  analyzer, 
based  on  laser  diffraction  is  used  to  monitor  the  pow- 
der stream  in  the  exhaust  section  of  the  Supersonic 
Inert  Gas  Metal  Atomizer  (SiGMA)  at  NIST.  A  line-of- 
sight  measurement  technique  is  preferred  over  one 
with  a  discrete  point  measurement,  since  this  tech- 
nique provides  particle  size  information  which  is  more 
representative  of  the  entire  flow  stream  passing 
through  the  atomizer  exhaust  section. 
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Al-Mn  alloys  with  compositions  ranging  between  0-50 
wf%  Mn  were  electrodeposited  at  150  C  onto  copper 
substrates  from  a  chloroaluminate  molten  salt  electro- 
lyte with  controlled  additions  of  MnCI2.  The  results  of 
examination  by  scanning  electron  microscopy  (SEM), 
transmission  electron  microscopy  (TEM),  energy  dis- 
persive x-ray  analysis  (EDAX)  and  x-ray  diffraction  are 
presented. 
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Intelligent  control  is  an  attempt  to  specify  the  function 
of  a  controller  in  ways  which  mimic  the  decision-mak- 
ing capabilities  of  humans.  The  National  Institute  of 
Standards  and  Technology's  (NIST)  program  on  Intel- 
ligent Processing  of  Metal  Powders  is  a  multi-discipli- 
nary research  initiative  investigating  the  application  of 
intelligent  control  technologies  to  improve  the  state-of- 
the-art  of  metal  powder  manufacturing.  This  paper  re- 
views the  design  of  NIST's  supersonic  inert  gas  metal 
atomizer  control  system. 
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In  this  paper  we  discuss  two  phase-field  models  for  so- 
lidification of  a  eutectic  alloy,  a  situation  in  which  a  liq- 
uid may  transform  into  two  distinct  solid  phases.  The 
first  is  based  on  a  regular  solution  model  for  the  solid 
with  a  chemical  miscibility  gap.  This  model  suffers  from 
the  deficiency  that,  in  the  sharp  interface  limit,  it  ap- 
proximates a  free-boundary  problem  in  which  the  sur- 
face energy  of  the  solid/solid  interface  is  zero  and  con- 
sequently mechanical  equilibrium  at  a  trijunction  re- 
quires that  the  solid/solid  interface  has  zero  dihedral 
angle  (locally  planar).  We  propose  a  second  model 
which  uses  two  order  parameters  to  distinguish  the  liq- 
uid phase  and  the  two  solid  phases.  We  provide  a 
thermodynamically  consistent  derivation  of  this  phase- 
field  model  which  ensures  that  the  local  entropy  pro- 
duction is  positive.  We  conduct  a  sharp  interface  as- 
ymptotic analysis  of  the  liquid/solid  phase  transition 
and  show  it  is  governed  by  a  free-boundary  problem 
in  which  both  surface  energy  and  interface  kinetics  are 
present.  Finally,  we  consider  a  sharp  interface  analysis 
of  a  stationary  trijunction  between  the  two  solid  phases 
and  the  liquid  phase,  from  which  we  recover  the  condi- 
tion that  the  interfacial  surface  tensions  are  in  mechan- 
ical equilibrium  (Young's  equation).  This  sharp  inter- 
face analysis  compares  favorably  with  numerical  solu- 
tions of  the  phase-field  model  appropriate  to  a 
trijunction. 
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A  newly  invented  alloy  of  zirconium,  palladium  and  ru- 
thenium holds  great  promise  for  use  in  high-strength 
orthodontic  wires,  dental  and  medical  implants,  and  in 
other  applications  because  of  its  extraordinary  frac- 
ture-toughness and  wear  resistance.  Cracks  produced 
experimentally  in  alloy  samples  are  apparently  pre- 
vented from  propagating  by  internal  stress-induced 
transformations  that  occur  at  the  crack  tips.  This  type 
of  behavior  has  been  observed  previously  in  certain  in- 
dustrial ceramics  and  alloy  steels  but  is  a  relatively  rare 
phenomenon.  ADA  and  government  scientists  at  the 
National  Institute  of  Standards  and  Technology  are 
particularly  excited  about  the  alloy  because  of  the  in- 
sights it  might  offer  on  the  wear  process  mechanism 
and  because  of  its  practical  implications. 
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This  paper  describes  an  investigation  into  a  practical 
model  of  grain  growth  for  coupling  with  a 
microstructural  model  of  densification  during  Hot 


Isostatic  Pressing  (HIP).  Grain  growth  affects 
densification  through  plastic  yielding  and  diffusive 
mechanisms,  which  are  grain  size  dependent.  De- 
pending on  the  HIP  conditions,  grain  growth  can  in- 
crease or  inhibit  densification.  The  grain  growth  formu- 
lation stated  here  contains  relatively  well-established 
parameters  for  many  materials.  Coupled  with  the 
densification  model  it  executes  rapidly  on  modest  com- 
puter resources,  making  the  models  amenable  for  fur- 
ther study  into  the  effects  of  microstructural  coarsening 
on  densification.  The  grain  growth  model  was  com- 
pared to  experiments  using  OFHC  copper  compacts 
that  were  sintering.  Results  show  that  the  grain  growth 
model  can  yield  good  results  but  is  necessarily  sen- 
sitive to  the  value  for  the  activation  energy  of  volume 
self  diffusion. 
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The  impact  code  EPIC  was  employed  to  study  the  rela- 
tionship between  the  applied  force  and  the  penetration 
depth  in  a  micrometer-scale  indentation  experiment 
with  oxygen  free  high  conductivity  (OFHC)  copper. 
EPIC  is  an  elastic-plastic  finite  element  code  that  uses 
a  Lagrangian  formulation  and  triangular  mesh,  which 
can  accommodate  large  deformation  without  the  need 
to  remesh  during  the  computation  process.  By  fitting 
the  force-penetration  curves  for  a  triangular  indenter 
with  second  degree  polynomials,  it  was  demonstrated 
that  the  fit  changed  with  two  material  constants  in  the 
constitutive  equation.  A  systematic  procedure  for  de- 
termining the  material  constants  is  described  that  is 
based  on  matching  either  the  slope  or  the  curvature 
of  the  force  penetration  depth  curves  from  numerical 
simulation  and  experiments.  It  is  concluded  that  mate- 
rial constants  can  be  determined  from  indentation  data 
obtained  using  pyramidal  or  spherical  indenters  as  well 
as  a  flat-ended  indenter. 
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A  method  is  demonstrated  for  reconstructing  the  two- 
dimensional  boundary  of  the  liquid  core  in  a  solidifying 
strand  of  aluminum  using  ultrasonic  time-of-flight  data. 
Approximating  the  boundary  by  an  ellipse  leads  to  a 
model  that  can  be  used  to  calculate  the  time-of-flight 
along  any  path  in  the  plane  of  the  ellipse.  The  shape 
and  location  of  the  ellipse  are  specified  by  four  free 
parameters.  A  least-squares  algorithm  is  then  used  to 
find  the  set  of  four  parameters  that  provides  the  best 
fit  to  the  measured  time-of-flight  data  on  ten  intersect- 
ing paths  through  the  strand.  For  a  strand  with  a  6  inch 
square  cross  section,  the  agreement  between  the  ac- 
tual interface  and  the  computed  interface  was  within 
about  +  or  -  2%.  Reference  data  for  the  temperature 
dependence  of  longitudinal  velocity  for  solid  1110  alu- 
minum are  included. 
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The  effects  of  elastic  stress  on  the  stability  of  solid- 
liquid  interfaces  under  a  variety  of  conditions  are  dis- 
cussed. In  the  cases  discussed,  the  nonuniform  com- 
position field  in  the  solid,  which  accompanies  either  the 
melting  process  or  the  development  of  a  perturbation 
on  the  solid-liquid  interface  during  solidification,  gen- 
erates nonhydrostatic  stresses  in  the  solid.  Such 
compositionally  generated  elastic  stresses  have  been 
shown  experimentally  to  induce  a  solidifying  solid-liq- 
uid interface  to  become  unstable.  We  are  in  the  proc- 
ess of  analyzing  the  effects  of  these  stresses  on  the 
conditions  for  morphological  stability  of  a  directionally 
solidified  binary  alloy. 
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The  field  of  surface  texture  measurement  is  reviewed 
with  emphases  on  stylus  techniques  and  applications 
to  tribology  and  related  problems.  We  define  a  number 
of  useful  surface  statistical  parameters  including 
roughness  average,  rms  roughness,  skewness,  and 
peak  spacing  as  well  as  the  power  spectral  density  and 
autocorrelation  functions.  The  strengths  and  limitations 
of  stylus  instruments  are  discussed  in  detail,  along  with 
procedures  for  calibrating  them.  Practical  applications 
of  these  measurements  include  the  study  of  lip  seals, 
the  study  of  wear  by  standard  techniques,  and  many 
other  problems  in  the  automotive  and  metal  working 
industries. 
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We  investigated  the  phase  formation  sequence  in  the 
reaction  of  multilayer  thin  films  of  Nb/AI  with  overall 
compositions  of  25  and  33  at.%  Al.  We  report  novel 
phenomena  which  distinguish  thin-film  reactions  un- 
equivocally from  those  in  bulk  systems.  For  sufficiently 
thin  layers,  composition  and  stability  of  product  phases 
are  found  to  deviate  significantly  from  that  predicted 
from  the  equilibrium  phase  diagram.  We  demonstrate 
that  in  the  Nb/AI  system,  the  length  scales  below  which 
such  deviations  occur  is  about  1 50  nm.  We  believe  that 
these  phenomena  occur  due  to  the  importance  of  grain 
boundary  diffusion  and  hence  microstructure  in  these 
thin  films. 
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Phase  formation  kinetics  in  the  reaction  of  Nb/AI  multi- 
layered  thin  films  were  investigated  using  scanning 
calorimetry,  x-ray  diffraction,  and  transmission  electron 
microscopy.  The  first  phase  to  form  upon  annealing  the 
Nb/AI  layered  structure  is  the  NbAI3  intermetallic.  Its 
formation  is  clearly  identified  by  the  calorimetry  to  be 
a  two-stage  process,  which  has  been  modeled  as  the 
nucleation  and  three-dimensional  growth  to  coales- 
cence of  the  product  phase  in  the  plane  of  the  initial 
interface,  followed  by  the  thickening  of  the  product 
layer  by  one-dimensional  growth  perpendicular  to  the 
interface  plane.  For  the  initial  reaction  stage  the  reac- 
tion front  velocity  is  higher  than  can  be  supported  by 
diffusional  transport  within  the  lattice  adjacent  to  the 
moving  interface.  Thus  diffusion  along  noneguilibrium 
interfaces  must  be  the  growth  mechanism.  The  large 
volume  fraction  consumed  during  the  initial  reaction 
stage  indicates  a  lower  nucleation  site  density  than  ex- 
pected at  a  Nb/AI  interface  at  local  equilibrium,  sug- 
gesting that  the  interface  transport  is  reducing  the  driv- 
ing force  for  nucleation. 
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Nanocrystalline  materials,  with  grain  sizes  on  the  order 
of  nanometers,  have  many  interesting  properties  as  a 
result  of  having  confining  grain  sizes  and  a  significant 
fraction  of  their  atoms  in  grain  boundary  regions. 
Nanocrystalline  materials  may  be  synthesized  by  inert 
gas  condensation  and  compaction,  as  developed  by 
Gleiter  and  co-workers.  While  this  processing  method 
is  very  effective,  it  does  produce  specimens  containing 
defects  of  various  sizes.  Evidence  for  the  presence  of 
these  defects  in  nanocrystalline  metals  includes  sub- 
stantial deviations  from  theoretical  density,  positron 
lifetime  measurements,  and  small  angle  neutron  scat- 
tering (SANS)  measurements.  Previous  SANS  results 
have  been  interpreted  primarily  in  terms  of  scattering 
from  low  density  grain  boundaries,  although  the  con- 
tribution from  pores  has  also  been  recognized.  The 
presence  of  such  defects  is  believed  to  have  a  strong 
influence  on  the  apparent  strength  of  nanocrystalline 
metals;  therefore,  any  comprehensive  study  of  me- 
chanical behavior  should  include  detailed  information 
on  the  defect  structure  of  the  material.  As  part  of  a 
study  of  mechanical  properties  and  their  correlation 
with  changes  in  internal  structure,  SANS  measure- 
ments were  made  on  a  series  of  nanocrystalline  palla- 
dium (n-Pd)  samples.  Preliminary  results  of  the  study 
are  described. 
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We  examine  the  equilibrium  shape  and  the  dynamics 
of  the  morphological  evolution  of  a  coherent  misfitting 
particle  in  an  elastically  anisotropic  medium.  No  a  priori 
assumptions  are  made  on  the  possible  particle 
morphologies;  the  particle  evolves  in  a  manner  consist- 
ent with  both  the  diffusion  and  elastic  fields  surround- 
ing the  particle  and  the  thermodynamics  of  interfaces 
in  stressed  solids.  Through  these  calculations  we  find 
the  thermodynamically  stable  equilibrium  shape  of  a 
misfitting  particle.  By  thermodynamically  stable  we 
mean  that  all  the  equilibrium  conditions,  elastic,  chemi- 
cal and  interfacial  are  satisfied  simultaneously,  in  con- 
trast to  previous  treatments  which  determined  the  equi- 
librium shape  by  minimizing  the  sum  of  the  elastic  and 
interfacial  energies  for  certain  classes  of  particle 
shapes.  We  find  that  the  equilibrium  particle 
morphologies  are  not  simple  geometric  shapes,  have 
fourfold  symmetry  and  a  continuously  varying 
interfacial  curvature  with  position  along  the  interface. 
Furthermore,  the  results  show  that  the  times  required 
for  a  particle  to  evolve  to  its  equilibrium  morphology 
are  likely  to  be  within  those  which  are  accessible  ex- 
perimentally. In  addition,  we  develop  a  general  ap- 
proach for  determining  the  equilibrium  shape  of  a  par- 
ticle in  an  elastically  stressed  solid. 
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The  melting-point  radiance  temperatures  (at  six  wave- 
lengths in  the  range  523-907  nm)  of  the  Group  IVB 
transition  metals  titanium,  zirconium,  and  hafnium 
were  measured  by  a  pulse-heating  technique.  The 
method  is  based  on  rapid  resistive  self-heating  of  the 
specimen  from  room  temperature  to  its  melting  point 
in  less  than  1  s  and  on  simultaneously  measuring  the 
specimen  radiance  temperatures  every  0.5  ms  with  a 
high-speed  six-wavelength  pyrometer.  Melting  was 
manifested  by  a  plateau  in  the  radiance  temperature- 
versus-time  function  for  each  wavelength.  The  melting- 
point  radiance  temperatures  for  a  given  specimen  were 
determined  by  averaging  the  measured  temperatures 
along  the  plateu  at  each  wavelength. 
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The  development  of  an  algebraic  grid  generation  sys- 
tem to  track  a  solid-liquid  interface  during  directional 
solidification  of  a  binary  alloy  is  discussed.  A  single 
mapping,  constructed  with  tensor  product  B-splines,  is 
proposed  for  calculations  of  both  shallow  and  deep  so- 
lidification cells.  The  initial  spline  coefficients  for  the  co- 
ordinate mapping  are  modified  to  minimize  a  discrete 
functional    that    regulates    the    smoothness  and 


394 


MATERIALS  SCIENCES 


Nonferrous  Metals  &  Alloys 


orthogonality  of  the  mesh.  The  use  of  transfinite  blend- 
ing function  interpolation  to  obtain  an  initial  grid  is  ex- 
amined. 
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The  significance  of  four  controlled  variables  in  the  tech- 
nique used  to  precrack  Charpy  specimens  is  deter- 
mined by  analyses  of  seven  response  variables  com- 
puted from  results  of  slow-bend  tests  of  metallic  mate- 
rials. The  results  can  be  summarized  in  three  major 
conclusions:  (1)  All  seven  computed  responses  are  lin- 
early related  to  crack  size  and  the  sensitivity  to  crack 
size  depends  on  the  choice  of  response  parameter  and 
on  the  material.  (2)  Precracking  at  either  very  high  or 
very  low  levels  of  stress-intensity  factor  KF,  are  to  be 
avoided.  (3)  For  the  three  methods  of  notch  prepara- 
tion, the  effects  of  notch  preparation  were  largely  not 
significant.  This  work  is  the  result  of  a  study  conducted 
by  ASTM  Task  Group  E24.03.03  and  members  of  eight 
participating  laboratories. 
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This  report  discusses  the  technical  activities  during 
1994  of  the  projects  supported  by  the  Office  of  Intel- 
ligent Processing  of  Materials  in  the  Materials  Science 
and  Engineering  Laboratories.  The  activities  include 
large  consortia  and  other  large  programs  in  metals  and 
alloys,  ceramics,  polymer  and  polymer  blends  sensor 
research  involving  thermal  wave  and  ultrasonic  evalua- 
tion of  ceramic  grinding  damage,  eddy  current  tem- 
perature measurement  during  hot  rolling  of  aluminum 
sheet,  and  metal  sensors  in  the  microstructural  engi- 
neering of  steel. 
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The  mass  spectra  of  a  metal  alloy  sample  consisting 
of  Al,  Cu  and  Fe  were  studies  using  both  glow  dis- 
charge mass  spectrometry  (GDMS)  and  resonance 
ionization  mass  spectrometry  (RIMS).  Particular  em- 
phasis was  placed  on  the  reduction  of  isobaric  inter- 
ferences and  discrimination  between  those  ions 
formed  by  the  discharge  and  those  formed  by  the  laser 
radiation. 
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Pure  silver  is  used  extensively  in  the  preparation  of 
high-temperature  superconductor  wires,  tapes,  films, 
and  other  configurations  in  which  the  silver  not  only 
shields  the  superconducting  material  from  the  sur- 
rounding materials,  but  also  provides  a  degree  of  flexi- 
bility and  strain  relief,  as  well  as  stabilization  and  low- 
resistance  electrical  contact.  Silver  is  relatively  expen- 
sive, but  at  this  stage  of  superconductor  development, 
its  unique  combination  of  properties  seems  to  offer  the 
only  reasonable  means  of  achieving  usable  lengths  of 
conductor.  In  this  role,  the  low-temperature  physical 
(electrical,  thermal,  magnetic,  optical)  and  mechanical 
properties  of  the  silver  all  become  important.  Here  the 
authors  present  a  collection  of  properties  data  ex- 
tracted from  the  cryogenic  literature  and,  to  the  extent 
possible,  selected  for  reliability. 
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The  authors  studied  the  effects  of  copper,  nickel  and 
boron  on  the  mechanical  properties  of  low-alloy  steel 
weld  metals  deposited  at  high  heat  input  (4.8  kJ/mm) 
by  the  submerged  arc  process.  The  copper  and  nickel 
contents  of  the  welds  were  systematically  varied  within 
the  ranges  of  0.03  to  0.89  wt-%  Cu  and  0.01  to  1.54 
wt-%  Ni.  In  addition,  several  of  these  copper  and  nickel 
combinations  were  duplicated  with  welds  containing  36 
to  44  ppm  B.  Tensile  testing  revealed  yieled  strengths 
in  the  range  from  462  to  546  Mpa,  and  ultimate  tensile 
strengths  from  638  to  869  Mpa.  The  weld  metal  Charpy 
V-notch  (CVN)  data  showed  a  35  J  transition  tempera- 
ture, ITT,  ranging  from  -28  to  55  C.  Upon  adding  boron, 
patches  of  intergranular  fracture  were  present  on  the 
CVN  fracture  surfaces.  This  was  particularly  true  when 
boron  was  added  at  the  higher  copper  and  nickel  lev- 
els. Qualitative  metallographic  examinations  revealed 
the  presence  of  extensive  amounts  of  particles  at  the 
prior  austenite  grain  boundaries  in  boron  containing 
welds.  Furthermore,  adding  boron  at  the  higher  copper 
and  nickel  levels  promoted  the  formation  of  the  MAC 
(martensite-austenite-carbide)  microconstituent.  Also 
nickel  seemed  to  promote  formation  of  MAC  in  re- 
heated weld  metal.  At  this  high  heat  input  (4.8  kJ/mm), 
additions  of  copper,  nickel  and  boron  did  not  improve 
the  mechanical  properties. 
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Using  ultrasonic-resonance  spectroscopy  (URS),  we 
measured  the  elastic  constant  C  and  companion  inter- 
nal friction  Q-1  of  isotropic  polycrystalline  copper.  The 
annealed  material  was  0.9999  pure  with  equiaxed 
heavily  twinned  grains  averaging  about  75  microm- 
eters diameter.  The  URS  method  offers  the  principal 
advantage  of  point  contact  or  loose  coupling,  thus 
there  was  no  contribution  from  a  transducer-specimen 
bond  and  only  small  contributions  from  transducers 
and  fixture.  A  second  advantage  is  one  measurement 
for  all  elastic  constants  and  all  associated  internal  fric- 
tions. The  C's  agree  with  established  values.  The  Q- 
1's  are  much  lower  than  pulse-echo-method  values. 
Comparison  of  measured  Q-1  with  the  Koehler- 
Granato-Lucke  model  permits  estimating  an  effective 
dislocation-loop  length.  Q-1  (shear)  exceeds  Q-1  (Lon- 
gitudinal) by  a  factor  of  about  1 .5. 
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The  two  most  common  Charpy  V-notch  striker  designs 
(8-mm  and  2-mm  radii  on  the  striking  edge)  were  com- 
pared using  verification  (reference-grade)  impact 
specimens.  Other  variables  in  the  test  matrix  included 
two  different  brands  of  U-type  pendulum  machines  and 
four  different  specimen  energy  ranges  (near  18,  45, 
100,  and  200  J).  In  this  comparative  study,  we  found 
a  very  small  difference  betwenn  the  two  striker  designs 
and  an  even  smaller  difference  between  the  two 
brands  of  machines.  At  200  J,  the  difference  between 
the  two  striker  designs  was  about  1 0  J.  This  difference 
might  not  be  important  in  most  production  testing,  but 
must  be  considered  in  verification  testing  where  the  ac- 
ceptable range  may  be  5  percent.  The  standard  devi- 
ations of  absorbed  energy  for  the  two  strikes  were  simi- 
lar, except  at  200  J  were  the  2-mm  striker  produced 
standard  deviations  about  3  times  higher  than  the  8- 
mm  striker. 
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The  vibrational  excitations  and  the  position  of  hydro- 
gen in  nanocrystalline  Pd  was  investigated  by  neutron 
spectroscopy.  This  study  was  restricted  to  low  hydro- 
gen concentrations  where  no  hydrogen  precipitation 
was  observed  at  room  temperature.  The  experiments 
show  that  most  of  the  hydrogen  is  incorporated  in  the 
grain  boundaries  and  at  the  inner  surfaces  of  the 
grains.  Surface  modes  of  the  hydrogen  can  be  identi- 
fied. Compared  to  coarse-grained  Pd,  no  change  in  the 
hydrogen  solubility  was  found  for  the  lattice  regions  of 
the  nanocrystalline  Pd. 
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This  paper  investigates  the  criterion  for  a  ductile-to- 
brittle  transition  in  materials,  due  to  nonlocal  shielding 
effects  at  the  crack  tip  when  the  dislocation  free  zone 
(DFZ)  size  is  small.  It  is  found  that  both  cleavage  and 
emission  criteria  are  altered  by  nonlocal  shielding,  but 
that  the  emission  shift  is  dominant,  and  is  always  in 
the  direction  to  increase  the  local  critical  stress  inten- 
sity for  emission,  klle.  The  nonlocal  shift  varies  with 
the  sum  sigma(gamma(sub  us)dj)  to  the  negative  3/2, 
over  each  dislocation  (j),  where  gamma(sub  us)  is  the 
unstable  stacking  fault  energy,  and  dj  is  the  distance 
from  each  dislocation  to  the  crack  tip.  When  there  is 
a  pileup  of  many  shielding  dislocations  against  a  bar- 
rier near  the  crack  tip,  the  total  shift  for  the  pileup  varies 
as  (gamma(sub  us)d)  to  the  minus  1  power.  The  most 
likely  candidates  for  a  brittle  transition  induced  by  the 
nonlocal  shift  are  materials  where  barriers  to  disloca- 
tion motion  exist  within  1 0- 1 00  nanometers  of  the  crack 
tip.  such  as  in  thin  films,  multilayers,  or  ultrafine  grain 
materials. 
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Possible  paths  for  the  constant  composition  coherent 
transformation  of  BCC  or  B2  high  temperature  phases 
to  low  temperature  HCP  or  Orthorhombic  phases  in  the 
Ti-AI-Nb  system  are  analyzed  using  a  sequence  of 
crystallographic  structural  relationships  developed 
from  subgroup  symmetry  relations.  Symmetry  ele- 
ments lost  in  each  step  of  the  sequence  determine  the 
possibilities  for  variants  of  the  low  symmetry  phase  and 
domains  that  can  be  present  in  the  microstructure.  The 
orientation  of  interdomain  interfaces  is  determined  by 
requiring  the  existence  of  a  strain-free  interface  be- 
tween the  domains. 
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Possible  transformation  paths  that  involve  no  long 
range  diffusion  and  their  corresponding  microstructural 
details  were  predicted  by  Bendersky,  Roytburd,  and 
Boettinger  for  Ti-AI-Nb  alloys  cooled  from  the  high  tem- 
perature BCC/B2  phase  field  into  close-packed 
orthorhombic  or  hexagonal  phase  fields.  These  pre- 
dictions were  based  on  structural  and  symmetry  rela- 
tions between  the  known  phases.  In  the  present  paper 
experimental  TEM  results  show  that  two  of  the  pre- 
dicted transformation  paths  are  indeed  followed  for  dif- 
ferent alloy  compositions. 
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The  present  work  is  a  review  of  the  substantial  effort 
that  has  been  made  to  measure  and  understand  the 
effects  of  corrosion  with  respect  to  the  properties,  per- 
formance, and  durability  of  various  forms  of  silicon  car- 
bide and  silicon  nitride.  The  review  encompasses  cor- 
rosion in  diverse  environments,  usually  at  tempera- 
tures of  1000  degrees  C  or  higher.  The  environments 
include  dry  and  moist  oxygen,  mixtures  of  hot  gaseous 
vapors,  molten  salts,  molten  metals,  and  complex  envi- 
ronments pertaining  to  coal  ashes  and  slags. 
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Microstructural  engineering  offers  a  means  of  reducing 
cycle  time  and  improving  product  quality  with  reduced 
energy  cost.  Process  modelling  of  hot-rolling  of  steel 
has  advanced  to  the  point  where  key  metallurgical  pa- 
rameters (e.g.  austenite  grain  size)  can  be  predicted 
from  computer  models  if  other  process  parameters 
such  as  temperature  are  known.  However,  a  need  still 
remains  to  develop  on-line  sensors  because  sensors 
can  rapidly  acquire  data  for  model  validation,  and  could 
be  combined  with  a  process  control  strategy  in 
feedforward  or  feedback  loops.  The  authors  report  a 
study  to  develop  an  on-line  sensor  for  autenite  grain 
size  measurement  at  temperatures  up  to  1 000  degrees 
C.  They  are  developing  a  system  for  measurement  of 
attenuation  in  ultrasonic  waves  propagating  through 
hot  steel  samples.  Existing  theories  allow  the  authors 
to  infer  grain  size  for  attenuation  measurement.  The 
authors'  system  consists  of  a  high  temperature  trans- 
ducer acoustically  coupled  to  a  high  strength,  low  loss 
buffer  rod.  The  rod  is  to  be  pressed  against  a  hot  steel 
specimen  sufficiently  good  contact  to  transmit 
ultrasound  into  the  specimen.  To  avoid  plastic  defor- 
mation of  the  specimen,  they  implement  computer  con- 
trol of  the  load  applied  to  the  buffer  rod.  Attenuation 
measurements  were  performed  at  room  temperature 
on  specimens  of  known  grain  size.  Good  agreement 
with  optically  measured  grain  size  was  obtained.  The 
system  is  now  being  assembled  for  measurement  at 
elevated  temperatures. 

03,374 

PB96-1 90236       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Boulder,  CO.  Materials  Reliability  Div. 

Aluminum-Lithium  Alloys:  Evaluation  of  Fracture 

Toughness  by  Two  Test  Standards,  ASTM  Method 

E  813  and  E  1304. 

Final  rept. 

P.  T.  Purtscher,  J.  D.  McColskey,  and  E.  S.  Drexler. 
1992,  21p. 

Pub  in  Standard  Technical  Publication  1172,  p110- 
130  1992. 

Keywords:  "Aluminum  lithium  alloys,  "Fracture  tough- 
ness, Standards,  Cryogenic  properties, 
Declaminations,  Reprints,  Alloy  221 9. 

Fracture  toughness  of  three  aluminum-lithium  alloys 
and  Alloy  2219  (a  total  of  nine  different  plates)  was 
measured  with  two  different  types  of  specimens  and 
methods:  (1)  compact  specimens  using  ASTM  E  813 
and  (2)  chevron-notched  short-bar  specimens  using 
ASTM  E  1304.  The  properties  were  measured  in  two 
orientations  (T-L  and  L-T)  and  at  three  temperatures 
(295,  76,  and  4  K).  In  general,  the  short-bar  specimens 
exhibited  a  higher  fracture  toughness  than  the  compact 
specimens.  The  difference  between  the  two  proce- 
dures was  relatively  constant,  independent  of  test  ori- 
entation and  strength.  However,  when  the  specimens 
exhibited  extensive  declamations  on  the  fracture  sur- 
face, the  compact  specimens  had  a  higher  fracture 
toughness  than  the  short  bar  specimens.  The  dif- 
ference in  fracture  toughness  measured  by  the  two 
procedures  is  explained  in  terms  of  the  alloys'  crack 
growth  behavior. 
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The  mechanical  properties  of  Al-Li  alloys  and  alloy 
2219  were  measured  in  the  through-thickness  direc- 
tion. The  toughness  was  evaluated  in  the  S-L  and  S- 
T  orientations  according  to  ASTM  Method  E  1304  with 
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chevron-notched  specimens,  13  mm  thick  and  19  mm 
wide.  The  test  temperatures  were  295,  76,  and  4  K. 
Each  alloy  was  tested  after  different  thermomechanical 
processing  to  vary  the  strength  at  a  given  temperature. 
The  ultimate  strength  for  all  the  materials  increased 
with  decreasing  test  temperature.  The  toughness  var- 
ied significantly  with  chemical  compositionn  and  aging 
treatment,  but  were  inconsistent  with  respsect  to  test 
temperature. 
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The  authors  have  characterized  the  evolution  of  cav- 
ities during  tensile  creep  of  a  Y203-hot  isostatically 
pressed  Si3N4,  using  precision  density  measure- 
ments, small  angle  x-ray  scattering  (SAXS)  and  trans- 
mission electron  microscopy  (TEM).  The  cavities  ae 
bimodally  distributed  in  size.  Lenticular,  200  nm-size 
cavities  are  common,  and  lie  primarily  on  two-grain 
boundaries.  Irregularly  shaped  500-1000  nm  size  cav- 
ities are  rare  and  lie  at  multi-grain  junctions,  but  com- 
prise approximately  half  of  the  total  volume  fraction  of 
cavities.  Although  the  material  shows  a  continuous  de- 
crease in  strain  rate  with  strain,  the  cavity  volume  frac- 
tion evolves  linearly  with  strain.  Cavities  account  for 
approximately  85%  of  the  total  strain  at  any  point  dur- 
ing creep. 
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A  potential  explanation  for  the  cleavage  fracture  of 
intermetallic  alloys  with  low  or  moderate  critical  re- 
solved shear  stress  (CRSS)  is  the  existence  of  an  en- 
ergy barrier  for  crack-tip  dislocation  emission,  as  de- 
scribed by  models  that  analyze  the  energetics  of  dis- 
location emission  from  crack  tips.  In  the  present  study, 
an  intermetallic  alloy  with  the  L1(2)  crystal  structure, 
AI67Cr8Ti25,  has  been  used  to  experimentally  assess 
th  predictions  of  the  Rice-Thomson  dislocation-emis- 
sion model.  The  assessment  is  performed  in  two  ways. 
First,  model  predictions  of  a  fracture  mode  transition 
at  elevated  temperature  are  compared  with  experi- 
mental results.  Bend  tests  performed  at  temperatures 
in  the  range  of  293  to  1061  K  reveal  that  the  fracture 
mode  of  AI67Cr8Ti25  changes  from  predominately 
cleavage  fracture  at  room  temperature  to  a  mixed 
mode  of  cleavage  and  intergranular  fracture  at  inter- 
mediate temperatures  and  then  to  predominantly 
intergranular  fracture  at  high  temperatures.  Second, 
model  predictions  of  the  effect  of  grain  orientation  on 
the  fracture  mode  are  compared  with  experimental  re- 
sults. 
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A  reliable  and  consistent  scheme  for  studying  phase 
equilibria  in  ternary  substitutional  alloys  based  on  the 
tight-binding  approximation  is  presented.  With  the 
electronic  parameters  obtained  from  linear  muffin-tin 
orbital  calculations,  the  authors  show  that  the  com- 
puted densities  of  states  and  band  structures  compare 
well  with  those  obtained  from  more  accurate  ab  initio 
calculations.  Disordered  alloys  are  studied  within  the 
tight-binding  coherent-potential  approximation  formal- 
ism extended  to  multi-component  alloys.  The 
energetics  of  ordered  systems  is  obtained  through  ef- 
fective-pair interactions  computed  with  the  general  per- 
turbation method.  Finally,  partially  ordered  alloys  are 
studied  with  a  novel  simplification  of  the  molecular  co- 
herent-potential approximation  combined  with  the  gen- 
eral perturbation  method. 
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An  automated  mercury  dilatometer  has  been  designed 
and  built  for  the  purpose  of  making  volume  change 
measurements  on  cylindrical  samples  subjected  to  tor- 
sional deformations.  In  its  current  configuration  the  in- 
strument takes  readings  of  torque,  normal  force  and 
volume  change  upon  application  of  a  twist  at  one  end 
of  the  sample.  Here  we  describe  the  instrument  and 
preliminary  measurements  on  epoxy  glasses  which 
have  been  equilibrated  by  annealing  near  to  the  glass 
transition.  Our  results  show  that  the  volume  of  the  sam- 
ple tested  at  temperatures  ranging  from  T(sub  g)-10 
to  T(sub  g)  increases  upon  application  of  a  torsional 
deformation.  This  result  is  contrary  to  results  reported 
in  the  literature  for  samples  tested  well  below  T(sub 
9). 
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The  thermal  degradation  of  two  network  copolymers  of 
methyl  methacrylate  was  studied  as  a  function  of  the 
chemical  nature  of  the  cross-linking  agent  and  the  fre- 
quency of  cross-links.  Unlike  the  linear  homopolymer, 
both  the  trimethylolpropane  triacrlylate  and 
trimethylolpropane  trimethacrylate  networks  were 
found  to  char  when  burned.  The  corresponding  deriva- 
tive thermograms  indicate  that  there  are  dramatic  dif- 
ferences in  the  thermal  degradation  of  these  polymers 
even  in  the  absence  of  oxygen.  These  differences  are 
interpreted  in  terms  of  a  simple  model  for  the  kinetics 
of  depolymerization. 
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Cylindrical  specimens  were  prepared  from  two  DGEBA 
+  amine-terminated  PPO  networks  of  different 
crosslink  density  and  subjected  to  quenching  and  iso- 
thermal aging  treatments  at  different  temperatures  and 
aging  times  in  the  range  from  0.1  to  1000  hours,  The 
changes  in  the  structure  of  the  glasses  during  the 
aging  towards  equilibrium  was  subsequently  assessed 
by  the  measurement  of  the  yield  stress  in  uniaxial  com- 
pression at  the  same  temperature  as  the  aging.  From 
the  influence  of  temperature  and  strain  rate  on  the 
above  phenomena,  the  kinetics  of  physical  aging  were 
examined  quantitatively  in  terms  of  the  time-aging 
time-temperature  equivalence  principle.  The  results 
suggest  that  the  increase  in  yield  stress  on  aging  is 
correlated  to  volume  recovery  and  to  the  induced  in- 
crease of  the  relaxation  times  as  the  polymeric  glass 
evolves  towards  its  equilibrium  state. 
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Torsional  dilatometry  was  used  to  examine  the  me- 
chanical properties  of  an  epoxy  glass  during  physical 
aging,  i.e.  after  a  quench  from  above  the  glass  transi- 
tion temperature  to  slightly  below  it.  Volume  changes 
in  the  sample  were  measured  simultaneously  with  the 
viscoelastic  responses  in  stress  relaxation  experi- 
ments as  functions  of  the  deformation  magnitude.  In 
this  epoxy,  the  torsional  deformations  induce  volume 
expansions  which  relax  on  a  time  scale  similar  to  those 
of  the  torque  relaxation.  Mechanical  stimuli  only  mo- 
mentarily disrupt  the  volume  evolution  following  a 
quench:  the  underlying  volume  recovery  kinetics, 
which  are  much  slower  than  the  mechanical  torque  or 
volume  relaxation,  remain  unaltered.  Both  the  inde- 
pendence of  t*  of  the  magnitude  of  the  strain  and  the 
fact  that  the  volume  recovery  after  a  quench  remains 
unaltered  in  spite  of  the  imposition  of  mechanical  de- 
formations support  the  argument  that  mechanical  stim- 
uli neither  alter  the  underlying  (nonequilibrium)  thermo- 
dynamic state  of  the  glass  nor  erase  physical  aging. 
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We  present  torsional  dilatometry  experiments  to  simul- 
taneously measure  torque  relaxation  and  volume  re- 
covery in  an  epoxy  glass  quenched  from  above  its 
glass  transition  temperature  to  below  it.  Two  strain  his- 
tories are  employed:  one  with  strains  of  equal  sizes 
and  a  second  where  small  strains  follow  a  large  one. 
The  baseline  for  the  thermally  induced  volume  recov- 
ery is  insensitive  to  intermittent  torsional  strains  whose 
magnitude  can  be  well  into  the  non-linear  regime.  The 
torque  relaxations  from  equal  intermittent  mechanical 
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stimuli  can  be  superposed  by  a  time-aging  time  shift 
in  a  way  that  indicates  fast  changes  cease  to  occur 
at  approximately  10,000  seconds  after  the  quench,  a 
'mechanical  equilibration'  time.  Stimuli  of  different 
sizes  can  confound  superposition  via  nonlinear  effects, 
but  do  not  affect  the  ultimate  volume  recovery  of  the 
glass  or  its  mechanical  equilibration  time.  Our  results 
show  the  signature  of  rejuvenation;  however,  this  may 
result  from  the  nonlinear  response  of  the  material  in 
a  nonisochoric  strain  history.  Our  data  firmly  show  that 
mechanical  stimuli  do  not  erase  aging  or  rejuvenate 
this  epoxy. 
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An  epoxy  glass  was  studied  via  torsional  dilatometry 
to  test  the  'rejuvenation'  hypothesis,  i.e.  that  large  de- 
formations retard  physical  aging.  For  example,  reju- 
venation predicts  that  samples  subjected  to  deforma- 
tions after  a  quench  to  below  Tg  will  contract  more 
slowly  than  those  quenched  without  subsequent  defor- 
mations. The  model  further  implies  that  the  mechanical 
properties  should  evolve  more  slowly  toward  equi- 
librium when  deformations  are  imposed  during  aging. 
Our  torsional  dilatometry  tests  both  premises:  Simulta- 
neous measurements  of  volume  recovery  and  torque 
relaxation  suggest  that  the  application  or  large  defor- 
mations does  not  directly  influence  the  physical  aging 
process.  However,  we  do  observe  an  interesting  effect: 
the  equilibration  time  based  on  the  time  required  for 
the  mechanical  properties  to  cease  evolving  is  at  least 
one  order  of  magnitude  shorter  than  that  evidenced  by 
the  volume  recovery  measurements. 
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Water  absorbed  by  nylons  appears  to  be  partitioned 
into  interlamellar  and  interfibrillar  spaces.  The  amount 
of  water  in  the  interfibrillar  region  remains  essentially 
unchanged  with  increasing  draw  ratio,  whereas  that  in 
the  interlamellar  regions  decreases  with  draw  ratio;  the 
latter  accounts  for  the  decrease  in  the  water  uptake 
in  the  drawn  fibers.  These  results  suggest  that  the 
amount  of  the  amorphous  material  in  the  interfibrillar 
regions  remains  unchanged  during  drawing,  and  the 
increase  in  the  crystallinity  during  drawing  results  from 
the  incorporation  of  the  amorphous  chain  segments  in 
the  interlamellar  regions  into  the  crystalline  lamellae. 
Further,  the  interfibrillar  water  is  more  tightly  bound 
than  the  interlamellar  water.  The  length  of  the  longitu- 
dinal channels  into  which  water  diffuses  is  about  the 
same  as  that  of  the  fibrils,  and  increases  from  ca.  1 500 
to  2000  A  upon  drawing.  The  longitudinal  channels  are 
highly  oriented  even  in  undrawn  fibers,  and  their 
(Disorientation  increases  from  5  degrees  to  15  degrees 
upon  drawing.  These  channels  can  be  described  as 
surface  fractals  of  dimension  3.4-3.6. 
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Standard  Reference  Material  (SRM)  1921  is  a  matte 
finish  polystyrene  film  and  is  intended  for  use  in  cali- 
brating the  wavelength  scale  of  spectrophotometers  in 
the  infrared  (IR)  spectral  region  from  545.49  cm  exp(- 
1)  to  3082.19  cm  exp(-1)  (18.332  micrometers  to 
3.2445  micrometers).  Thirteen  absorption  peak  posi- 
tions obtained  using  a  center-of-gravity  method  are 
certified.  The  expanded  uncertainty  value  associated 
with  these  peak  values  are  between  0.06  cm  exp(-1) 
and  0.66  cm  exp(-1),  except  for  1.84  at  2850.13  cm 
exp(-1)  and  12.29  at  545.49  cm  exp(-1).  This  publica- 
tion describes  the  IR  spectrophotometer,  instrument 
calibration,  SRM  material,  measurement  procedure, 
calibration  of  polystyrene  films,  and  uncertainty  deter- 
mination. 
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An  overview  of  flow-induced  structures  in  polymers  is 
presented  and  recent  references  to  research  in  the 
areas  of  polymer  solutions,  homopolymer  melts,  poly- 
mer blends,  block  copolymers  and  multi-component 
systems,  and  liquid  crystalline  polymers  are  given.  The 
research  area  of  flow-induced  structures  in  polymers 
has  expanded  with  the  advent  of  in-situ  measuring 
techniques.  Studies  of  this  type  are  useful  for  probing 
fundamental  issues  such  as  chain  deformation,  shifts 
in  phase  behavior,  and  the  formation  of  novel  shear- 
induced  structures.  The  applications  addressed  in- 
clude the  kinetics  of  morphology  evolution  and  the  rela- 
tionship between  ultimate  properties  and  morphology. 
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A  polystyrene  (PS)  and  polybutadiene  (PB)  blend 
(50:50  by  weight)  dissolved  in  dioctyl  phthalate  (DOP) 
(8%  total  polymer  by  weight)  was  subjected  to  a  two- 
step  shear  quench  with  a  delay  time  between  the  two 
shear  rates  examine  the  phase  separation  kinetics  by 
light  scattering.  The  time  dependence  of  the  peak  max- 
imum position,  qm,  and  the  intensity  of  the  peak  maxi- 
mum, l(qm),  were  measured.  The  growth  rate  after 
cessation  from  the  second  shear  rate  was  unaffected 
by  the  delay  time.  The  mechanism  for  the  coarsening 
parallel  to  flow  was  coupled  to  the  extent  of  coarsening 
which  occurred  normal  to  the  flow  direction  during  the 
second  shear  rate. 
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Various  flammability  properties  of  polycarbonate  sam- 
ples were  measured  with  the  cone  calorimater  and  lat- 
eral ignition  and  flame  spread  (LIFT)  devices  at  various 
external  fluxes.  Four  different  sample  mountings  were 
used  with  the  cone  calorimeter  to  investigate  the  ef- 
fects of  sample  mounting  on  the  flammability  prop- 
erties of  these  samples.  The  mounting  configurations 
allowed  the  intumesced  char  to  rise  free.  The  results 
show  that  peak  heat  release  rate  curves  were  signifi- 
cantly affected  by  the  sample  mounting  configuration 
but  total  heat  released,  effective  heat  of  combustion, 
and  soot  yield  were  not  significantly  affected  by  the 
sample  mounting  configuration  but  total  heat  released, 
effective  heat  of  combustion,  and  soot  yield  were  not 
significantly  affected.  Tow  sample  mounting  configura- 
tions were  used,  the  standard  method  and  the  stand- 
ard method  with  the  addition  of  a  wire  grid  to  retain 
intumesced  char.  Significant  differences  in  flame 
spread  rates  were  observed  between  the  two  sample 
mounting  configurations  with  and  without  the  grid. 
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Today's  microelectronics  products  rely  heavily  on  the 
use  of  polymeric  materials;  whether  to  package  and 
protect  the  integrated  circuit  or  to  manufacture  printed 
wiring  boards  and  assemblies.  In  this  work,  NIST  is 
pursuing  a  three-pronged  strategy  to  improve  the  qual- 
ity of  measurement  techniques  and  resulting  data  for 
characterizing  the  out-of-plane,  or  z-axis,  coefficient  of 
thermal  expansion  (CTE)  of  polymer  films.  The  strat- 
egy consists  of  effecting  evolutionary  improvements  in 
commonly  used  measurement  techniques  and  stand- 
ards for  measuring  CTE  using  the  thermomechanical 
analyzer  (TMA),  introducing  revolutionary  improve- 
ments in  measuring  CTE  by  developing  and  applying 
a  new  NIST  capacitance  technique  that  has  vastly  im- 
proved sensitivity  and  accuracy  over  the  TMA  or  exist- 
ing capacitance-based  approaches,  and  utilizing  X-ray 
reflectivity  measurements  to  understand  the  behavior 
of  ultra-thin  polymer  films  (50  to  1000A). 
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A  mean-field  lattice  model  is  used  to  investigate  some 
possible  aspects  of  the  low-temperature  behavior  of  a 
lower  critical  solution  temperature  (LCST)  polymer 
blend  made  miscible  by  a  dilute  distribution  of  a  hydro- 
gen-bonding comonomer.  The  nature  of  the  binding 
interaction  is  examined  for  both  a  random  comonomer 
distribution  and  for  the  case  of  identically  end-modified 
chains.  For  the  latter  case,  competition  between  the 
interaction  responsible  for  the  immiscibility  of  the 
homopolymer  components  and  the  attraction  due  to 
hydrogen  bonding  leads  to  a  stable  intermediate 
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phase.  For  random  distributions,  polydispersity  in  the 
binding  interaction  restricts,  this  intermediate  phase  to 
an  extremely  narrow  window  in  reduced  temperature, 
consistent  with  a  'smeared'  transition.  The  free-energy 
landscape  contains  local  minima  separated  by  energy 
barriers. 
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The  effect  of  finite  size  on  the  solidification  of  o- 
terphenyl  and  benzyl  alcohol  confined  in  model  con- 
trolled pore  glass  (CPG)  materials  is  described.  These 
two  organic  liquids  form  either  amorphous  glasses  or 
crystalline  solids  in  the  bulk  upon  cooling,  depending 
on  the  rate  of  cooling  and  other  factors.  The  solidifica- 
tion behavior  of  the  liquid  in  the  pores  was  studied  as 
a  function  of  pore  diameter  (4-73  nm),  chemical  sur- 
face treatment  of  the  CPG  and  the  degree  of  pore  fill- 
ing, by  differential  scanning  calorimetry  (DSC).  The  au- 
thors observe  that  the  glass  transition  Tg,  shifts  to  a 
lower  temperature  as  pore  size  decreases.  This  shift 
is  independent  of  the  degree  of  pore  filling  for  both  o- 
terphenyl  and  benzyl  alcohol,  suggesting  that  a  reduc- 
tion in  bulk  density  or  a  negative  pressure  effect  is  not 
the  cause  of  the  observed  shift.  The  crystallization  be- 
havior of  o-terphenyl  and  benzyl  alcohol  is  also  altered 
by  confinement  and  strongly  depends  on  the  pore  size 
and  degree  of  pore  filling. 
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In  order  to  influence  the  compressive  strength  of  the 
rigid  rod  polymeric  fibers,  methyl  pendent  poly  (p- 
phenylene  benzodisthiazole)  fibers  have  been  heat 
treated  in  the  400  to  550  degrees  C  temperature  range 
in  air  and  in  nitrogen  for  varying  times  to  achieve 
intermolecular  crosslinking.  These  fibers  have  been 
examined  using  Fourier  transform  infrared  (FTIR) 
spectroscopy,  (13)C  solid-state  nuclear  magnetic  reso- 
nance (NMR)  swelling  behavior,  and  scanning  electron 
microscopy.  (13)C  NMR  has  also  been  carried  out  on 
solutions  of  as-spun  fibers.  Fibers  heat-treated  at  400 
degrees  C,  both  in  nitrogen  and  in  air,  up  to  heat-treat- 
ment times  of  60  min  are  insoluble  in  99% 
chlorosulfonic  acid,  however,  no  direct  evidence  of 
crosslinking  has  been  obtained  for  these  fibers  using 
spectroscopic  techniques,  suggesting  that  in  these  fi- 
bers the  degree  of  crosslinking  must  be  very  low.  Evi- 
dence that  methyl  groups  are  precursors  to  certain 
crosslinks  was  first  seen  via  a  weak  methylene  reso- 
nance in  (13)C  solid  state  NMR,  corresponding  to 
about  2%  of  the  the  original  methyl  intensity,  in  a  sam- 
ple heat-treated  at  450  degrees  C  in  air. 
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Small-angle  neutron  scattering  was  used  to  observe 
the  relaxation  of  the  structure  factor  from  a  smaller  to 
a  larger  fluctuation  state  after  a  temperature  jump  with- 
in the  one-phase  region  of  a  miscible  polymer  blend. 
The  blend  studied  is  a  60/40  by  weight  mixture  of  a 
hydrogen  bonded  polymer  blend  which  consists  of 
hydroxy  modified  dueterated  polystyrene  and 
poly(butylmethacrylate).  A  peak  clearly  evolved  during 
the  transition  from  the  initial  state  at  Ti  to  the  final  state 
at  Tf  as  predicted  by  linear  as  well  as  nonlinear  theo- 
ries. This  relaxation  process,  which  took  more  than  10 
h,  could  be  represented  reasonably  well  by  a  simple 
linear  approximation  of  the  Chn-Hilliard-Cook  (CHC) 
theory  without  involving  nonlinear  calculations  for  the 
evolution  of  the  dynamic  structure  factor.  The  meas- 
urement offers  an  alternative  method  for  estimating  the 
order  parameter  relaxation  rate  in  the  one-phase  re- 
gion. Also,  this  demonstrates  experimentally  the  cor- 
rect relaxation  (to  a  higher  fluctuation  state)  mecha- 
nism predicted  by  the  linear  theory  of  CHC  type. 
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The  kinetics  of  phase  separation  in  thin  polymer  blend 
films  of  polystyrene  and  polybutadiene  on  a  silicon 
substrate  is  examined  by  optical  microscopy  of  the  free 
film  boundary.  The  observations  on  1000  and  200 
Angstroms  films  are  consistent  with  a  crossover  from 
three-  to  two-dimensional  spinodal  decomposition  ki- 
netics in  the  (off-critical)  viscous  hydrodynamic  regime. 
In  this  stage  of  phase  separation  the  exponent  n,  char- 
acterizing the  scale  R(t)  approximately  tn  of  the  coars- 
ening pattern,  is  predicted  to  change  from  1  to  a  value 
near  0.46  upon  lowering  the  dimensionality. 
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Polymers  can  be  formed  into  a  wide  range  of  structures 
depending  on  the  monomer  chemistry  and  the  kinetic 
conditions  of  growth.  A  general  model  of  polymers 
have  higher-order  connectivity  is  introduced  that  re- 
duces to  flexible  linear  polymers,  membranes,  and 
sponges  as  special  cases.  This  'Wiener  sheet'  model, 
which  extends  the  conventional  Wiener  path  model  of 
linear  polymers,  is  argued  to  describe  various  classes 
of  branched  polymers,  as  well  as  different  types  of 
interacting  random  surfaces.  For  example,  lattice  ani- 
mals and  percolation  clusters  are  considered  to  be  per- 
forated sheets  whose  large-scale  dimensions  are  de- 
scribed by  the  Wiener  sheet  model  with  excluded  vol- 
ume interactions.  To  within  the  approximations  of  the 
model  calculations,  the  properties  of  the  Wiener  sheet 
'membrane'  are  consistent  with  this  correspondence. 
The  influence  of  the  excluded  volume  and  the  kinetics 
of  growth  of  membrane  and  sponge  structures  are 
treated  at  a  Flory-level  approximation,  although  the 
Wiener  sheet  model  should  admit  to  a  renormalization- 
group  treatment  as  in  the  case  of  linear  polymers.  Pre- 
dictions of  the  self-interacting  Wiener  sheet  model  are 
contrasted  with  an  alternative  and  complementary  ran- 
dom surface  model  introduced  by  Nelson  and  co-work- 
ers and  are  compared  with  recent  simulations  and  ex- 
periment. 
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Radiance  temperatures  (at  six  wavelengths  in  the 
range  51 9-906  nm)  of  tungsten  at  its  melting  point  were 
measured  by  a  pulse-heating  technique.  The  method 
is  based  on  rapid  resistive  self-heating  of  the  specimen 
from  room  temperature  to  its  melting  point  in  less  than 
1  s;  and  on  simultaneously  measuring  the  specimen 
radiance  temperatures  every  0.5  ms  with  a  high-speed 
six-wavelength  pyrometer.  Melting  was  manifested  by 
a  plateau  in  the  radiance  temperature  versus  time 
function  for  each  wavelength.  The  melting-point  radi- 
ance temperatures  for  a  given  specimen  were  deter- 
mined by  averaging  the  measured  temperatures  along 
the  plateau  at  each  wavelength.  The  melting-point  radi- 
ance temperatures  for  tungsten  were  determined  by 
averaging  the  results  at  each  wavelength  for  10  speci- 
mens (standard  deviation  in  the  range  0.5-1.1K,  de- 
pending on  the  wavelength)  as  follows:  3319  K  at  519 
nm,  3236  K  at  615  nm,  3207  K  at  652  nm,  3157  K  at 
707  nm,  3078  K  at  808  nm,  and  2995  K  at  906  nm. 
Based  on  estimates  of  the  random  and  systematic  er- 
rors arising  from  pyrometry  and  specimen  conditions, 
the  total  uncertainty  in  the  reported  values  is  about  + 
or  -  7  K  at  653  nm  and  +  or  -  8  K  at  the  other  wave- 
lengths. 
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The  literature  data  on  normal  spectral  emissivity  of  se- 
lected high-temperature  metals  at  their  melting  points 
are  reviewed.  This  study  is  motivated  by  recent  results 
published  by  a  major  laboratory  which  show  a  common 
wavelength-independent  behavior  for  the  emissivity  (in 
the  wavelength  range  500-1,000  nm)  of  several  high- 
temperature  metals  (including  V,  Nb,  Mo,  Ta,  and  W) 
at  their  melting  points.  Based  on  the  present  study  of 
accurate  data  for  Ni,  Ti,  V,  Nb,  Mo,  Ta,  and  W  reported 
in  the  literature,  it  is  concluded  that  the  normal  spectral 
emissivity  of  these  high-temperature  metals  at  their 
melting  points  is  not  constant  but  decreases  with  in- 
creasing wavelength  in  the  range  400-1 ,000  nm. 
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The  orientation  distributions  of  six  tantalum  samples, 
TaPA,  TaG1,  TaG2,  TaQ2-S1,  TaQ2-S2  and  TaQ2- 
S4,  were  studied  by  neutron  diffraction  and  ODF  analy- 
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sis.  The  TaPA  specimen  is  a  commercial  tantalum 
sheet  with  an  unknown  fabrication  history.  The  TaG1 
and  TaG2  were  fabricated  from  a  powder  metallurgical 
ingot  by  uniaxial  compression,  and  the  TaQ2  type  sam- 
ples were  fabricated  from  commercial  stock  by  similar 
uniaxial  forging.  TaQ2-S1  is  the  section  closest  to  the 
center  of  the  forged  disc,  S2  is  the  intermediate  sec- 
tion, and  S4  is  the  section  adjacent  to  the  periphery. 


03,400 

PB94-216686       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg.  MD.  Thermophysics  Div. 
Measurement  of  the  Heat  of  Fusion  of  Tungsten  by 
a  Microsecond-Resolution  Transient  Technique. 
Final  rept. 

J.  L.  McClure,  and  A.  Cezairliyan.  1993,  7p. 
Sponsored  by  National  Aeronautics  and  Space  Admin- 
istration, Washington,  DC. 

Pub.  in  International  Jnl.  of  Thermophysics  14,  n3 
p449-455  1 993. 

Keywords:  'Heat  of  fusion,  "Refractory  metals,  'Pulse 
heating,  "Tungsten,  High  temperature,  Melting,  Tran- 
sients, Reprints. 

A  microsecond-resolution  pulse-heating  technique  was 
used  for  the  measurement  of  the  heat  of  fusion  of  tung- 
sten. The  method  is  based  on  rapid  (100  to  125 
microseconds)  resistive  self-heating  of  a  specimen  by 
a  high-current  pulse  from  a  capacitor  discharge  system 
and  measuring  current  through  the  specimen  and  volt- 
age across  the  specimen  as  functions  of  time.  Melting 
of  a  specimen  is  manifested  by  changes  in  the  slope 
of  the  electrical  resistance  versus  time  function.  The 
time  integral  of  the  power  absorbed  by  a  specimen  dur- 
ing melting  yields  the  heat  of  fusion.  Measurements 
gave  a  value  of  48.7  kJ/mol  for  the  heat  of  fusion  of 
tungsten  with  an  estimated  maximum  uncertainty  of  + 
or  -  6%.  The  electrical  resistivity  of  solid  and  liquid 
tungsten  at  its  melting  temperature  was  also  meas- 
ured. 
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The  Rietveld  profile  refinement  method  is  probably  the 
most  popular  technique  used  for  the  crystallographic 
characterization  of  materials  including  crystal  struc- 
tures and  phase  analysis,  but  it  has  been  used  mostly 
with  ideal  powder  sample,  not  with  textured 
polycrystals,  because  effects  of  strong  and  complex 
textures.  Most  technological  materials  are  fabricated 
by  using  thermo-mechanical  forming  processes,  which 
inevitably  produce  strong  and  complex  preferential  ori- 
entations of  the  crystallites.  Consequently,  the  diffrac- 
tion patterns  of  a  given  technological  material  are  not 
unique  but  vary  considerably  with  the  measuring  direc- 
tion, with  intensity  variations  as  large  as  factors  of  hun- 
dreds, depending  on  the  degree  of  texture.  Part  I  of 
this  study  describes  the  determination  of  the  orienta- 
tion distribution  function  (ODF)  and  its  application  to 
the  Rietveld  profile  refinement  of  the  highly  textured 
tungsten  sample.  Part  II  demonstrates  the  application 
of  the  Rietveld  method  to  the  quantitative  analysis  of 
the  austempered  ductile  irons. 
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The  Standard  pertains  to  softwood  lumber.  It  estab- 
lishes standard  sizes  and  requirements  for  develop- 
ment and  coordination  of  the  lumber  grades  of  the  var- 
ious species,  the  assignment  of  design  values  when 
called  for,  and  the  preparation  of  grading  rules  applica- 
ble to  each  species.  It  provides  for  implementation  of 
the  Standard  through  an  accreditation  and  certification 
program  to  assure  uniform  industry-wide  grade  mark- 
ing and  inspection.  It  establishes  principal  trade  classi- 
fications and  lumber  sizes  for  yard,  structural,  factory 
and  shop  use  and  provides  for  the  classification,  meas- 
urement, grading  and  grade  marking  of  rough  and 
dressed  sizes  of  lumber  items.  Terms  and  procedures 
are  defined  to  provide  a  basis  for  the  use  of  uniform 
methods  in  the  grading,  inspection,  measurement,  and 
description  of  softwood  lumber.  It  also  includes  the  or- 
ganization and  functions  of  the  American  Lumber 
Standard  Committee,  the  Board  of  Review,  and  the 
National  Grading  Rule  Committee.  Commercial  names 
of  the  principal  softwood  species,  definitions  of  terms 
used  in  describing  standard  grades  of  lumber  and  com- 
monly used  industry  abbreviations  are  also  provided. 
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The  importance  of  energy  release  rate  in  a  fire  is  illus- 
trated. Two  ways  are  identified  to  calculate  rate  of  heat 
release  in  compartment  fires  from  wood  products  used 
as  interior  finish:  (1 )  use  of  detailed  mathematical  mod- 
els of  wood  pyrolysis  and  combustion;  (2)  use  of  exper- 
imental bench-scale  rate  of  heat  release  data.  Avail- 
able wood  pyrolysis  models  are  briefly  reviewed.  The 
second  option  is  looked  at  in  more  detail.  Rate  of  heat 
release  data  is  presented  and  analyzed  for  22  different 
wood  products  which  were  tested  on  the  NIST  Cone 
Calorimeter  over  the  past  6  years.  The  experimental 
data  cover  two  orientations,  a  range  of  irradiance  lev- 
els, conditioned  and  oven  dried  samples  and  wood 
species  covering  a  wide  range  of  densities.  Oven  dry 
density  is  used  as  the  key  independent  variable  to  ana- 
lyze the  data.  Some  important  conclusions  are  drawn 
concerning  the  influence  of  density,  conditioning,  irra- 
diance and  specimen  orientation  on  the  rate  of  heat 
release.  Further  analysis  and  more  data  are  required 
to  confirm  the  results  and  to  provide  an  answer  to  the 
questions  which  could  not  be  resolved. 
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The  speed  of  ultrasound  is  approximately  330  m/sec 
in  air  and  1500  m/sec  in  water.  Many  materials  exhibit 
surface-acoustic-wave  velocities  in  the  300-1500  ml 
sec  range.  For  this  reason,  air  appears  to  be  the  ideal 
coupling  fluid  for  exciting  and  detecting  flexural  waves, 
which  are  generally  slower  than  surface  acoustic 
waves,  and  shear  waves.  Air  coupling  may  also  be 
ideal  for  launching  and  detecting  the  quasi-longitudinal 
plate  wave  in  materials  which  can  exhibit  very  low  lon- 
gitudinal phase  velocities,  such  as  balsa  wood  (800  ml 
sec).  In  this  paper,  we  describe  an  experimental,  air- 
coupled,  ultrasonic  measurement  system  that  can  be 
used  to  study  the  propagation  of  MHz  signals  in  wood- 
en plates  ranging  in  thickness  from  3mm  to  25mm. 
Also,  we  report  experimental  measurements  of  the  am- 


plitude of  through-transmitted,  narrow-band,  0.5  MHz 
signals  as  a  function  of  the  angle  of  incidence  for  dif- 
ferent grain  orientations. 
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National  Institute  of  Standards  (NIST)  Handbook  150- 
9  presents  the  technical  requirements  of  the  National 
Voluntary  Laboratory  Accreditation  Program  (NVLAP) 
for  Wood  Based  Products.  It  is  intended  for  information 
and  use  by  staff  of  accredited  laboratories,  those  lab- 
oratories seeking  accreditation,  other  laboratory  ac- 
creditation systems,  users  of  laboratory  services,  and 
others  needing  information  on  the  requirements  for  ac- 
creditation under  the  Wood  Based  Products  program. 
The  publication  supplements  NIST  Handbook  150, 
NVLAP  Procedures  and  General  Requirements,  which 
contains  Part  285  of  Title  15  of  the  U.S.  Code  of  Fed- 
eral Regulations  (CFR)  plus  all  general  NVLAP  proce- 
dures, criteria,  and  policies. 
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The  Standard  pertains  to  construction  and  industrial 
plywood.  It  provides  requirements  for  the  principal 
types  and  grades,  and  it  covers  wood  species,  veneer 
grading,  glue  bonds,  panel  construction  and  workman- 
ship, dimensions  and  tolerances,  grade  marking,  mois- 
ture content,  and  packing  of  plywood  intended  for  con- 
struction and  industrial  uses.  It  includes  test  methods 
to  determine  product  compliance  and  a  glossary  of 
trade  terms  and  definitions.  A  quality  certification  pro- 
gram and  information  regarding  reinspecting  practices 
are  also  provided.  The  Standard,  a  revision  of  Vol- 
untary Product  Standard  PS  1-83,  Construction  and  In- 
dustrial Plywood,  was  developed  by  the  Standing 
Committee  for  Voluntary  Product  Standard  PS  1-83  in 
accordance  with  procedures  of  the  U.S.  Department  of 
Commerce. 


MATHEMATICAL 
SCIENCES 


General 

03,407 

DE95017761        PC  A03/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 


400 


MATHEMATICAL  SCIENCES 
Algebra,  Analysis,  Geometry,  &  Mathematical  Logic 


Report  of  the  Federal  Internetworking  Require- 
ments Panel. 
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The  Federal  Internetworking  Requirements  Panel 
(FIRP)  was  established  by  the  National  Institute  of 
Standards  and  Technology  (NIST)  to  reassess  Federal 
requirements  for  open  systems  networks  and  to  rec- 
ommend policy  on  the  Government's  use  of  networking 
standards.  The  Panel  was  chartered  to  recommend  ac- 
tions which  the  Federal  Government  can  take  to  ad- 
dress the  short  and  long-term  issues  of  interworking 
and  convergence  of  networking  protocols-particularly 
the  Internet  Protocol  Suite  (IPS)  and  Open  Systems 
Interconnection  (OSI)  protocol  suite  and,  when  appro- 
priate, proprietary  protocols.  The  Panel  was  created  at 
the  request  of  the  Office  of  Management  and  Budget 
in  collaboration  with  the  Federal  Networking  Council 
and  the  Federal  Information  Resources  Management 
Policy  Council.  The  Panel's  membership  and  charter 
are  contained  in  an  appendix  to  this  report. 


Algebra,  Analysis,  Geometry,  & 
Mathematical  Logic 

03.408 

PB94-1 52725       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (CAML), 

Gaithersburg,  MD. 

Growth  Surface  for  the  Slopes  at  the  Boundary  of 
a  Polygon. 

J.  Bernal.  Feb  94,  22p,  NISTIR-5344. 

Keywords:  "Computational  geometry,  Polygons, 
Slopes,  Algorithms,  Fortran,  Theorems,  Voronoi  dia- 
grams, Growth  surfaces. 

In  this  paper,  we  describe  the  growth  surface  for  the 
slopes  at  the  boundary  of  a  polygon,  and  present  a 
brute  force  algorithm  for  computing  it. 
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Approximation  of  absolutely  continuous  measures  of 
maps  of  the  interval  and  the  closely  related  tasks  of 
computing  Lyapunov  exponents  and  metric  entropy 
are  accomplished  in  principle  by  iterating  the  map  to 
produce  a  sufficiently  long  trajectory.  There  is  an  alter- 
native approach  based  on  approximating  the  fixed 
point  of  the  Frobenius-Perron  operator.  The  authors 
present  a  Monte-Carlo  implementation  of  the  original 
piecewise  constant  method  proposed  by  Ulam.  This 
method  has  the  advantage  of  not  requiring  explicit 
evaluation  of  the  elements  of  the  approximate 
Frobenius-Perron  operator.  Convergence  rates  of 
Ulam's  method  and  some  recently  proposed  higher 
order  variants  are  discussed.  Finally  Ulam's  scheme 
is  used  to  estimate  the  leading  Lyapunov  exponent  of 
a  one  dimensional  map  with  an  absolutely  continuous 
measure. 
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We  describe  a  method  for  carrying  out  a  computation 
of  the  entropy  function  of  the  invariant  set  of  a  particu- 
lar class  of  maps.  We  illustrate  the  method  for  the  case 
of  the  quadratic  and  the  Feigenbaum  map.  Elementary 
consequences  of  the  symbolic  dynamics  associated 
with  a  map  f  lead  to  an  algorithm  that  is  a  novel  applica- 
tion of  the  Monte  Carlo  method.  To  sample,  we  use 
the  fact  that  the  salient  features  of  the  thermodynamic 
properties  of  the  map  are  captured  by  its  symbolic  dy- 
namics. In  the  symbolic  domain,  samples  are  chosen 
by  manipulating  character  strings,  rather  than  by  per- 
forming floating-point  calculations.  Therefore,  exact 
symbolic  answers  can  be  obtained  by  purely 
combinatorial  methods.  These  symbolic  answers  then 
provide  a  recipe  for  performing  high-precision  numeri- 
cal computations. 
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A  boundary  integral  method  for  the  solution  of  a  time- 
dependent  free-boundary  problem  in  a  two-dimen- 
sional, multiply-connected,  exterior  domain  is  de- 
scribed. The  method  is  based  on  an  iterative  solution 
of  the  resulting  integral  equations  at  each  time  step, 
with  the  initial  guesses  provided  by  extrapolation  from 
previous  time  steps.  The  method  is  related  to  a  tech- 
nique discussed  by  Baker  for  the  study  of  water  waves. 
The  discretization  is  chosen  so  that  the  solvability  con- 
ditions required  for  the  exterior  Dirichlet  problem  do  not 
degrade  the  convergence  rate  of  the  iterative  solution 
procedure.  Consideration  is  given  to  the  question  of 
vectorizing  the  computation.  The  method  is  applied  to 
the  problem  of  the  coarsening  of  two-dimensional  par- 
ticles by  volume  diffusion. 
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An  algorithm  is  developed  for  the  construction  of  an 
invariant  torus  of  a  weakly  coupled  autonomous  oscil- 
lator. The  system  is  put  into  angular  standard  form. 
The  determining  equations  are  found  by  averaging  and 
are  solved  for  the  approximate  amplitudes  of  the  torus. 
A  perturbation  series  is  then  constructed  about  the  ap- 
proximate amplitudes  with  unknown  coefficients  as 
periodic  functions  of  the  angular  variables.  A  sequence 
of  solvable  partial  differential  equations  is  developed 
for  determining  the  coefficients.  The  algorithm  is  ap- 
plied to  a  system  of  nonlinearly  coupled  van  der  Pol 
equations  and  the  first  order  coefficients  are  generated 
in  a  straightforward  manner.  The  approximation  shows 
both  good  numerical  accuracy  and  reproducibility  of 
the  periodicities  of  the  van  der  Pol  system.  A  compara- 
tive analysis  of  integrating  the  van  der  Pol  system  with 
integrating  the  phase  equations  from  the  angular 
standard  form  on  the  approximate  torus  shows  numeri- 
cal errors  of  the  order  of  the  perturbation  parameter 
epsilon  =  0.05  for  integrations  of  up  to  10,000  steps. 
Applying  fast  Fourier  transforms  (FFT)  to  the  numerical 
periodicities  generated  by  integrating  the  van  der  Pol 
system  near  the  torus  reveals  the  same  predominant 
frequencies  found  in  the  perturbation  coefficients.  Fi- 


nally an  expected  rotation  number  is  found  by  integrat- 
ing the  phase  equations  on  the  approximate  torus. 
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The  problem  of  estimating  the  eigenvalues  lambda  of 
the  equation  (second  derivative  of  psi  with  respect  to 
x)  +  (lambda)f(xjpsi(x)  =  0,  where  f(x)  is  smooth  and 
positive  in  the  closed  interval  (0,l)  and  the  imposed 
boundary  conditions  are  psi(0)  =  psi(l)  =  0  is  revisited. 
Two  methods,  the  Wentzel-Kramers-Brillouin  (WKB) 
method  and  Langer's  method,  which  until  very  recently 
has  been  virtually  ignored,  are  compared.  The  vari- 
ational principle  further  improves  the  accuracy  of  the 
eigenvalues.  The  results  obtained  when  the  WKB  and 
Langer's  results  are  used  as  trial  functions  with  the 
variational  principle  are  also  compared.  Results  are 
given  in  tabular  form. 
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The  effect  of  noise  on  the  possible  occurrence  of  chaos 
in  systems  with  a  homoclinic  orbit  (e.g.,  the  Duffing 
equation)  was  recently  considered  by  Bulsara, 
Schieve,  and  Jacobs  (Phys.  Rev.  A  41,  668  (1990)), 
and  Schieve  and  Bulsara  (Phys  Rev.  A  41,  1172 
(1990)),  who  adopted  an  approach  based  on  a  redefini- 
tion of  the  Melnikov  function.  We  show  that  this  redefi- 
nition is  unsatisfactory  and  leads  to  incorrect  results. 
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In  this  paper,  we  further  develop  an  algorithm  by 
Bernal,  De  Floriani,  and  Puppo,  for  inserting  a  line  seg- 
ment into  a  Constrained  Delaunay  triangulation.  The 
new  version  of  the  algorithm  inserts  the  line  segment 
in  exactly  the  same  manner  in  which  the  old  version 
does  but  has  the  additional  capability  that  it  does  not 
delete  the  triangles  intersected  by  the  line  segment  but 
transforms  them  through  edge-swapping.  A  3-dimen- 
sional  version  of  the  algorithm  without  the  optimization 
step  for  the  Delaunay  property  is  also  presented  for 
attempting  to  insert  a  line  segment  into  a 
tetrahedralization.  It  is  shown  that  for  certain  cases  the 
failure  of  the  3-dimensional  algorithm  to  insert  a  line 
segment  is  an  indication  that  it  can  not  be  done.  Fi- 
nally, 3-dimensional  problems  that  can  be  approached 
algorithmically  as  2-dimensional  problems  are  identi- 
fied. 
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Keywords:  "Partial  differential  equations,  Fast  Fourier 
transforms,  Image  processing,  Banach  space,  Numeri- 
cal stability,  Numerical  solution,  Computation,  Re- 
prints, "Image  deblurring,  III  posed  problems,  Holder 
continuity,  SECB  constant,  Tikhonov-Miller  regulariza- 
tion. 

Many  ill-posed  continuation  problems  in  partial  dif- 
ferential equations  obey  a  logarithmic  convexity  in- 
equality and  can  be  stabilized  in  an  appropriate 
Banach  space  by  imposing  an  a  priori  bound  on  the 
solutions.  The  present  paper  analyzes  the  effects  of 
prescribing  a  physically  mutivated  supplementary  con- 
straint, the  so-called  slow  evolution  from  the  continu- 
ation boundary  (SECB)  constraint.  When  the  SECB 
constraint  is  applicable,  there  results  an  improved  sta- 
bility estimate.  This  theoretical  result  is  valid  for  a  large 
class  of  ill-posed  continuation  problems.  The  computa- 
tional significance  of  this  result  is  demonstrated  in  the 
latter  half  of  the  paper.  An  important  class  of  image 
deblurring  problems  is  reformulated  as  a  backwards- 
in-time  continuation  problem  for  a  generalized  diffusion 
equation.  A  quadratic  functional  on  L(sup  2)(R(sup  2)) 
is  constructed  for  which  the  SECB  deblurred  image  is 
the  unique  minimizer.  An  explicit  formula  is  then  ob- 
tained for  SECB  restoration  in  the  Fourier  transform 
domain,  leading  to  a  fast,  practical,  numerical  restora- 
tion procedure  involving  fast  Fourier  transform  (FFT) 
algorithms.  For  a  512  X  512  image,  SECB  restoration 
requires  about  20  seconds  of  cpu  time  on  current 
desktop  workstations. 
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Higher  transcendental  functions  continue  to  play  varied 
and  important  roles  in  investigations  by  engineers, 
mathematicians,  scientists  and  statisticians.  The  pur- 
pose of  this  paper  is  to  assist  in  locating  useful  approxi- 
mations and  software  for  the  numerical  generation  of 
these  functions,  and  to  offer  some  suggestions  for  fu- 
ture developments  in  this  field. 
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A  new  a-priori  constraint  sharply  reduces  noise  con- 
tamination in  ill-posed  continuation  problems.  One  ap- 
plication concerns  a  significant  class  of  image 
deblurring  problems  that  can  be  formulated  as  ill-posed 
time-reversed  parabolic  initial  value  problems. 
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A  system's  frequency  response  can  be  estimated  from 
measurements  of  its  step  response;  however,  many 
error  sources  affect  the  accuracy  of  such  estimates. 
This  paper  investigates  the  effects  of  incertainty  in  the 
knowledge  of  the  step  response.  Methods  for  estab- 
lishing uncertainty  bounds  for  the  frequency  response 
estimates  are  developed,  based  on  the  corresponding 
time-domain  uncertainties  associated  with  the  step-like 
waveform.  Two  methods  are  described.  One  is  a  prov- 
able upper  bound  that  is  often  very  conservative.  The 
other  is  more  realistic,  but  it  is  based  on  an  unproved 
conjecture.  End  effects  that  influence  the  bounds  are 
also  considered.  A  simulated  example  of  the  bounds 
is  presented. 
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In  previous  work,  methods  have  been  developed  for 
efficient  testing  of  components  and  instruments  that 
are  based  on  models  of  these  units.  These  methods 
allow  for  the  full  behavior  of  these  units  to  be  predicted 
from  a  small  but  efficient  set  of  test  measurements. 
Such  methods  can  significantly  reduce  the  testing  cost 
of  such  units  by  reducing  the  amount  of  testing  re- 
quired. But  these  methods  are  valid  only  as  long  as 
the  model  accurately  represents  the  behavior  of  the 
units.  Previous  papers  on  this  subject  described  many 
methods  for  developing  accurate  models  and  using 
them  to  develop  efficient  test  methods.  However,  they 
gave  little  consideration  to  the  problem  of  testing  units 
which  change  their  behavior  after  the  model  has  been 
developed,  for  example,  as  a  result  of  changes  in  the 
manufacturing  process.  Such  changed  behavior  is  re- 
ferred to  as  nonmodel  behavior  or  nonmodel  error. 
When  units  with  this  new  behavior  are  tested  with 
these  more  efficient  methods,  their  predicted  behavior 
can  show  significant  deviations  from  their  true  behav- 
ior. This  paper  describes  how  to  analyze  the  data  taken 
at  the  reduced  set  of  measurements  to  estimate  the 
uncertainty  in  the  model  predictions,  even  when  the 
device  has  significant  nonmodel  error.  Results  of  sim- 
ulation are  used  to  verify  the  accuracy  of  the  estimates 
and  to  show  the  expected  variation  in  the  results  for 
many  modeling  variables. 
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Symmetric  level-index  arithmetic  was  introduced  to 
overcome  recognized  limitations  of  floating-point  sys- 
tems, most  notably  overflow  and  underflow.  The  origi- 
nal recursive  algorithms  for  arithmetic  operations  could 
be  parallelized  to  some  extent,  particularly  when  ap- 
plied to  extended  sums  of  products,  and  a  SIMD  soft- 
ware implementation  of  some  of  these  algorithms  is 
described.  The  main  purpose  of  this  paper  is  to  present 
parallel  SLI  algorithms  for  arithmetic  and  basic  linear 
algebra  operations. 
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A  new  class  of  quadrature  rules  for  the  integration  of 
both  regular  and  singular  functions  is  constructed  and 
analyzed.  For  each  rule  the  quadrature  weights  are 
positive  and  the  class  includes  rules  of  arbitrarily  high 
order  convergence.  The  quadratures  result  from  alter- 
ations to  the  trapezoidal  rule,  in  which  a  small  number 
of  nodes  and  weights  as  the  ends  of  the  integration 
interval  are  replaced.  The  new  nodes  and  weights  are 
determined  so  that  the  asymptotic  expansion  of  the  re- 
sulting rule,  provided  by  a  generalization  of  the  Euler- 
Maclaurin  summation  formula,  has  a  prescribed  num- 
ber of  vanishing  terms.  The  superior  performance  of 
the  rules  is  demonstrated  with  numerical  examples  and 
application  to  several  problems  is  discussed. 
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In  the  paper,  complex  variable  residue  theory  is  used 
to  arrive  at  an  exact  infinite  series  solution  to  the  Ep- 
stein-Hubbell integral.  This  method  of  solution  is 
differnet  from  those  used  to  derive  previous  solutions 
to  the  Epstein-Hubbell  integral,  but  produces  exactly 
equivalent  results.  Several  sets  of  numerical  data  are 
included  that  verify  the  results.  Additional  information 
on  the  improvement  of  convergence  will  be  forthcom- 
ing at  a  later  date. 
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The  authors  discuss  the  heap,  a  data  structure  that  al- 
lows one  to  keep  track  of  the  maximum  or  minimum 
dynamically. 
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angulation. 

This  report  contains  two  submissions  to  a  prospective 
Encyclopedia  of  Operations  Research.  The  first  sub- 
mission covers  an  entry  on  'Computational  Geometry'. 
The  second  submission  addresses  both  the  Voronoi 
Diagram  and  its  dual,  the  Delaunay  triangulation,  and 
is  therefore  termed  the  'Voronoi/Delaunay  Construct'. 
The  latter  plays  such  an  important  role  in  Computa- 
tional Geometry  and  has  so  many  potential  applica- 
tions in  Operations  Research,  that  a  separate  entry  ap- 
pears justified.  Both  submissions  refer  to  other  entries 
which  may  be  included  in  the  planned  Encyclopedia. 
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Interior  point  algorithms  to  solving  linear  programming 
problems  are  considered.  The  techniques  are  derived 
from  a  continuous  version  of  Huard's  method  of  cen- 
ters that  yields  a  family  of  trajectories  in  the  feasible 
region  that  all  converge  to  an  optimal  solution.  The  tan- 
gential direction  of  these  trajectories  is  the  dual  affine 
direction.  Deficiencies  in  some  of  these  trajectories  are 
discussed,  and  the  need  to  recenter  is  argued.  Several 
new  algorithms  that  use  the  dual  affine  direction  and 
a  recentering  direction  in  a  multi-direction  approach 
are  then  derived.  The  most  promising  of  these  algo- 
rithms is  based  on  minimizing  the  cost  function  on  a 
sequence  of  two-dimensional  cross  sections  of  the  fea- 
sible region.  Numerical  results  are  presented. 
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Controversy  often  surrounds  the  reporting  of  results 
from  scientific  experimentation.  Guidelines  for  the  re- 
porting of  the  results  of  experimentation  have  helped 
to  reduce  some  common  errors  and  to  clarify  some  is- 
sues for  all  concerned.  As  experience  grows  in  new 
areas,  such  as  the  reporting  of  the  results  of  computa- 
tional experiments,  it  is  natural  to  attempt  to  update 
and  revise  the  guidelines  to  stimulate  further  discus- 
sion and  to  improve  the  reporting  of  results.  In  this  spir- 
it, the  Council  of  the  Mathematical  Programming  Soci- 
ety asked  the  Committee  on  Algorithms  (COAL)  to  re- 
consider the  existing  guidelines  and  to  offer  extensions 
and  modifications  as  deemed  necessary.  The  prolifera- 
tion of  powerful  desktop  workstations,  micro- 
computers, mainframes,  supercomputers,  and  novel 
machines  with  some  form  of  parallel  architecture,  will 
continue  to  place  increasing  pressure  on  developers 
of  algorithms  to  support  their  ideas  with  the  results  of 
computational  experiments.  Our  hope  is  that  we  can 
supply  a  document  that  authors,  editors,  and  referees 
can  agree  upon,  and  one  that  can  provide  a  solid  basis 
for  the  presentation  of  results. 
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Dynamic  programming  is  a  modeling  technique  used 
for  the  decision  making  process.  This  method  can  be 
used  to  find  the  set  of  nondominated  paths  in  a  network 
with  time  dependent  vector  costs.  In  this  report  a  dy- 
namic programming  algorithm  and  its  implementation 
are  discussed.  An  application  to  a  fire  egress  problem 
is  also  included. 
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We  have  been  working  on  a  particular  class  of  interior 
point  methods  for  solving  linear  programming  prob- 
lems for  several  years.  Our  methods  combine  several 
search  directions  that  are  readily  computed  at  each  it- 
eration. The  final  step  is  then  calculated  by  computing 
the  step  that  solves  the  original  problem  restricted  to 
the  subspace  spanned  by  these  several  directions.  In 
this  paper  we  propose  an  extension  of  these  ideas  to 
the  case  of  convex  quadratic  programming. 
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Many  optimization  algorithms  generate,  at  each  iter- 
ation, a  pair  (l(sub  K),  H(sub  K))  consisting  of  an  ap- 
proximation to  the  solution  l(sub  K)  and  a  Hessian  ma- 
trix approximation  H(sub  K)  that  contains  local  second- 
order  information  about  the  problem.  Much  is  known 
about  the  convergence  of  l(sub  K)  to  the  solution  of 
the  problem,  but  relatively  little  is  known  about  the  be- 
havior of  the  sequence  of  matrix  approximations.  The 
sequence  H(sub  K),  generated  by  the  extended 
Broyden  class  of  updating  schemes  independently  of 
the  optimization  setting  in  which  they  are  used,  is  ana- 
lyzed. Various  conditions  under  which  convergence  is 
assured  are  derived,  and  the  structure  of  the  limits  is 
delineated.  Rates  of  convergence  are  also  obtained. 
These  results  extend  and  clarify  those  already  in  the 
literature. 
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The  move-to-root  (MTR)  heuristic  is  a  self-organizing 
rule  which  attempts  to  keep  a  binary  search  tree  in 
near-optimal  form.  It  is  a  tree  analogue  of  the  well-stud- 
ied move-to-front  (MTF)  scheme.  The  authors  study  a 
Markov  move-to-root  (MMTR)  model,  where  the  se- 
quence of  record  requests  is  a  Markov  chain,  and  ana- 
lyze several  characteristics  of  the  tree  chain,  including 
the  stationary  distribution,  eigenvalues,  and  stationary 
expected  search  cost. 
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These  27  manuscripts  make  up  Volume  III  of  the  Pro- 
ceedings of  the  National  Institute  of  Standards  and 
Technology  (NIST)  Conference  on  Extreme  Value 
Theory.  They  have  been  selected  for  their  important 
contribution  to  a  number  of  specialized  topics.  Partial 
Contents:  On  the  Record  Values  from  Univariate  Dis- 
tributions; Composite  Sampling  and  Extreme  Values; 
Extremal  Sojourn  Times  for  Markov  Chains;  Extreme 
Analysis  of  Wave  Pressure  and  Corrosion  for  Struc- 
tural Life  Prediction;  The  Point-Process  Approach  to 
the  Directional  Analysis  of  Extreme  Wind  Speeds;  Ap- 
proximate Extreme  Value  Analysis  for  a  Rigid  Block 
Under  Seismic  Excitation;  Large  Deviations  for  Order 
Statistics;  Extreme  Values  in  Business  Interruption  In- 
surance. 
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We  study  the  effect  of  additive  noise  on  near-integrable 
second-order  dynamical  systems  whose  unperturbed 
flows  have  homoclinic  or  heteroclinic  orbits.  The  noise 
is  represented  by  a  type  of  Shinozuka  stochastic  proc- 
ess capable  of  arbitrarily  closely  approximating 
Gaussian  noise  with  any  specified  spectrum.  We  de- 
rive a  formula  for  the  flux  factor  applicable  for  any  as- 
ymptotic mean  stationary  excitation.  This  derivation 
shows  that,  to  first  order,  the  effect  of  the  external  exci- 
tation on  the  system  is  mediated  by  a  linear  filter  asso- 
ciated with  the  system  homoclinic  or  heteroclinic  orbit. 
It  also  shows  that  the  stationary  mean  distribution  of 
the  filtered  excitation  determines  the  average  phase 
space  flux.  This  is  true  for  both  random  and 
nonrandom  excitations  and  indicates  that,  for  the  dy- 
namical systems  considered  here,  these  two  classes 
of  excitation  play  substantially  equivalent  roles  in  the 
promotion  of  chaos. 
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Tolerance  Intervals  for  the  Distribution  of  True  Val- 
ues in  the  Presence  of  Measurement  Errors. 
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A  tolerance-interval  procedure  for  a  distribution  is  de- 
rived based  on  mutually  independent  statistics.  Appli- 
cation to  the  construction  of  tolerance  intervals  for  the 
distribution  of  true  values  when  observations  are  con- 
taminated with  measurement  errors  is  explained.  This 
includes  the  problem  of  constructing  tolerance  inter- 
vals in  some  growth-curve  models.  Numerical  exam- 
ples are  given  to  illustrate  the  procedures. 
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In  this  article,  we  develop  new  procedures  for  obtaining 
approximate  confidence  intervals  on  linear  combina- 
tions of  the  expected  mean  squares.  The  proposed  ap- 
proximations are  indexed  by  a  'tuning'  constant.  By 
choosing  the  appropriate  constant,  which  can  be  easily 
determined  from  data,  we  show  that  the  proposed 
methods  produce  confidence  intervals  that  maintain 
the  stated  confidence  level.  Numerical  examples  com- 
pare the  performance  to  other  approximations. 
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In  this  article,  we  develop  new  procedures  for  obtaining 
approximate  confidence  intervals  on  positive  linear 
combinations  of  the  expected  mean  squares.  The  pro- 
posed approximations,  in  many  cases,  are  the  weight- 
ed average  of  liberal  and  conservative  confidence  lim- 
its. By  choosing  the  appropriate  weight,  which  can  be 
easily  determined  from  data,  we  show  that  the  pro- 
posed methods  produce  confidence  intervals  with  con- 
fidence coefficients  very  close  to  the  stated  level.  Nu- 
merical examples  compare  the  performance  to  other 
approximations. 
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The  among  variance  component  is  the  balanced  one- 
factor  nested  components-of-variance  model  is  of  in- 
terest in  many  fields  of  application.  Expect  for  an  artifi- 
cial method  that  uses  a  set  of  random  numbers  which 
is  of  no  use  in  practical  situations,  an  exact-size  con- 
fidence interval  on  the  among  variance  has  not  yet 
been  derived.  This  paper  provides  a  detailed  compari- 
son of  three  approximate  confidence  intervals  which 
possess  certain  desired  properties  and  have  been 
shown  to  be  the  better  methods  among  many  available 
approximate  procedures.  Specifically,  the  minimum 


and  the  maximum  of  the  confidence  coefficients  for  the 
one-  and  two-sided  intervals  of  each  method  are  ob- 
tained. The  expected  lengths  of  the  intervals  are  also 
compared. 
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A  principal  component-based  method  of  selecting  a 
few  representative  curves  from  a  large  collection  of 
curves  was  previously  proposed.  We  suggest  a  solu- 
tion based  on  estimation  of  principal  points. 
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Calibration,  in  the  sense  of  inverse  regression,  is  wide- 
ly used  in  measurement  science  and  other  applica- 
tions. For  univariate  regression  models,  simultaneous 
calibration  intervals  enable  one  to  construct  confidence 
intervals  for  the  unobserved  values  of  the  independent 
variable  corresponding  to  an  unlimited  sequence  of  fu- 
ture observations  of  the  dependent  variable.  The  inter- 
vals considered  have  the  interpretation  that  if  the  initial 
training  sample  belongs  to  a  specified  set  G  of  'good' 
outcomes,  the  conditional  coverage  probability  for 
each  future  confidence  interval  will  be  at  least  the 
nominal  value.  The  set  G  is  constructed  to  occur  with 
high  probability.  All  methods  for  constructing  calibra- 
tion intervals  currently  in  the  literature  are  conservative 
in  that  they  are  obtained  from  simultaneous  tolerance 
intervals  for  which  the  actual  confidence  level  exceeds 
the  nominal  level.  This  work  develops  constant-width 
simultaneous  tolerance  intervals  tor  which  the  bound 
on  the  nominal  coverage  probabilities  is  exact  under 
normality.  The  resulting  confidence  intervals  represent 
an  attractive  balance  between  efficiency  and  simplicity 
for  linear  calibration  problems. 
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It  appears  that  the  authors  live  in  an  age  of  disasters: 
the  Mississippi  and  the  Missouri  rivers  flood  millions 
of  acres,  earthquakes  hit  Tokyo  and  California,  air- 
planes crash  due  to  mechanical  failure,  and  powerful 
windstorms  cause  increasingly  costly  damage.  While 
these  may  seem  to  be  unexpected  phenomena  to  the 
man  in  the  street,  they  are  actually  happening  accord- 
ing to  well  defined  rules  of  science  known  as  extreme 
value  theory.  The  Proceedings  are  published  in  three 


Volumes.  Volume  I,  published  by  Kluwer  Academic 
Publishers,  contains  papers  of  general  interest  in  ex- 
treme value  theory  and  practice.  Volume  II,  this  Special 
Issue  of  the  NIST  Journal  of  Research,  contains  pa- 
pers deemed  by  the  Committee  to  be  most  directly  rel- 
evant to  NIST's  mission.  Volume  III,  NIST  Special  Pub- 
lication 866,  contains  papers  selected  for  their  impor- 
tant contribution  to  a  number  of  specialized  topics.  Ap- 
plications considered  in  Volume  II  include  damage  be- 
cause of  ocean  waves,  high  winds,  seismic  waves,  ion- 
izing radiation,  floods,  and  corrosion. 
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In  errors-in-variables  models,  confidence  sets  (or  inter- 
vals) for  the  key  parameters  with  finite  diameter  and 
with  asymptotic  coverage  probabilities  greater  than 
some  nominal  level  1  -alpha  have  been  constructed.  Do 
these  sets  have  good  coverage  probabilities  for  any 
fixed  sample  size.  The  answer  may  be  no.  In  fact,  in 
these  models,  any  finite  diameter  confidence  sets  have 
zero  minimum  coverage  probability,  no  matter  how 
large  the  sample  size  is  as  long  as  it  is  fixed.  The  re- 
sults apply  to  various  models,  including  most  linear  and 
nonlinear  errors-in-variables  and  inverse  regression 
problems.  Sequential  approach  appears  to  lie  in  be- 
tween fixed-sample  and  asymptotic  approaches.  It 
seems  to  be  interesting  to  investigate  whether  it  is  pos- 
sible to  construct  good  sequential  confidence  sets.  In 
the  paper,  we  focus  on  the  errors-in-variables  models 
and  show  that  the  answer  is  negative  for  K-stage,  for 
any  finite  positive  interger  K,  sequential  sampling. 
However,  the  answer  is  positive  for  fully  sequential 
sampling. 
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We  present  the  first  three  exact  moments  of  the  sym- 
metric quartic  assignment  statistic.  Efficient  computa- 
tional formulas  have  been  derived  to  overcome  severe 
difficulties  in  third  moment  calculations.  Two  examples 
illustrate  applications  of  the  quartic  assignment  statis- 
tic: evaluation  of  significant  'clustering'  or  'mixing';  and 
distribution-free  tests  for  equality  of  several  planar  re- 
gression models.  This  article  extends  previous  results 
on  the  cubic  assignment  statistic  in  Iyer  and  Vecchia 
(1989). 
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Examples  illustrate  that  splitting  a  symmetric,  unimodal 
distribution  into  two  groups  so  as  to  minimize  the  sum 
of  the  within-group  variances  does  not  always  occur 
at  the  mean.  Strong  unimodality  is  shown  to  be  a  suffi- 
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cient  condition  for  the  optimal  outpoint  to  occur  at  the 
mean. 
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Least  squares  is  perhaps  the  most  widely  used  tech- 
nique for  model  fitting.  In  this  article,  we  illustrate  the 
poor  performance  of  least  squares  when  there  are  spu- 
rious values,  or  outliers,  in  a  sequence  of  measure- 
ments. A  brief  overview  of  three  well-known  classes 
of  robust  alternatives  to  the  least-squares  mean  is  pre- 
sented. For  robust  regression,  a  recent  proposal  called 
least  median  of  squares  (LMS)  is  described.  LMS  re- 
gression is  compared  to  least-squares  regression  in  an 
example  involving  the  estimation  of  optical  fiber  geom- 
etry. References  are  provided  for  software  that  is  avail- 
able for  robust  estimation  techniques  surveyed  in  this 
article. 
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The  statistical  techniques  used  by  Taguchi  to  imple- 
ment parameter  design  have  been  the  subject  of  much 
debate,  however,  and  there  has  been  considerable  re- 
search aimed  at  integrating  the  parameter-design  prin- 
ciples with  well-established  statistical  techniques.  On 
the  other  hand,  Taguchi  and  his  colleagues  feel  that 
these  research  efforts  by  statisticians  are  misguided 
and  reflect  a  lack  of  understanding  of  the  engineering 
principles  underlying  Taguchi's  methodology.  This 
panel  discussion  provides  a  forum  for  a  technical  dis- 
cussion of  these  diverse  views.  A  group  of  practitioners 
and  researchers  discuss  the  role  of  parameter  design 
and  Taguchi's  methodology  for  implementing  it.  The 
topics  covered  include  the  importance  of  variation  re- 
duction, the  use  of  noise  factors,  the  role  of  inter- 
actions, selection  of  quality  characteristics,  signal-to- 
noise  ratios,  experimental  strategy,  dynamic  systems, 
and  applications.  The  discussion  also  provides  an  up- 
to-date  overview  of  recent  research  on  alternative 
methods  of  design  and  analysis. 
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Principal  points  and  self-consistent  points  are  cluster 
means  of  a  distribution  and  represent  a  generalization 
of  the  population  mean  from  one  to  several  points. 
Principal  points  and  self-consistent  points  are  studied 
for  a  class  of  strongly  symmetric  multivariate  distribu- 
tions. Elliptical  distributions  belong  to  the  class  of 
strongly  symmetric  distributions.  Several  results  are 
given  for  principal  points  and  self-consistent  points  of 


strongly  symmetric  multivariate  distributions.  One  re- 
sult relates  self-consistent  points  to  principal  compo- 
nent subspaces.  Another  result  provides  a  sufficient 
condition  for  any  set  of  self-consistent  points  lying  on 
a  line  to  be  symmetric  to  the  mean  of  the  distribution. 
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This  document  is  an  obituary  for  Churchill  Eisenhart, 
1913-1994. 
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This  article  examines  a  simple  and  intuitively  appealing 
way  to  estimate  variance  components  in  mixed  mod- 
els: perform  as  many  ordinary  least  squares  regres- 
sions as  there  are  variance  components,  using  dummy 
variables  for  all  but  one  random  effect  in  each  regres- 
sion. By  equating  these  residual  sums  of  squares  to 
their  expectations,  unbiased  estimates  of  all  of  the  vari- 
ance components  can  be  obtained.  This  approach  is 
a  special  case  of  Method  3  of  Henderson  (1953).  For 
a  class  of  'nearly  balanced'  nested  mixed  models,  hav- 
ing no  interactions  involving  both  fixed  and  random  ef- 
fects, the  exact  distributions  (under  normality)  of  resid- 
ual sums  of  squares  are  derived. 
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Lower  confidence  limits  on  lower  tail  quantiles  of  a  pop- 
ulation of  material  strength  measurements  are  rou- 
tinely used  to  characterize  the  strength  of  a  material, 
particularly  in  air  craft  design.  Composite  materials 
typically  exhibit  considerable  between-batch  variability, 
so  that  the  approach  discussed  in  this  article  could 
have  important  applications.  For  example,  if  three 
batches  of  five  specimens  each  are  tested  at  each  of 
four  temperatures,  and  it  is  desired  to  determine  as  a 
function  of  temperature  a  lower  confidence  limit  on  the 
tenth  percentile  of  the  population  corresponding  to  the 
strength  of  a  specimen  chosen  at  random  from  a  ran- 
domly selected  batch,  then  the  proposed  methodology 
could  be  applied. 


03,450 

PB97-1 18707       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CAML), 
Gaithersburg,  MD.  Statistical  Engineering  Div. 
Developing  Measurement  for  Experimentation. 

Final  rept. 

W.  Liggett.  1996,  26p. 

Pub.  in  Statistics  in  Quality,  Chapter  10,  p1 79-204 
1996. 

Keywords:  "Experimental  design,  "Measurement, 
"Sensitivity,  "Selectivity,  Multivariate  analysis,  Analysis 


of  variance,  Accuracy,  Estimating,  Statistical  analysis, 
Statistical  inference,  Reprints,  "Homoscedasticity. 

Measurement  consists  of  producing,  for  each  unit 
measured,  a  response  related  to  the  unit  property  in 
question.  The  response  may  be  multivariate.  Develop- 
ment of  a  measurement  system  entails  experiments  in- 
volving responses  obtained  from  sets  of  test  units,  with 
each  set  consisting  of  nearly  identical  units.  These  ex- 
periments require  a  variety  of  statistical  approaches, 
which  this  chapter  brings  together. 
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The  workshop  was  held  5-7  July  1993  at  the  Center 
for  Advanced  Research  in  Biotechnology  (CARB)  and 
hosted  by  the  University  of  Maryland  Biotechnology  In- 
stitute (UMBI)  and  the  National  Institute  of  Standards 
and  Technology  (NIST).  The  objective  of  this  workshop 
was  to  bring  together  individuals  interested  in  DNA 
technologies  and  to  determine  the  impact  of  these  cur- 
rent and  potential  improvements  of  the  speed  and  cost- 
effectiveness  of  mapping  and  sequencing  on  the  plan- 
ning of  future  small  genome  projects.  A  major  goal  of 
the  workshop  was  to  spur  the  collaboration  of  more  di- 
verse groups  of  scientists  working  on  this  topic,  and 
to  minimize  competitiveness  as  an  inhibitory  factor  to 
progress. 
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Artificial  lipid  vesicles  (liposomes)  provide  an  in  vitro 
approach  for  microencapsulating  calcium  phosphate 
precipitation  reactions  in  a  manner  similar  to  that  which 
occurs  in  matrix  vesicles,  the  initial  loci  for  extracellular 
mineralization  in  many  skeletal  tissues.  Apatitic 
precipitates  readily  form  within  the  aqueous  interiors 
of  liposomes  prepared  from  phosphatidycholine, 
dicetylphosphate,  and  cholesterol  when  the  liposomal 
membranes  enclosing  pH  7.4  buffered  P04  solutions 
are  made  permeable  to  external  Ca2+  with 
ionophores.  If  the  external  Ca  solution  is  rendered  met- 
astable  with  P04,  the  apatitic  precipitates  rapidly  ex- 
pand to  outside  the  liposomes  as  well.  The  present 
paper  describes  the  basic  features  of  liposomal  min- 
eralization and  presents  some  specific  examples  on 
how  compositional  alterations  in  the  liposomal  mem- 
brane and  external  Ca  solution  can  affect  the  progress 
of  this  mineralization. 
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Small-angle  X-ray  scattering  (SAXS)  was  used  to  de- 
termine the  binding  of  Ga,  U,  and  Pt  to  Pseudomonas 
fluorescens  in  aqueous  buffer.  Atomic  absorption 
spectrophotometry  was  used  to  quantify  the  heavy 
metals  during  bulk  analysis,  whereas  transmission 
electron  microscopy  of  whole  mounts  and  thin  sections 
was  used  to  determine  the  locations  of  the  cell-bound 
metal  precipitates,  as  well  as  their  sizes  and  physical 
structures.  Energy-dispersive  X-ray  spectroscopy  con- 
firmed the  compositions  and  identities  of  the 
precipitates  and  helped  show  that  they  were  associ- 
ated primarily  with  the  envelope  layers  of  the  bacteria. 
Unlike  Ga  and  Pt,  which  were  located  only  at  the  cell 
surface,  U  was  also  found  intracellularly  in  approxi- 
mately 10%  of  the  cells.  The  cytoplasmic  location  ulti- 
mately killed  and  lysed  the  cells.  Surface-bound  Ga 
and  U  were  spread  over  the  entire  cell  envelope  (outer 
membrane-peptidoglycan-plasma  membrane  com- 
plex), whereas  Pt  was  associated  only  with  the 
lipopolysaccharide-rich,  external  face  of  the  outer 
membrane.  SAXS  confirmed  these  data  and  showed 
that  the  bacteria  were  metal-enshrouded  particles  that 
were  1.0  to  1.5  micrometers  in  diameter.  SAXS  also 
provided  a  statistically  significant  representation  of  the 
bound  metal  precipitates,  which  ranged  in  size  from  10 
nm  to  1  micrometers.  The  correlation  between  the  mi- 
croscopic data  and  the  scattering  data  was  extremely 
good.  Since  SAXS  is  performed  in  an  aqueous  milieu, 
it  yields  a  more  representative  picture  of  the  physical 
state  of  the  metal  bound  to  cell  surfaces. 
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In  a  biochemical  reaction  there  is  generally  a  change 
in  the  binding  of  hydrogen  ions  and  metal  ions.  There- 
fore, calorimetric  measurements  of  enthalpies  of  reac- 
tion have  to  be  adjusted  for  the  enthalpies  of  reaction 
of  the  hydrogen  ions  and  metal  ions  produced  or 
consumed  with  the  buffer.  It  can  be  shown  that  this 
yields  the  standard  transformed  enthalpy  of  reaction 
that  determines  the  change  in  the  apparent  equilibrium 
constant  (written  in  terms  of  sums  of  concentrations  of 
species  of  a  reactant)  with  temperature  at  the  chosen 
pH  and  concentration  of  free  metal  ion.  The  derivations 
are  based  on  the  assumption  that  the  changes  in  pH 
and  free  metal  ion  concentrations  in  the  calorimetric 
experiment  are  small.  This  assumption  is  experi- 
mentally realized  if  a  solution  is  well  buffered  for  hydro- 
gen and  metal  ions.  The  derived  equations  are  dis- 
cussed in  terms  of  the  implications  they  have  for  the 
performance  and  interpretation  of  calorimetric  meas- 
urements. 
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The  binding  of  heparin  to  human  antithrombin  III  (ATI II) 
was  investigated  by  titration  calorimetry  (TC)  and  dif- 
ferential scanning  calorimetry  (DSC).  TC  measure- 
ments of  homogeneous  high-affinity  pentasaccharide 
and  octasaccharide  fragments  of  heparin  in  0.02  M 
phosphate  buffer  and  0.15  M  sodium  chloride  (pH  7.3) 
yielded  binding  constants  of  (7.1  +  or  -  1.3)  times  10 
to  the  fifth  power/M  and  (6.7  +  or  -  1.2)  times  10  to 
the  sixth  power/M,  respectively,  and  corresponding 
binding  enthalpies  of  -48.3  +  or  -  0.7  and  -54.4  +  or 

-  5.4  kJ/mol.  The  binding  enthalpy  of  heparin  in  phos- 
phate buffer  (0.02  M,  0.15  M  NaCI,  pH  7.3)  was  esti- 
mated from  TC  measurements  to  be  -55  +  or  -  10  kJ/ 
mol,  while  the  enthalpy  in  Tris  buffer  (0.02  M,  0.15  M 
NaCI,  pH  7.3)  was  -18  +  or  -  2  kJ/mol.  The  heparin- 
binding  affinity  was  shown  by  fluorescence  measure- 
ments not  to  change  under  these  conditions.  The  3- 
fold  lower  binding  enthalpy  in  Tris  can  be  attributed  to 
the  transfer  of  a  proton  from  the  buffer  to  the  heparin- 
ATIII  complex.  DSC  measurements  of  the  ATI  1 1  unfold- 
ing transition  exhibited  a  sharp  denaturation  peak  at 
329  +  or  -  1  K  with  a  van 't  Hoff  enthalpy  of  951  +  or 

-  89  kJ/mol,  based  on  a  two-state  transition  model  and 
a  much  broader  transition  from  333  to  366  K.  The  tran- 
sition peak  at  329  K  accounted  for  9-18%  of  the  total 
ATIII.  At  sub-saturate  heparin  concentrations,  the 
lower  temperature  peak  became  bimodal  with  the  ap- 
pearance of  a  second  transition  peak  at  336  K.  At  satu- 
rate heparin  concentration  only  the  336  K  peak  was 
observed.  This  supports  a  two  domain  model  of  ATIII 
folding  in  which  the  lower  stability  domain  (329  K) 
binds  and  is  stabilized  by  heparin. 
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Three  laboratories  in  the  U.S.  and  two  in  the  Nether- 
lands determined  molar  absorptivities  (epsilon)  of  bili- 
rubin from  the  National  Institute  of  Standards  and 
Technology  (NIST,  the  former  National  Bureau  of 
Standards),  Standard  Reference  Material  SRM  916a. 
In  caffeine  reagent  average  epsilon  values  were 
50,060  and  48,980  L  times  mol(sup  -1)  times  cm(sup 
-1)  at  432  and  457  nm,  respectively.  The  epsilon  value 
of  the  blue  azopigment,  obtained  with  the  reference 
method  for  total  serum  bilirubin  was  76,490  L  times 
mol(sup  -1)  times  cm(sup  -1)  at  598  nm.  When  the  ad- 
dition of  alkaline  tartrate  was  omitted,  the  molar  ab- 
sorptivity of  the  red  azopigment  was  56,600  L  times 
mol(sup  -1)  times  cm(sup  -1 )  at  530  nm. 
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Synthetic  lipid  vesicle  (liposome)  suspensions  have 
been  used  to  experimentally  model  many  of  the  cal- 
cium phosphate  precipitation  steps  observed  in  matrix 
vesicle  (MV)  calcification.  In  particular,  precipitate  de- 
velopment in  liposomes  can  be  made  to  preferentially 
follow  the  progression  seen  in  MV,  i.e.  to  occur  initially 
in  intraliposomal  spaces  and  then  to  expand  into  the 
surrounding  suspending  medium.  This  paper  reviews 
results  from  studies  by  us  which  show  that  certain 
phospholipid  constituents  of  the  liposomal  membrane 
can  modulate  this  progression.  Of  greatest  relevance 
to  MV  calcification  is  the  observation  that 
phosphatidylserine  and  sphingomyelin,  two  lipids  se- 
lectively enriched  in  MV,  slow  the  expansion  of  the  pre- 
cipitation from  inside  to  outside  the  liposome. 


03.458 

PB94-212602       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (NML), 

Gaithersburg,  MD.  Ionizing  Radiation  Div. 

Modification  of  Deoxyribose-Phosphate  Residues 

by  Extracts  of  Ataxia  Telangiectasia  Cells. 

Final  rept. 

L.  R.  Karam,  P.  Calsou,  W.  A.  Franklin,  T.  Lindahl, 

R.  B.  Painter,  and  M.  Olsson.  1990,  8p. 

Pub.  in  Mutation  Research  236,  n1  p1 9-26  1990. 

Keywords:  'Ataxia  telangiectasia,  'Deoxyribose, 
'Phosphates,  Molecular  weight,  Cell  line,  pH,  Chroma- 
tography, Xeroderma  pigmentosum,  Bloom  syndrome, 
Friedreich's  ataxia,  Werner's  syndrome,  Reprints. 

The  release  of  DNA  5'-terminal  deoxyribose-phos- 
phate  residues  from  enzymatically  incised  apurinic/ 
apyrimidinic  sites  by  human  cell  extracts  has  been 
under  investigation.  During  the  course  of  these  studies, 
we  observed  that  ataxia  telangiectasia  cell  extracts 
modify  deoxyribose-phosphate  (dRp)  residues  by  con- 
verting them  to  an  adduct  form,  dRp-X,  which  shows 
altered  chromatographic  properties  on  high  pressure 
liquid  chromatography  (HPLC)  analysis.  The  chemical 
nature  of  the  adduct  is  as  yet  unknown,  but  dRp-X  is 
stable  to  both  heat  and  acid.  The  modification  requires 
an  enzymatic  activity  and  a  low-molecular  weight  co- 
factor.  Extracts  of  normal  cells  contain  a  dialyzable  in- 
hibitor that  suppresses  the  reaction  occurring  with 
ataxia  telangiectasia  cell  extracts.  Formation  of  dRp- 
X  has  been  observed  in  7  out  of  7  ataxia  telangiectasia 
iymphoblastoid  lines  which  represent  at  least  3  genetic 
complementation  groups.  Similar  modification  of  dRp 
did  not  occur  with  extracts  of  cells  of  normal  origin,  nor 
those  representing  Fanconi's  anemia,  xeroderma 
pigmentosum,  Bloom's  syndrome,  Werner's  syndrome 
or  Friedreich's  ataxia. 
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Specific  heat  capacities,  apparent  molar  heat  capac- 
ities, densities,  and  apparent  molar  volumes  were  de- 
termined for  aqueous  glucose  over  the  temperature 
range  298.15  to  327. 0  K.  The  molal  concentrations  of 
the  solutions  ranged  from  0.20  to  1.54  mol/kg.  The  re- 
sults were  used  to  calculate  c(sub  p,2,m)(sup  o)  and 
V(sub  2,m)(sup  o)  for  glucose  at  298.15  K  and  the  first 
and  second  derivatives  of  these  quantities  with  respect 
to  temperature.  The  first  virial  coefficient  in  the  expres- 
sion for  the  excess  molar  volume  was  determined.  The 
results  were  compared  with  published  data.  A  discus- 
sion of  systematic  errors  attributable  to  instrumental  er- 
rors, sample  impurities,  and  incomplete  anomeric  and 
relaxation  in  the  solutions  is  given. 
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The  results  of  equilibrium  and  calorimetric  measure- 
ments are  reported  for  a  series  of  enzyme-catalyzed 
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reactions  involving  deamination  of  adenosine-5'- 
monophosphate  (AMP),  adenosine,  and  L-histidine 
and  the  dephosphorylation  of  AMP  and  inosine-5'- 
monophosphate.  The  data  have  been  analyzed  with  a 
model  that  described  the  complex  equilibria  in  solution. 
Values  for  the  standard  molar  enthalpies,  Gibbs  free 
energies,  and  entropy  changes  of  the  reactions  were 
calculated  and  discussed  in  relation  to  thermodynamic 
cycle  calculations  involving  the  substances  and  other 
reactions  of  a  chemically  similar  nature. 
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A  four-state  transport  protein  that  has  electric  charges 
that  move  concomitantly  with  conformational  changes 
can  transduce  energy  in  either  direction  between  an 
alternating  membrane  potential  and  a  concentration 
gradient.  An  alternating  electric  potential  of  very  large 
amplitude  is  considered,  and  the  rapid-equilibrium  ap- 
proximation is  used  for  the  conformational  changes. 
This  permits  deriving  simple  expressions  for  the  trans- 
port flux,  the  power  supplied  by  the  alternating  poten- 
tial, and  the  power  applied  to  the  concentration  gra- 
dient. 
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The  homodyne  correlation  function  for  light  scattered 
from  a  suspension  of  particles  in  an  oscillating  field  is 
derived,  assuming  there  are  two  species  of  particles 
of  the  same  size  but  with  different  mobilities.  If  the  mo- 
bility of  one  species  is  known,  the  mobility  of  the  other 
can  be  determined  from  the  modulation  of  the  correla- 
tion function.  This  method  of  determining  mobility  is  in- 
sensitive to  thermal  convection  effects,  electroosmotic 
flow,  and  mechanical  vibrations. 
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Molar  enthalpies  of  reaction  for  the  hydrolysis  of  L- 
arginine(aq)  to  (L-ornithine(aq)  +  urea(aq))  and  for  the 
hydrolysis  of  L-arginine(aq)  to  (L-citrulline(aq)  + 
ammonia(aq))  have  been  measured  by 
microcalorimetry.  These  reactions  are  catalyzed,  re- 
spectively, by  arginase  and  by  arginine  deiminase.  The 
effects  of  variations  in  pH,  temperature,  and  ionic 
strength  of  the  molar  enthalpies  of  reaction  were  stud- 
ied. The  results  have  been  analyzed  with  a  model 


which  accounts  for  the  complex  equilibria  in  solution. 
The  results  are  discussed  in  terms  of  thermodynamic- 
cycle  calculations  and  in  terms  of  the  metabolic  urea 
cycle. 
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Heat  capacity  measurements  of  the  gel  to  liquid  crys- 
talline transition  of  phosphocholine  lipid  suspensions 
in  buffer  solutions  were  performed  by  a  differential 
scanning  calorimeter  over  a  range  of  experimental 
conditions.  Since  the  temperatures  at  the  transition 
peak  maxima,  i.e.  transition  temperatures,  were  ob- 
served to  increase  linearly  with  scan  rate  due  to  the 
response  time  of  the  DSC,  they  were  corrected  to  zero 
scan  rate  and  found  to  agree  closely  with  the  literature 
values. 
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The  thermodynamics  of  the  binding  of  galactose  de- 
rivatives to  the  basic  agglutinin  from  winged  bean 
(WBAI)  in  PBS  (0.02  M  sodium  phosphate  and  0.15 
M  sodium  chloride)  have  been  investigated  from 
298.15  to  333.15  K  by  titration  calorimetry  and  at  the 
denaturation  temperature  by  differential  scanning 
calorimetry  (DSC).  WBAI  is  a  dimer  with  one  binding 
site  per  each  identical  sub-unit.  The  thermal  transition 
consisted  of  two  overlapping  peaks  over  the  pH  range 
5.6  to  7.4. 
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Biochemical,  immunological  and  sequence  analyses 
demonstrated  that  the  glucose  permease  of  Bacillus 
subtilis,  the  glucose-specific  Enzyme  II  of  the 
phosphoenolpyruvate-dependent  phosphotransferase 
system  (PTS),  is  a  single  polypeptide  chain  with  a  C- 
terminal  Enzyme  Ill-like  domain.  A  flexible  hydrophilic 
linker,  similar  in  length  and  amino  acid  composition  to 
linkers  previously  identified  in  other  regulatory  or  sen- 
sory transducing  proteins,  functions  to  tether  the  En- 
zyme lll(glc)-like  domain  of  the  protein  to  the  mem- 


brane-embedded Enzyme  ll(glc).  Evidence  is  pre- 
sented demonstrating  that  the  Enzyme  lll(glc)-domain 
of  the  glucose  permease  plays  a  dual  role  and  func- 
tions in  the  transport  and  phosphorylation  of  both  glu- 
cose and  sucrose.  The  sucrose  permease  appears  to 
lack  a  sucrose-specific  Enzyme  Ill-like  domain  or  a 
separate,  soluble  lll(scr)  protein.  Enzyme  ll(scr)  was 
capable  of  utilizing  the  lll(glc)-like  domain  of  the  glu- 
cose permease  regardless  of  whether  the  lll(glc) 
polypeptide  was  provided  as  a  purified,  soluble  protein, 
as  a  membrane-bound  protein  within  the  same  mem- 
brane as  Enzyme  ll(scr),  or  as  a  membrane-bound  pro- 
tein within  membrane  fragments  different  from  those 
bearing  Enzyme  ll(scr).  These  observations  suggest 
that  the  lll(glc)-like  domain  is  an  autonomous  structural 
unit  that  assumes  a  conformation  independent  of  the 
hydrophobic,  N-terminal  intramembranal  domain  of 
Enzyme  ll(glc). 
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Inorganic  support  materials  have  been  used  for  chro- 
matography for  over  75  years.  However,  it  is  only  been 
within  the  last  25  years  that  these  materials  have  been 
applied  to  affinity  separations  in  which  the  affinity 
ligand  is  covalently  bonded  to  the  support.  This  review 
will  cover  the  application  of  inorganic  silicas  and  metal 
oxides  for  coupling  to  ligands  of  various  types  for  the 
isolation  and  purification  of  antigens,  antibodies,  en- 
zymes, nucleic  acids  and  related  species.  Specific  pro- 
tocols for  the  activation  and  coupling  of  ligands  are  pre- 
sented. The  review  will  not  cover  ion  chromatography 
or  use  of  hydrocarbon  bonded  phases  for  protein  isola- 
tions, nor  will  it  cover  the  application  of  ion  exchange 
as  a  separation  and  purification  method  on  inorganic 
supports.  The  review  contains  77  references. 
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The  present  study  examined  calcium  phosphate  pre- 
cipitation in  aqueous  suspensions  of  artificial 
liposomes  which  closely  resembled  matrix  vesicles 
(MV)  in  membrane  lipid  composition.  At  22  C,  the 
liposomes  per  se  did  not  initiate  precipitation  in  the 
suspending  medium  for  up  to  1 20  h  when  the  latter  was 
made  supersaturated  with  respect  to  hydroxyapatite 
(2.25  mWI  Ca(2+),  1.5  mM  P04,  240  mosmol,  pH  7.4). 
Likewise,  the  suspending  medium  remained  stable  for 
up  to  72  h  when  precipitation  was  induced  within  the 
aqueous  interiors  of  the  liposomes  by  encapsulating 
pH  7.4-buffered  50  mM  P04  solutions  in  the  interior 
spaces  and  making  the  enclosing  membranes  per- 
meable to  external  solution  Ca(2+)  ions  with  the 
ionophore  X-537A.  However,  extraliposomal  precipita- 
tion readily  occurred  under  these  latter  conditions 
when  phosphiatidylserine  (PS)  and  sphingomyelin 
(Sph)  were  deleted  from  the  MV-like  lipid  formulation 
used  to  prepare  the  liposomes.  These  results  suggest 
that  lipidic  membrane  constituents  such  as  PS  and  Sph 
may  have  a  controlling  influence  on  MV-mediated  cal- 
cification in  vivo  by  affecting  the  release  of 
intravesticularly  formed  mineral  crystals  into  the 
extracellular  matrix  space  where  they  can  subse- 
quently grow  and  proliferate. 
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The  bisphosphonate,  1-hydroxyethylidene-1,1- 
bisphosphonate  (HEBP),  was  examined  for  its  effect 
on  calcium  phosphate  precipitation  in  pH  7.4,  22  C  sus- 
pensions of  7:2:1  phosphatidylcholine 
(PC):dicetylphosphate  (DCP):cholesterol  (Choi)  and 
7:1:1  PC:phosphatidylserine  (PS):Chol  liposomes. 
HEBP  (0.5-50  micromol/l)  in  the  suspending  medium 
had  little,  if  any,  effect  on  precipitation  that  formed  in- 
side phosphate-rich  (50  mmol/l)  aqueous  interiors  of 
liposomes  as  a  result  of  ionophore  (X-537A)  driven 
2.25  mmol/l  Ca(2+)  influxes  from  the  medium.  These 
results  provide  a  possible  physicochemical  explanation 
for  the  suppression  of  matrix  vesicle  initiated  min- 
eralization in  ectopically-induced  osteoid  tissue  of 
HEBP  treated  mice.  In  particular,  the  liposome  results 
suggest  that  membrane  phosphatidylserine  inter- 
actions with  mineral  may  enhance  HEBP's  effective- 
ness in  vivo. 
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A  novel  model  lipid  bilayer  membrane  is  prepared  by 
the  addition  of  phospholipid  vesicles  to  alkanethiol 
monolayers  on  gold.  This  supported  hybrid  bilayer 
membrane  is  rugged,  easily  and  reproducibly  prepared 
in  the  absence  of  organic  solvent,  and  is  stable  for  very 
long  periods  of  time.  We  have  characterized  the  insu- 
lating characteristics  of  this  membrane  by  examining 
the  rate  of  electron  transfer  and  by  impedance  spec- 
troscopy. Supported  hybrid  bilayers  formed  from 
phospholipids  and  alkanethiols  are  pinhole-free  and 
demonstrate  measured  values  of  conductivity  and  re- 
sistivity which  are  within  an  order  of  magnitude  of  that 
reported  for  black  lipid  membranes.  Capacitance  val- 
ues suggest  a  dielectric  constant  of  2.7  for 
phospholipid  membranes  in  the  absence  of  organic 
solvent.  The  protein  toxin,  melittin,  destroys  the  insulat- 
ing capability  of  the  phospholipid  layer  without  signifi- 
cantly altering  the  bilayer  structure.  This  model  mem- 
brane will  allow  the  assessment  of  the  effect  of  lipid 
membrane  perturbants  on  the  insulating  properties  of 
natural  lipid  membranes. 


03,477 

PB96-102728       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Biotechnology  Div. 
Bacteriorhodopsin  Retains  Its  Light-Induced  Pro- 
ton-Pumping Function  After  Being  Heated  to  140C. 
Final  rept. 

E.  P.  Lukashev,  and  B.  Robertson.  1995,  4p. 

Pub.  in  Bioelectrochemistry  and  Bioenergetics  37, 

p1 57-1 60  1995. 

Keywords:  'Photochemical  reactions,  'Protons,  Re- 
prints, Pumping,  High  temperature,  Reactions,  Photo- 
synthetic  bacteria,  Membrane  transport, 
'Bacteriorhodopsin,  'Halobacterium. 

Films  of  purple  membrane  of  Halobacterium  salinarium 
have  been  reported  to  keep  their  two-dimensional  hex- 


agonal lattice  structure  and  their  optical  absorbance 
spectrum  even  after  being  heated  to  140  degrees  C 
for  two  days.  Tests  of  the  light-induced  proton-pumping 
function  of  the  bacteriorhodopsin  (bR)  molecule  in  the 
purple  membrane  were  not  reported.  The  present 
paper  describes  measurements  of  the  light-induced 
proton-pumping  by  films  of  wild-type  and  D96H-mutant 
bR  at  room  temperature  after  the  films  were  heated  to 
high  temperatures.  The  measurements  show  that  cy- 
cling bR  through  140  deg  C  does  not  reduce  its  proton- 
pumping  ability. 
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Supported  hybrid  bilayer  membranes  (HBM)  com- 
posed of  a  monolayer  of  phospholipid  and  a  monolayer 
of  alkanetiol  associated  with  a  thin  gold  film  on  glass 
are  useful  as  model  lipid  bilayer  membranes  for  study- 
ing membrane  receptor-ligand  and  cell-cell  binding 
events  by  surface  plasmon  resonance  (SPR).  Meas- 
urements of  specific  binding  of  proteins  and  lipid  vesi- 
cles to  well-defined  HBMs  have  been  performed  under 
conditions  or  continuous  flow  using  a  commercial  SPR 
instrument  (BIAcore).  HBMs  are  shown  to  be  stable  in 
flow  and  to  block  nonspecific  adsorption  of  proteins  to 
the  alkanethiol/gold  surface.  The  use  of  such  sup- 
ported lipid  bilayers  in  flow  provides  a  means  of  con- 
ducting equilibrium  and  kinetic  studies  of  models  of 
ligand-cell  and  cell-cell  interactions  with  receptors  or 
ligands  in  a  membrane  environment.  Compared  to  the 
extended  dextran  polymer  layer  that  is  currently  used 
for  surface  modification  of  BIAcore  'sensor  chips,'  the 
described  HBMs  provide  a  well-defined  surface  that 
will  permit  less  ambiguous  modeling  of  these  important 
biological  interactions. 
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A  flow  injection  analysis  system  coupled  with  an  eva- 
nescent wave  biosensor  employing  total  international 
reflection  of  fluorescence  radiation  for  the  detection  of 
the  compounds  that  intercalate  within  DNA  is  reported. 
A  highly  fluorescent  intercalator,  ethidium  bromide,  has 
been  used  as  the  reference  compounds  for  the  detec- 
tion. The  evanescent  wave  biosensor  was  developed 
using  immobilized  double-strand  DNA  (daDNA)  over 
the  surface  of  a  cylindrical  wave  guide.  The  response 
of  the  DNA-modified  fiber  is  significantly  higher  than 
the  responce  obtained  with  an  unmodified  fiber.  The 
response  of  the  biosensor  at  a  constant  concentration 
of  ethidium  bromide  increases  on  increasing  the  con- 
centration of  immobilized  dsDNA.  At  the  steady-state 
response  of  the  biosensor,  obtained  at  a  constant  con- 
centration of  ethidium  bromide,  there  is  a  decrease  in 
the  response  to  the  injection  of  another  DNA 
intercalator  that  competes  for  the  intercalation  sites  on 
the  dsDNA,  displacing  the  ethidium  bromide.  This  is 
immediately  followed  by  recovery  of  the  steady-state 
response.  The  decrease  in  the  sensor  response  is  a 
linear  function  of  the  concentrations  of  injected 
intercalator.  Responce  curves  for  9,  10-anthraquinone- 
2,  6-disulfonic  acid,  remazol  brillant  blue,  decacyclene, 
and  4',  6-diamidino-2-phenylindole  dihydrochloride  are 
reported. 
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Nuclear  magnetic  resonance  spectroscopy  (NMR), 
Raman  spectroscopy,  dynamic  light  scattering  (DLS) 
and  high  performance  exclusion  chromatography 
(HPLC)  were  used  to  characterize  two  different  com- 
mercial preparations  of  low  molecular  weight  heparin 
produced  by  peroxide  cleavage  using  nitrous  acid.  Pro- 
ton NMR  showed  that  the  contamination  by  dermatam 
sulfate  varied  from  2%  in  the  material  produced  by 
deaminative  cleavage  using  nitrous  acid,  to  4%  for  the 
material  produced  by  peroxide  cleavage.  The  Raman 
spectra  of  the  nitrous  acid  produced  material  showed 
an  equivalent  amount  of  O  -  sulfation  to  that  in  the  ma- 
terial produced  by  peroxide,  but  about  a  10%  reduction 
in  the  content  of  N-sulfated  glucosamine,  as  expected 
from  the  deamination  reaction.  DLS  and  HPLC  indi- 
cated the  presence  of  less  than  0.2%  of  very  high  mo- 
lecular weight/aggregate  material  for  the  peroxide 
preparation  as  compared  to  1  %  for  the  nitrous  acid  pre- 
pared material.  The  weight  average  molecular  weight 
(Mw)  determined  from  HPLC  was  5900  Da  for  the  ni- 
trous acid  prepared  material  and  6850  Da  for  the  per- 
oxide produced  material.  The  number  average  molecu- 
lar weight  (Mn)  calculated  from  this  data  was  5200  Da 
for  the  nitrous  acid  preparation  and  5300  Da  for  the 
peroxide  produced  material.  In  addition,  the  nitrous 
acid  prepared  material  exhibited  a  much  narrower  size 
distribution  of  oligomeric  species,  as  evidenced  by  the 
polydispersity  (MwMn)  of  1.1  for  the  nitrous  acid  pre- 
pared material,  as  compared  with  a  value  of  1 .3  for  the 
peroxide  prepared  material. 
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The  30  m  small  angle  neutron  scattering  facility  at  the 
National  Institutes  of  Standards  and  Technology  has 
been  used  to  examine  neutron  scattering  from  agarose 
gels  formed  in  D(2)0.  Differential  scattering  cross  sec- 
tions have  been  acquired  over  a  continuous  range  of 
Q  between  0.005  and  0.3  Angstroms  to  the  minus 
1. power.  Subtle  changes  in  gel  structure  are  observed 
when  pre-gelation  agarose  concentration  is  varied. 
Similarly,  except  when  the  gelling  solution  is  rapidly 
cooled  to  a  low  temperature,  the  rate  at  which  the  gels 
are  formed  does  not  seem  to  have  much  effect.  Clearer 
evidence  of  structural  rearrangement  is  observed 
when  the  solvent  quality  is  changed  by  the  addition  of 
dimethyl  sulfoxide,  or  when  the  temperature  of  the  gel 
is  elevated  above  70  degrees  C.  These  data  are  con- 
sistent with  a  description  of  a  randomly  structured  poly- 
mer network  containing  discrete  self-similar,  hydrogen- 
bonded,  junctions  normally  of  minimal  thickness  =  35- 
40  Angstroms. 
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A  novel  experimental  setup  has  been  used  to  measure 
the  specularly  reflected  neutron  intensity  from  a  model 
biological  membrane  containing  components  from  the 
outer  membrane  of  Neurospora  crassa  mitochondria. 
The  specular  reflectivity  from  a  single  bilayer  mem- 
brane, formed  by  the  fusion  of  vesicles  onto  a 
phospholipid  monolayer  supported  on  a  flat  substrate, 
was  measured  in  both  D20  and  H20  solvents.  In  D20 
solvent,  reflected  neutron  intensities  down  to  10  to  the 
minus  6  power  were  measured  for  wavevector  trans- 
fers out  to  0.25  A-1 .  A  symmetric  model  for  the  neutron 
scattering  length  density  profile  perpendicular  to  the 
bilayer  surface  was  constructed  based  on  fits  to  the 
D20  data.  The  overall  bilayer  thickness  was  found  to 
be  43  plus  or  minus  2  A.  The  individual  lipid  head  group 
and  hydrocarbon  tail  layer  thickness  were  7.5  plus  or 
minus  1.4  and  28.0  plus  or  minus  2.8  A,  respectively. 
The  fitted  results  are  consistent  with  the  H20  data.  The 
integrity  of  the  model  membrane  bilayer  was  confirmed 
by  comparing  its  measured  reflectivity  to  that  obtained 
from  a  single  lipid  bilayer  consisting  of  soybean 
phospholipids  (asolectin)  which  was  deposited  on  a  flat 
substrate  by  the  Langmuir-Blodgett  technique. 
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This  report  describes  an  alternative  method  to  modu- 
late enzyme  activity  optically  through  pH  modulation. 
Bacteriorhodopsin  (BR)  is  used  to  regulate  the  activity 
of  an  enzyme  which  it  does  not  naturally  regulate.  In 
this  study  BR  controlled  the  pH-dependent  conversion 
of  sucrose  to  glucose  by  the  enzyme,  invertase.  BR 
is  oriented  in  the  wall  of  phosphatidylcholine  vesicles 
so  that  at  pH  values  greater  than  4-5  it  pumps  protons 
into  the  vesicles  and  at  pH  values  less  than  4  it  pumps 
protons  out  of  the  vesicle  when  illuminated  with  light 
of  the  proper  wavelength.  The  bulk-solution  pH  cor- 
respondingly changes  as  a  result.  At  an  intial  pH  of 
5.57  the  change  in  pH  of  the  solution  due  to  pumping 
by  the  bacteriorhodopsin-vesicle  complex  was  0. 1 7  pH 
units.  To  study  this  effect  on  the  enzyme,  samples  con- 
taining BR  vesicles  and  invertase  were  assayed  for  en- 
zyme activity  under  dark  and  illuminated  conditions.  It 
was  found  that  changes  in  enzyme  activity,  upon  illu- 
mination, were  generally  larger  than  predicted  for  the 
corresponding  changes  in  the  bulk  solution  pH  gen- 
erated by  the  BR  vesicles. 

03,478 

PB96-1 55460       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Biotechnology  Div. 
Mapping  Domains  in  Proteins:  Dissection  and  Ex- 
pression of  'Escherichia  coli'  Adenylyl  Cyclase. 
Final  rept. 

P.  Reddy,  J.  Hoskins,  and  K.  McKenney.  1995.  5p. 
Pub.  in  Analytical  Biochemistry,  n231  p282-286  1995. 

Keywords:  Oligonucleotides,  Reprints,  'Protein  ex- 
pression, 'Domains,  PRE  expression  vector. 

The  authors  have  used  the  pRE  expression  vector  con- 
taining the  Escherichia  coli  adenylyl  cyclase  gene  (cya) 
with  the  unique  Ndel  restriction  site  CATATG  at  the  ini- 
tiation codon  in  conjunction  with  a  family  of  self-com- 
plimentary oligonucleotides  to  create  amino-  and  car- 
boxy-terminal  domains  in  adenylyl  cyclase.  The  three 
sets  of  oligonucleotides  contain  a  TAA  translation  stop 
condon  in  all  reading  frames  flanked  by  the  Ndel  re- 
striction endonuclease  sequence  and  one  or  two 
nucleotides  (5' 
N NC ATATGTTAATTA ATTAACATATG N N  3').  Ligation 
of  one  of  these  annealed  oliognucleotides  into  a  re- 
striction site  or  creation  of  5'  TAA/CATATG  3'  trans- 
lation stop/Ndel  restriction  site  along  a  gene  in  the  pRE 
expression  vector  facilitates  the  premature  termination 
of  protein  synthesis  thus  yielding  amino-terminal  do- 
mains. Removal  of  a  fragment  of  the  gene  correspond- 
ing to  the  amino-terminal  portion  by  Ndel  restriction 
and  ligation  brings  the  3'  end  of  the  gene  in  frame  with 
the  initiator  ATG.  With  this  strategy,  expression  of  the 
carboxyl-terminal  domain  of  a  protein  is  possible  which 
is  otherwise  not  as  simple  as  the  expression  of  the 


amino-terminal  domain.  The  feasibility  of  expression  of 
any  domain  of  protein  is  demonstrated  using  the  cya 
gene  to  create  several  amino-  and  carboxyl-terminal 
domains  of  adenylyl  cyclase. 


03.479 

PB96-164132       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSTL), 

Gaithersburg,  MD.  Biotechnology  Div. 

Novel    Activities    of    Human    Uracil    DNA  N- 

glycosylase  for  Cytosine-Derived  Products  of 

Oxidative  DNA  Damage. 

Final  rept. 

M.  Dizdaroglu,  A.  Karakaya,  P.  Jaruga,  G. 
Slupphaug,  and  H.  E.  Krokan.  1996,  5p. 
See  also  PB96- 110747. 

Pub.  in  Nucleic  Acids  Research,  v24  n3  p41 8-422 
1996. 

Keywords:  *DNA  damage,  'Deoxyribonucleic  acids, 
'Enzyme  kinetics,  Reprints,  Isodialuric  acid,  Hydroxyl 
radical. 

Uracil  DNA  N-glycosylase  is  a  repair  enzyme  that  re- 
leases uracil  from  the  DNA.  A  major  function  of  this 
enzyme  is  presumably  to  protect  the  genome  from  pre- 
mutagenic  uracil  resulting  from  deamination  of  cyto- 
sine  in  DNA.  Here,  we  report  that  human  uracil  DNA 
N-glycosylase  also  recognizes  three  uracil  derivatives 
that  are  generated  as  major  products  of  cytosine  in 
DNA  by  hydroxyl  radical  attack  or  other  oxidative  proc- 
esses. DNA  substrates  were  prepared  by  y-irradiation 
of  DNA  in  aerated  aqueous  solution  and  incubated  with 
human  uracil  DNA  N-glycosylase,  heat-inactivated  en- 
zyme or  buffer.  Ethanol-precipitated  DNA  and  super- 
natant fractions  were  then  separated. 
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The  Raman  spectra  of  commercially  available  heparin 
disaccharide  standards  exhibit  bands  associated  with 
the  N-sulfate  and  the  6-O-sulfate  groups  of  the  glu- 
cosamine and  the  2-O-sulfate  of  the  iduronic  acid.  The 
N-sulfate  has  a  strong  band  at  1039  cm  to  the  minus 
one.  The  6-O-sulfate  and  the  2-O-sulfate  exhibit  bands 
at  1055  and  1065  cm  to  thh  minus  one,  respectively. 
The  pattern  of  these  modes,  which  are  assigned  to  the 
symmetric  S03  vibrations,  was  supported  by 
semiempirical  quantum  mechanical  calculations.  The 
above  bands  were  identified  in  the  Raman  spectrum 
of  a  commercial  preparation  of  porcine  mucosal  hepa- 
rin and  were  used  to  determine  the  relative  proportion 
of  the  N-sulfate,  6-O-sulfate,  and  2-O-sulfate  groups 
in  the  heparin  molecule.  The  information,  which  is  com- 
plementary to  that  obtained  by  NMR  spectroscopy,  is 
of  particular  importance  in  relation  to  biological  activity. 
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A  simple  and  sensitive  method  for  detection  and  quan- 
tification of  carcinogens  and  related  polyaromatic  com- 
pounds by  DNA  intercalation  has  been  devised.  The 
experimental  technique  is  based  on  the  phenomenon 


of  DNA  intercalation  using  fluorescence  polarization  for 
quantitative  measurements.  The  assay  architecture  is 
analogous  to  a  protocol  presently  used  for  competitive 
immunoassays,  whereby  an  intercalating  dye  of 
fluorochrome  would  compete  with  or  be  displaced  by 
the  analyte  (test  compound).  Our  competitive  binding 
assay  utilizes  DNA  binding  sites  and  a  fluorescent 
intercalating  dye.  The  carcinogenic  analytes  inves- 
tigated were  benzo(a)pyrene,  dibenz(a,h)anthracene, 
dibenz(a,j)anthracene,  benz(a)anthracene, 
benzo(j)fiuoranthene,  benzidine,  aniline,  parathion, 
pentachlorophenol  and  nitrobenzene.  The  non-car- 
cinogenic hydrocarbons  studies  were  naphthalene,  an- 
thracene, phenanthrene,  benzo(k)fluoranthene  and 
1,2,3,4,5,6,7,  8-octahydronaphthalene.  The 
intercalating  dyes  examined  were  acridine  orange, 
ethidium  bromide,  proflavin  and  4,6-diamidino  2- 
phenylindale  chloride  (DAPI).  Of  the  compounds  stud- 
ied, only  the  single  ring  compounds  gave  a  negative 
response.  All  the  other  compounds  investigated  dis- 
placed the  intercalated  dye  molecule.  It  has  been  de- 
termined that  molecules  require  at  least  two  adjacent 
benzene  rings  for  intercalation  to  occur.  The  detection 
limits  of  this  analytical  method  were  between  10  to  the 
minus  5th  power  mol/L  and  10  to  the  minus  8  power 
mol/L  for  all  materials  tested. 
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Gas  chromatography  with  element-specific  atomic 
emission  detection  was  used  to  investigate  sulfur  inter- 
ferences in  the  quantification  of  methylmercury  in  ma- 
rine tissues.  The  elimination  of  sulfur-containing  spe- 
cies by  treatment  with  copper  powder  was  confirmed 
by  sulfur-specific  atomic  emission  detection. 
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For  understanding  of  the  role  of  oxidative  DNA  damage 
in  biological  processes  such  as  mutagenesis  and  car- 
cinogenesis, it  is  essential  to  identify  and  quantify  the 
type  of  DNA  damage  in  cells.  This  can  be  achieved 
by  gas  chromatography/mass  spectrometry.  The 
present  study  describes  the  quantification  of  modified 
bases  in  DNA  by  isotope-dilution  mass  spectrometry 
with  the  use  of  stable  isotope-labeled  analogues  as  in- 
ternal standards.  A  number  of  isotopically  labeled  DNA 
bases  were  synthesized.  The  mass  spectra  of  their 
trimethylsilyl  derivatives  were  recorded.  Calibration 
plots  were  obtained  for  known  quantities  of  modified 
bases  and  their  isotope-labeled  analogues.  Quantifica- 
tion of  various  modified  DNA  bases  by  isotope-dilution 
mass  spectrometry  was  demonstrated  in  isolated  chro- 
matin exposed  to  ionizing  radiation.  The  results  indi- 
cate that  gas  chromatography/stable  isotope-dilution 
mass  spectrometry  is  an  ideally  suited  technique  for 
selective  and  sensitive  quantification  of  modifed  bases 
in  DNA. 
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Oxidative  damage  to  DNA  has  been  measured  by 
quantitating  8-hydroxy-2'-deoxyguanosine  (8- 
OHdGuo)  after  enzymic  digestion  of  DNA,  followed  by 
HPLC  separation  and  electrochemical  detection.  Alter- 
natively. 8-hydroxyguanine  (and  a  wide  range  of  other 
base-derived  products  of  free  radical  attack)  may  be 
measured  after  acidic  hydrolysis  of  DNA  or  chromatin, 
followed  by  derivatization  and  gas-chromatography/ 
mass  spectrometry.  Both  techniques  have  comparable 
sensitivity,  but  GC/MS  enables  determination  of  a  wide 
variety  of  chemical  changes  to  all  four  DNA  bases  and 
it  can  be  applied  to  DNA-protein  complexes.  However, 
the  two  techniques  do  not  always  give  similar  results. 
Potential  reasons  for  this  are  discussed.  Greater  atten- 
tion of  methodological  questions  is  required  before 
using  measurement  of  8-OHdGuo  as  a  'routine'  marker 
of  oxidative  DNA  damage  in  vivo. 
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The  100-1,000  basepair  size  typical  of  PCR-amplified 
DNA  fragments  demands  high  resolution 
electrophoretic  gels  for  the  adequate  characterization 
of  small  differences  among  samples.  We  have  studied 
the  behavior  of  a  number  of  commercial  sizing  ladders 
in  three  ladders  in  three  classes  of  separation  systems: 
polyacrylamides  with  discontinuous  buffer,  proprietary 
acrylamides  with  continuous  buffer,  and  agarose-like 
materials  with  continuous  buffer.  None  of  the  ladders 
examined  perform  adequately  in  any  of  these  systems 
using  vendor-supplied  nominal  ladder  component 
basepair  sizes.  All  ladders  successfully  types  D1S80 
alleles  after  calibration  with  the  allelic  ladder  (replacing 
the  nominal  size  values  with  the  least  squares  estimate 
of  allele/matrix-specific  apparent  sizes).  Some  ladders 
and  matrices  are  qualitatively  better  than  others.  No 
one  ladder  proved  consistently  better  than  others;  a 
polyacrylamide  gell  with  ribose  modifier  provided  the 
most  precise  results  in  the  study.  Appropriate  allelic 
ladders  or  a  well  defined  subset  of  known  alleles  can 
serve  as  the  calibration  system. 
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Cross-linked  human  hemoglobin  (Hba)  is  obtained  by 
reaction  with  bis(3,5-dibromosalicyl)  sebacate.  Peptide 
maps  and  crystallographic  analyses  confirm  the  pres- 
ence of  the  10  carbon  atom  long  sebacyl  residue 
cross-linking  the  two  beta82  lysines  of  the  beta-cleft 
(DecHb).  The  Adair's  constants,  obtained  from  the  oxy- 
gen binding  isotherms,  show  that  at  the  first  step  of 
oxygenation  normal  hemoglobin  and  DecHb  have  a 
very  similar  oxygen  affinity.  In  DecHb  negative  binding 
cooperativity  is  present  at  the  second  step  of  oxygen- 


ation, which  has  an  affinity  27  times  that  of  the  second 
step.  Positive  cooperativity  is  present  at  the  third  bind- 
ing step,  whose  affinity  is  380  times  that  of  the  second 
step.  The  fourth  binding  step  shows  a  weak  negative 
cooperativity  with  an  affinity  one-half  that  of  the  third 
step.-  Crystals  of  deoxy-DecHb  diffracted  to  1.9 
Angstroms  resolution.  The  electron  density  map  of 
deoxy-DecHb  indicates  the  presence  of  the  10  carbon 
bridge  between  the  beta82  lysines. 
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As  part  of  the  analytical  research  leading  to  the  certifi- 
cation of  the  new  Apple  and  Peach  Leaves  Standard 
Reference  Materials  (SRMs),  a  study  was  undertaken 
to  evaluate  different  sample  dissolution  techniques  for 
losses  of  analyte  species.  Possible  loss  mechanisms 
include  absorption  or  adsorption  of  analyte  elements 
at  the  walls  of  the  sample  decomposition  vessels,  and 
the  formation  or  persistence  of  insoluble  particulate 
material  during  sample  dissolution.  Results  of  this 
study  indicated  that  significant  fractions  of  some  ele- 
ments were  present  on  particles  after  acid  dissolution, 
despite  visual  indications  that  dissolution  was  com- 
plete. In  addition,  large  amounts  of  some  elements  re- 
mained in  the  platinum  crucibles  used  to  fuse  samples 
with  lithium  metaborate. 
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A  majority  of  Aspergillus  induced  diseases  are  re- 
ported to  be  caused  by  Aspergillus  fumigatus.  In 
immunocompromized  and  post  transplant  cases  it  can 
lead  to  invasive  aspergillosis.  Due  to  this  the  molecular 
fingerprinting  of  aspergillus  isolates  by  RFLP  analysis 
and  development  of  DNA  diagnostic  probes  are  gain- 
ing importance.  Different  methodologies  are  being 
adopted  for  extraction  of  the  genomic  DNA  from  fun- 
gus. The  existing  procedures  for  isolation  of  DNA  are 
time  consuming  and  range  from  several  hours  to  few 
days.  The  most  difficult  step  in  the  isolation  of  DNA 
from  aspergillus  species  is  to  disrupt  the  tough  chitin 
rich  cell  wall  without  causing  damage  to  genomic  DNA. 
The  authors  report  here  a  rapid  method  for  extraction 
of  genomic  DNA  based  on  the  cleavage  of  chitin  with 
chirinase.  The  subsequent  modification  steps  included 
are  lysis  and  microwave  treatment. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  (formerly  the  Natioanl  Bureau  if  Standards 
(NBS))  issued  the  first  botanical  reference  material  cer- 
tified for  elemental  content  in  January  1971,  as  Stand- 
ard Reference  Material  (SRM)  1571,  Orchard  Leaves. 
In  the  following  years  a  total  of  nine  additional  botanical 
certified  reference  materials  have  been  issued  by 
NIST.  Each  of  these  materials  was  certified  for  major, 
minor  and  trace  elements  except  for  SRM  2695,  cer- 
tified for  fluorine  only.  Botanical  SRMs  issued  since 
1991  are  significantly  improved  over  previous  mate- 
rials in  a  number  of  ways.  Probably  the  most  significant 
change  is  the  use  of  a  jet-milling  process  to  grind  them 
to  extremely  fine  particles.  This  has  resulted  in  botani- 
cal SRMs  wth  significantly  improved  homogeneity. 
These  NIST  reference  materials  are  described  with  in- 
formation on  homogeneity,  drying  techniques  and  grit 
content. 
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The  ASTM  Task  Group  on  Nuclear  Methods  of  Chemi- 
cal Analysis  (E1 0.052.1 2)  has  conducted  a  trace  ele- 
ment intercomparison  among  some  of  its  members 
over  the  past  two  years.  Eight  non-NIST  laboratories 
submitted  data  using  nuclear  techniques,  with  a  total 
of  111  values  for  the  apple  leaves  and  116  values  for 
the  peach  leaves,  on  46  to  50  elements,  respectively. 
This  intercomparison  provided  a  unique  opportunity  for 
the  analyical  laboratories,  because  the  analytical  val- 
ues submitted  could  be  later  compared  to  the  NIST 
certified  values.  For  the  seven  elements  which  were 
certified  by  NIST  and  had  three  or  more 
intercomparison  values,  the  results  showed  that:  (1) 
61%  of  all  56  intercomparison  values  submitted  had 
results  whose  stated  uncertainty  overlapped  the  uncer- 
tainty limits  of  the  NIST  certified  values,  and  (2)  less 
than  6%  of  the  intercomparison  values  had  means 
which  fell  outside  plus  or  minus  20%  of  the  NIST  val- 
ues. In  general,  the  intercomparison  values  submitted 
showed  excellent  agreement  with  the  NIST  values. 
However,  many  reported  uncertainties  accompanying 
intercomparison  values  appeared  overly  optimistic. 
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Blood  lithium  levels  may  be  both  genetically  and  envi- 
ronmentally regulated.  The  genetic  component  is  evi- 
denced mainly  from  studies  in  twins  who  were  either 
normal  or  had  a  manic-depressive  disorder.  An  envi- 
ronmental contribution  is  adduced  from  the  relationship 
between  the  blood  lithium  level  and  the  amount  of  the 
element  ingested.  No  such  information  is  available  for 
boron,  another  element  present  in  ultra  trace  amounts 
in  human  blood.  Unusually  high  levels  of  lithium  and 
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boron  in  the  waters  of  northern  Chile  offer  an  oppor- 
tunity to  study  the  genetic  and  environmental  regula- 
tion of  these  elements  in  the  blood  of  healthy  subjects. 
Samples  of  blood  (n  =  40)  and  water  (n  =  47)  were 
collected  at  seven  locations  in  the  province  of 
Tarapaca.  Most  of  the  healthy  subjects  were  Aymara 
who  had  been  resident  in  the  respective  communities 
for  at  least  3  years.  Because  some  of  the  individual 
subjects  (n  =  15)  were  first-degree  relatives,  a  genetic 
component  to  the  regulation  of  blood  levels  was  ex- 
plored. The  variance  in  blood  levels  of  lithium  and 
boron  was  significantly  greater  between  than  within 
families  (p  <  0.0001).  There  are  environmental  and  ap- 
parent genetic  contributions  to  the  regulation  of  blood 
levels  of  lithium  and  boron  in  healthy  human  subjects. 
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In  response  to  the  scheduled  destruction  of  U.  S.  mili- 
tary stockpiles  of  the  hallucinogenic  agent  3- 
quinuclidinyl  benzilate  (BZ),  a  specific  confirmatory  test 
for  human  exposure  to  BZ  was  developed.  The  amount 
of  the  parent  compound  in  the  urine  as  well  as  the  two 
major  metabolites,  3-quinuclidinol  (Q)  and  benzilic  acid 
(BA),  was  determined  since  the  exact  relationship  be- 
tween BZ  dose  and  levels  of  BZ  and  its  metabolites 
in  urine  is  not  well  known.  BZ  was  determined  in  urine 
samples  spiked  at  a  target  level  of  0.5  ng/mL  and  the 
metabolites  Ba  and  Q  were  determined  at  a  target  level 
of  5  ng/mL.  The  variabilities  in  the  method  are  more 
or  less  evenly  distributed  between  three  imprecision 
categories  (GC/MS  measurement,  sample  prepara- 
tion, and  sample).  The  imprecision  of  a  single  meas- 
urement is  about  15%  for  each  analyte.  The  method 
developed  uses  solid  phase  extraction  to  isolate  each 
analyte  from  the  urine  and  isotope  dilution  GC/MS  for 
quantitation.  Each  analyte  is  converted  to  its 
trimethylsilyl  derivative  for  analysis.  The  analytical 
method  was  tested  on  8  different  urines  spiked  with 
known  amounts  of  analytes  near  the  target  levels,  at 
ten  times  the  target  levels,  and  blank  (unspiked)  urine 
samples. 
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Three  methods  have  been  developed  for  the  analysis 
of  Oltipraz  in  serum.  A  method  suitable  for  routine  use 
employs  spiking  with  a  homologous  internal  standard, 
off-line  solid-phase  extraction,  high-performance  liquid 
chromatographic  separation,  and  optical  absorbance 
detection  at  450  nm.  Method  detection  limit  is  about 
1  ng/ml.  A  second  method,  less  susceptible  to  bias 
from  co-eluting  interferences,  uses  a  stable  isotope-la- 
beled internal  standard,  similar  extraction  and  separa- 
tion, and  detection  by  thermospray  mass  spectrometry. 
Method  detection  limit  is  about  0.2  ng/ml.  A  third  meth- 
od was  developed  which  can  be  used  without  specially 
synthesized  internal  standards,  it  uses  on-line  solid- 
phase  extraction,  with  quantification  by  comparison 
with  external  standards.  Method  detection  limit  is  about 
3  ng/ml.  Good  agreement  was  observed  between 
these  methods  and  with  similar  and  different  methods 
run  in  other  laboratories.  Calibration  curves  were  linear 
over  the  entire  range  which  was  investigated,  i.e.,  up 
to  500  ng/ml.  Coefficients  of  variation  were  similar  for 
all  three  methods,  being  about  5%. 
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We  developed  a  method  for  quantitatively  determining 
theophylline  in  serum,  using  a  heterogeneous 
immunoassay  called  flow-injection  immunoanalysis. 
The  reaction  involves  competition  between  serum 
theophylline  and  theophylline-labeled  liposomes.  Sep- 
aration occurs  on  a  solid-phase  reactor  column  con- 
taining immobilized  antibody  to  theophylline  incor- 
porated in  a  flow-injection  system.  Subsequent  lysis  of 
the  bound  liposomes  provides  sensitive  detection  of 
the  analyte.  Effective  regeneration  of  the  immobilized 
antibody  activity  allows  the  reactor  to  be  reused  for 
hundreds  of  sequential  samples.  Comparison  of  the  re- 
sults of  the  flow-injection  immunoassay  method  with 
results  obtained  with  a  commercially  available  fluores- 
cence polarization  method  showed  an  excellent  cor- 
relation. 
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The  accurate  and  precise  measurement  of  ascorbic 
and  dehydroascorbic  acids  in  human  plasma  requires 
reference  materials  of  demonstrable  stability  and  ho- 
mogeneity, and  analytical  methodology  of  demon- 
strable accuracy  and  precision.  We  have  developed  a 
rapid  (8  min.),  accurate  (gravimetric  and  assessed  val- 
ues agree)  and  precise  (CV<2%)  method  for  ascorbic 
acid  analysis.  The  stability  and  homogeneity  of 
lyophilized  plasma  samples  supplemented  with  ascor- 
bic acid  and  dithiothreitol  is  sufficient  for  the  materials 
to  be  used  as  control  or  reference  materials.  Plasma 
samples  supplemented  with  ascorbic  acid  and 
dehydroascorbic  acid,  and  preserved  with  5% 
metaphosphoric  acid  were  used  to  develop  an  assay 
for  dehydroascorbic  acid  and  to  study  the  stability  of 
both  ascorbic  and  dehydroascorbic  acid  under  these 
conditions.  The  assay  consists  of  measuring  the  native 
ascorbic  acid,  then  reducing  the  dehydroascorbic  acid 
at  neutral  pH  with  dithiothreitol  and  measuring  the  total 
ascorbic  acid.  The  metaphosphoric  acid  treated  sam- 
ples were  shown  to  be  stable  at  -70  C  and  the  stability 
decreased  with  temperature  over  the  range  of  4  to  50 
C. 
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Secondary  target  x-ray  excitation  (L-shell)  was  ex- 
plored for  possible  application  in  x-ray  systems  de- 
signed for  in  vivo  measurement  of  lead  in  bone  (e.g. 


tibia  bone)  for  screening  purposes.  Since  x-ray  output 
from  secondary  targets  is  due  mostly  to  characteristic 
x-rays  and  is  many  times  lower  than  from  direct  exci- 
tation from  high  power  tubes,  it  was  of  interest  to  meas- 
ure the  x-ray  dose.  This  consisted  of  the  experimental 
measurement  of  the  x-ray  fluorescence  followed  by  ap- 
propriate conversion  to  an  effective  equivalent  dose. 
Minimum  detection  limits  were  calculated  using  simu- 
lated bone  samples  (i.e.  bone  ash)  using  different  in- 
strumental configurations.  An  overlay  of  lucite  was 
used  to  simulate  the  absorption  of  the  skin  layer. 
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The  article  describes  the  type  of  reference  materials 
available  for  laboratories  conducting  urine  drug  testing. 
It  describes  how  laboratories  can  check  their  standards 
to  assure  accuracy  in  their  methods.  Some  description 
is  provided  on  how  NIST  determines  the  purity  of 
standard  reference  materials.  The  laboratories  doing 
the  drug  testing  do  not  have  the  time,  facilities,  or  ex- 
pertise to  test  their  standards  as  thoroughly  as  is  done 
at  NIST.  Some  recommendations  are  provided  con- 
cerning testing  that  these  laboratories  can  and  should 
perform  on  their  standards. 
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A  biosensor  system  using  flow  injection  analysis  (FIA) 
has  been  developed  for  the  analysis  of  glucose  in 
human  serum.  The  system  consists  of  the  enzyme  glu- 
cose oxidase  incorporated  into  graphite  paste  modified 
with  the  electroactive  material 

tetracyanoquinodimethane  (TCNQ).  Data  are  pre- 
sented to  show  the  effect  of  sample  injection  volume 
and  flow  rate  on  the  response  of  the  FIA  sensor.  The 
biosensor  exhibited  excellent  reproducibility  for  800  in- 
jections. The  loss  of  response  after  800  injections  was 
due  to  leaching  of  TCNQ  from  the  graphite  paste.  Each 
assay  takes  3  min  giving  a  sample  throughput  of  20 
per  hour  at  a  flow  rate  of  30  ml/h.  The  sensor  was  ap- 
plied to  the  determination  of  glucose  in  human  serum. 
The  glucose  measurements  are  in  good  agreement 
with  those  of  a  commercially  available 
spectrophotometric  method.  Data  showing  the  effect  of 
interfering  substances,  ascorbic  acid  and 
acetaminophen,  on  the  response  of  the  sensor  are  also 
reported. 
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The  National  Institute  of  Standards  and  Technology 
has  developed  and  certified  a  Standard  Reference  Ma- 
terial, SRM  2381,  for  use  in  testing  for  bias  in  deter- 
minations of  morphine  and  codeine  in  human  urine. 
Three  different  analytical  methods,  employing  GC/MS, 
LC/MS,  and  MS/MS,  were  used  to  certify  the  con- 
centrations of  each  analyte.  Results  from  the  three 
methods  were  in  good  agreement  and,  therefore,  were 
statistically  combined  to  yield  certified  values  of 
138,293,  and  578  ng/mL  for  morphine  and  134,283, 
and  591  for  codeine. 
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Eleven  laboratories  interested  in  the  analysis  of  human 
hair  for  drugs  of  abuse  participated  in  a  study  to  deter- 
mine how  well  drugs  could  be  detected  and  quantified 
in  hair.  Samples  sent  to  the  participating  laboratories 
included  hair  from  drug  users,  drug-free  hair,  and  hair 
into  which  drugs  had  been  soaked.  For  the  first  exer- 
cise, the  hair  samples  were  sent  as  powders;  for  the 
second,  they  were  in  the  form  of  short  segments.  Re- 
sults from  these  studies  have  shown  that  the  labora- 
tories, with  a  few  exceptions,  have  performed  very  well 
qualitatively.  Various  approaches  were  used  to  liberate 
drugs  from  the  hair,  with  the  most  commonly  used,  acid 
extractions  and  enzyme  digestions,  producing  similar 
results. 
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Methods  for  extraction  of  cocaine,  some  of  its 
metabolites,  morphine,  and  codeine  from  hair  and 
methods  for  analyzing  the  extracts  have  been  inves- 
tigated. Results  of  these  studies  have  shown  that  ex- 
tractions with  0.1  N  HCI  are  efficient  at  removing  the 
target  compounds  from  hair  and  appear  to  be  as  effec- 
tive as  enzymatic  digestions  that  dissolve  the  hair.  To 
assist  laboratories  in  evaluating  the  accuracy  of  their 
methods,  two  human  hair  reference  materials  with  rec- 
ommended concentrations  of  cocaine, 
benzoylecgonine,  morphine,  and  codeine  determined 
by  GC/MS  have  been  developed. 
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The  purpose  of  this  manual  is  to  summarize  several 
years  of  methods  development  and  refinement  for  the 
measurement  of  selected  fat-  and  water-soluble  vita- 
mins, carotenoids,  oltipraz,  and  glycyrrhetinic  acid  in 
serum  and  plasma  as  part  of  the  National  Institute  of 
Standards  and  Technology  (NIST)/National  Cancer  In- 
stitute (NCI)  Micronutrients  Measurement  Quality  As- 
surance Program.  The  manual  is  divided  into  six  sec- 
tions, each  containing  a  series  of  publications  pertain- 
ing to  the  measurement  of  the  specified  analyte(s).  A 
summary  of  factors  that  are  important  to  the  method 
performance  for  each  procedure  is  provided.  This  sum- 
mary is  included  to  help  the  analyst  focus  on  the  steps 
needed  to  implement  each  procedure. 
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The  issuance  of  cholesterol  as  a  Standard  Reference 
Material  (SRM)  in  1967  started  the  National  Institute 
of  Standards  and  Technology  (NIST;  then  named  the 
National  Bureau  of  Standards)  on  a  major  effort  to  help 
clinical  laboratories  establish  and  improve  the  quality 
of  measurements  they  make.  NIST  now  issues  three 
kinds  of  SRMs  for  that  purpose:  analyte  samples  of 
certified  purity  as  primary  standards,  serum  samples 
having  certified  analyte  concentrations  as  accuracy 
controls,  and  materials  certified  for  calibrating  instru- 
ments. In  working  with  clinical  laboratory  scientists  to 
establish  Reference  Methods  (RMs)  for  measuring  the 
analytes  NIST  developed  Definitive  Methods  (DMs)  to 
use  for  evaluating  RM  accuracy  and  then  used  the 
DMs  for  assigning  analyte  values  to  its  SRMs.  The  de- 
velopment of  SRMs  and  DMs  is  discussed. 


03,504 

PB96-120555       PC  A18/MF  A04 
National  Inst,  on  Drug  Abuse,  Rockville,  MD. 
Hair  Testing  for  Drugs  of  Abuse:  International  Re- 
search on  Standards  and  Technology. 

E.  J.  Cone,  M.  J.  Welch,  and  M.  B.  G.  Babecki. 
1995,  412p,  NIH/PUB-95-3727. 
Prepared  in  cooperation  with  National  Inst,  of  Stand- 
ards and  Technology,  Gaithersburg,  MD. 

Keywords:  'Hair,  'Drug  users,  'Quantitative  chemical 
analysis,  Detection,  Certification,  Test  methods,  Ana- 
lytical techniques,  Gas  chromatography,  Mass  spec- 
troscopy, Acid  extraction,  Enzyme  digestion, 
'Standard  reference  materials. 

Partial  Contents: 

Introduction  and  Overview: 
National  Institute  on  Drug  Abuse  Special 
Publication  on  Hair  Analysis  for  Drugs  of 
Abuse; 

Mechanisms  of  Incorporation  of  Drugs  Into  Hair 
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Testing  Human  Hair  for  Opiates  and  Cocaine  by 

Gas  Chromatography/Mass  Spectrometry  After 

Acid  or  Enzyme  Hydrolysis; 
Capillary  Electrophoresis: 
A  Novel  Tool  for  Toxicological  Investigation: 
Its  Potential  in  the  Analysis  of  Body  Fluids  and 

Hair; 

Comparison  of  Different  Extraction  Procedures  for 

Drugs  in  Hair  of  Drug  Addicts; 
Human  Scalp  Hair  as  Biopsy  Material  Suitable  for 

Quantitative  Analysis  in  Therapeutic  Drug 

Monitoring; 
Neonatal  Hair  Analysis: 

A  Tool  for  the  Assessment  of  In  Utero  Exposure 
to  Drugs. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  supports  accuracy  in  drugs  of  abuse  testing  by 
proving  Standard  Reference  Materials  (SRMs)  with 
certified  concentrations  of  drugs  of  abuse  in  urine-  and 
hair-based  reference  materials.  NIST,  working  in  col- 
laboration with  the  College  of  American  Pathologist 
(CAP),  has  developed  urine-based  SRMs  for  mari- 
juana metobolite,  cocaine  metabolite,  morphine  and 
codeine,  and  morphine  glucuronide  and  CAP  Ref- 
erence Materials  for  amphetamines  and  phencyclidine. 
Certification  measurements  performed  at  NIST  involve 
two  independent  methods  for  each  analyte,  one  of 
which  always  uses  GC/MS  with  the  other  usually  being 
an  LC  method  with  either  MS  or  UV  detection.  Work 
has  recently  been  completed  on  a  seven  component 
drug  in  urine  SRM.  In  addition  NIST  conducts  research 
in  the  analysis  of  hair  for  drugs  of  abuse.  To  assist  lab- 
oratories testing  hair  for  that  purpose,  NIST  has  devel- 
oped two  drugs  in  hair  reference  materials. 
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A  new  method  for  the  liquid  chromatographic- 
fluorescene  determination  of  serum  vitamin  K,  is  de- 
scribed using  reduction  of  the  K-quinone  to  the  fluores- 
cent K-hydroquinone.  The  reduction  reaction  occurs 
'on-line'  in  the  LC  system  using  a  catalytic  reducer  col- 
umn and  an  alcohol  mobile  phase  as  reductant.  A  pro- 
cedure for  serum  determination  utilizes  a  liquid-liquid 
serum  lipid  extraction  followed  by  normal-phase  frac- 
tionation on  a  solid-phase  extraction  cartridge.  The 
final  measurement  uses  a  reversed  phase  (C18) 
seperation  with  a  ethanol-methanol  mobile  phase  and 
provides  a  detection  limit  of  approximately  20  pg/ml. 
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A  research  project,  sponsored  by  the  National  Commit- 
tee for  Clinical  Laboratory  Standards  and  funded  by 
eight  manufacturers  of  clinical  potentiometric  instru- 
ments, is  being  conducted  in  the  Electroanalytical  Re- 
search Group  at  the  National  Institute  of  Standards  and 
Technology  (NIST,  formerly  NBS).  The  goal  of  this  re- 
search is  to  bring  conformity  to  the  direct 
potentiometric  measurements  of  sodium  and  potas- 
sium in  human  serum  through  the  development  of  ref- 
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erence  materials.  Currently,  different  manufacturers  of 
clinical  analyzers  each  recommend  their  own  calibra- 
tion standards.  These  materials  range  from  simple 
aqueous  solutions  to  complex  mixtures  containing  bo- 
vine serum  albumin.  Hence,  different  electrolyte  values 
for  the  same  sample  of  human  serum  analyzed  by  dif- 
ferent instruments  are  not  uncommon.  A  series  of  four 
interlaboratory  tests  has  been  carried  out  to  quantify 
the  problem  and  to  identify  the  most  suitable  reference 
materials.  Ideally,  an  accurate  calibration  standard 
should  simulate  the  actual  sample  to  minimize  the  ef- 
fects of  liquid  junction,  activity,  protein  volume,  and 
other  factors  that  affect  the  electrode  potential.  It  also 
should  also  be  easy  to  prepare  in  large  quantities,  be 
stable  for  long  periods,  and  be  convenient  to  use  in 
hospital  laboratory  environment. 
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The  Natioanl  Institute  of  Standards  and  Technology 
(formerly  the  National  Bureau  of  Standards),  in  co- 
operation with  the  College  of  American  Pathologists 
(CAP),  has  certified  the  concentrations  of 
phencyclidine  (PCP)  in  two  new  reference  materials 
(RMs).  One  of  these  materials  is  Standard  possibility 
of  undetected  bias,  two  independent  analytical  meth- 
ods, employing  gas  chromatography-mass  spectrom- 
etry and  liquid  chromatography-mass  spectrometry 
and  liquid  chromatography-mass  spectrometry,  were 
used  to  certify  PCP  in  these  materials.  Results  from 
the  two  methods  were  in  good  agreement  and  were 
statistically  combined  to  yield  certified  values. 
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Fourteen  laboratories  interested  in  the  analysis  of 
human  hair  for  drugs  of  abuse  participated  in  a  fifth 
interlaboratory  study  to  determine  how  well  drugs 
could  be  detected  and  quantified  in  hair.  The  drugs  of 
above  included  cocaine,  benzoylecgonine, 
cocaethylene,  codeine,  morphine,  and  6- 
monoacetylmorphine.  The  size  hair  samples  analyzed 
included  three  in  the  form  of  short  segments  and  three 
in  a  powder  form  and  included  hair  from  drug  users, 
drug-fortified  hair  (drug-free  hair  into  which  drugs  had 
been  soaked),  and  drug-free  hair.  Results  from  the 
study  show  that  the  laboratories  performed  well  quali- 
tatively, particularly  for  drug  levels  above  0.5  ng/mg. 
While  there  was  significant  scatter  in  quantitative  re- 
sults, results  were  less  scattered  overall  than  had  been 
seen  previously.  Various  methods  were  used  to  extract 
the  drugs  from  the  hair,  and  the  most  commonly  used 
approaches  (i.e.,  acid  extraction,  methanol  extractions, 
and  enzyme  digestions)  have  comparable  results.  For 
analysis  of  the  extracts,  gas  chromatography/mass 
spectrometry  (GC/MS)  was  used  by  all  but  one  labora- 
tory, which  used  a  radioimmunoassay  (RIA).  Of  the 
laboratories  using  GC/MS,  some  produced  consist- 
ently good  results,  while  others  produced  poorer  qual- 
ity results. 
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Fourteen  laboratories  interested  in  the  analysis  of 
human  hair  for  drugs  of  abuse  participated  in  a  fourth 
interlaboratory  study  to  determine  how  well  drugs 
could  be  detected  and  quantitated  in  hair.  The  drugs 
of  abuse  included  cocaine,  benzoylecgonine, 
cocaethylene,  codeine,  morphine,  and  6- 
monoacetylmorphine.  The  hair  samples  analyzed  were 
in  the  form  of  short  segments  and  included  hair  from 
drug  users,  soaked  hair  (drug-free  hair  into  which 
drugs  had  been  soaked),  and  drug-free  hair.  Results 
from  the  study  show  that  the  laboratories  performed 
well  qualitatively,  but  that  there  was  a  large  amount  of 
scatter  in  quantitative  results. 
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The  authors  demonstrate  that  total  ascorbic  acid  (TAA, 
the  sum  of  ascorbic  acid  and  dehydroascorbic  acid)  in 
property  prepared  human  plasma  is  stable  at  -70  de- 
grees C  for  at  least  6  years  when  preserved  with 
dithiothreitol.  TAA  in  human  plasma  or  serum  pre- 
served with  metaphosphoric  acid  degrades  slowly,  at 
the  rate  of  no  more  than  1%  per  year.  As  assessed 
from  the  stability  data  and  from  data  obtained  from  23 
laboratories  over  a  period  of  greater  than  2  years,  the 
intralaboratory  repeatability  of  TAA  measurements  is 
approximately  2  micromol/L,  irrespective  of  TAA  con- 
centration. Nonchromatographic  analytical  methods  in- 
volving dinitrophenylhydrazine  and  o-phenyl- 
enediamine  yield  biased  results  relative  to 
chromatographic  methods. 
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A  C30  stationary  phase  was  specifically  engineered  for 
carotenoid  separations,  and  carotenoid  measurements 
using  this  column  are  compared  with  those  obtained 
using  a  somewhat  more  conventional  C18  column. 
Both  methods  were  used  to  contribute  measurements 
for  the  certification  of  carotenoids  in  Standard  Ref- 
erence Material  968b,  Fat-Soluble  Vitamins  and  Cho- 
lesterol in  Human  Serum.  Analytes  were  extracted 
from  the  serum  into  hexane.  Measurements  on  the 
C1 8  column  were  made  using  a  gradient  of  acetonitrile, 
methanol,  and  ethyl  acetate,  which  is  described  in  de- 
tail elsewhere.  Measurements  on  the  C30  column  were 
made  using  a  graident  of  water,  methanol,  and  methyl 
tert.-butyl  ether. 
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The  measurement  of  absorbed  dose  as  well  as  dose 
distributions  (profiles  and  isodose  curves)  for  small  ra- 
diation fields  (as  encountered  in  stereotactic  surgery) 
has  been  difficult  due  to  the  usual  large  detector  size 
or  densitometer  aperture  (>  1  mm)  relative  to  the  radi- 
ation field  (as  small  as  4  mm).  The  radiochromic  direct- 
imaging  film,  when  read  with  a  scanning  laser 
microdensitometer  (laser  beam  diameter  0.1  mm), 
overcomes  this  difficulty  and  has  advantages  over  con- 
ventional film  in  providing  improved  precision,  better 
tissue  equivalence,  greater  dynamic  range,  higher  spa- 
tial resolution,  and  room  light  handling.  As  a  dem- 
onstration of  suitability,  the  calibrated  radiochromic  film 
has  been  used  to  measure  the  dose  characteristics  for 
the  18-,  14-,  8-,  and  4-mm  fields  from  the  gamma-ray 
stereotactic  surgery  units  at  the  Mayo  Clinic  and  the 
University  of  Pittsburgh.  Intercomparisons  of 
radiochromic  film  with  conventional  methods  of  dosim- 
etry and  vendor-supplied  computational  dose  planning 
system  values  indicate  agreement  to  within  +  or  -  2%. 
The  dose,  dose  profiles,  and  isodose  curves  obtained 
with  radiochromic  film  can  provide  high-spatial-resolu- 
tion information  of  value  for  acceptance  testing  and 
quality  control  of  dose  measurement  and/or  calcula- 
tion. 
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Juvenile  rheumatoid  arthristis  (JRA)  has  been  associ- 
ated with  short  stature.  However,  the  specific  cause  is 
unknown.  One  hypothesis  is  that  altered  growth  is  due 
to  inadequate  nutrition.  The  authors  looked  at  34  chil- 
dren with  JRA  and  9  healthy  controls  using  3-day  diet 
records,  anthropometric  measures  and  biochemical 
analysis  of  plasma  protein,  vitamin  and  mineral  levels. 
The  children  with  JRA  were  compared  between  groups 
according  to  type  of  JRA:  systemic,  polyarticular  and 
pauciarticular.  Significant  differences  in  growth  and 
biochemical  status  were  found.  Those  with 
polyarticular  or  systemic  types  of  JRA  had  lower  levels 
of  zinc,  vitamins  A  and  C,  and  retinol  binding  protein. 
No  direct  relationship  between  intake  and  plasma  lev- 
els of  nutrients  was  found.  However,  alterations  in  nu- 
tritional needs  according  to  disease  type  and  severity 
could  not  be  ruled  out. 
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Standard  reference  materials  (SRM's)  were  designed 
for  the  measurement  of  radiolytic  products  resulting 
from  OH  radical  reaction  with  DNA  in  patients  treated 
by  radiation  therapy.  Deuterated  thymine  glycol  and 
thymidine  glycol  are  proposed  as  such  SRM's;  the  syn- 
thesis of  the  former  is  described  in  detail.  They  might 
be  of  importance  for  optimizing  the  therapy. 
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The  sealed  water  calorimeter  is  intended  for  direct 
measurement  of  absorbed  dose  to  water.  This  calo- 
rimeter was  used  for  a  series  of  approximately  3700 
measurements  to  investigate  the  so-called  heat  defect, 
that  is,  anomalous  endothermic  or  exothermic  effects 
caused  by  dissolved  gases.  The  three  systems  inves- 
tigated were  high-purity  water  saturated  with  N2,  H2, 
and  mixtures  of  H2/02.  The  repeatability  of  measure- 
ments of  absorbed  dose  rates  for  the  (60)Co  tele- 
therapy beam  was  studied  with  different  water  fillings 
and  accumulated  absorbed  dose.  Measurements  with 
the  H2/02  system  varied  with  accumulated  absorbed 
dose.  Based  on  the  measurements  and  theoretical 
considerations,  it  appears  that  the  H2-saturated  sys- 
tem is  the  best  choice  for  eliminating  the  heat  defect. 
Measurements  with  both  the  N2-  and  H2-saturated 
systems  are  in  good  agreement  with  those  determined 
with  a  graphite  and  graphite-water  calorimeter  (for 
which  there  is  no  heat  defect). 
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A  method  is  described  for  the  direct  measurement  of 
the  radial  dose  distributions  around  small  (from  several 
mm  down  to  tens  of  micrometers  in  diameter)  beta  par- 
ticle emitters.  The  method  employs  the  high  resolution 
readout  of  radiochromic  dye  foils.  These  foils  form  a 
blue  image  upon  irradiation  and  require  no  processing 
to  stabilize  the  image.  The  color  change  (in  units  of 
absorbance)  is  nearly  linear  with  absorbed  dose  over 
a  range  of  10  Gy  to  1000  Gy  and  the  response  to  elec- 
trons is  nearly  identical  to  (60)Co  gamma  radiation 
which  makes  the  system  easy  to  calibrate.  Readout  is 
performed  with  a  laser  scanning  densitometer  with  a 
100  micrometer  spot  size  which  can  be  stepped  in  in- 
crements of  40  micrometers  in  two  dimensions.  Exam- 
ples of  the  results  of  measurements  of  (90)Sr/(90)Y 
eye  applicators  as  well  as  particle  sources  of  (90)Sr/ 
(90)Y,  (60)Co,  and  (170)Tm  are  given. 
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A  new  isotope  dilution  mass  spectrometric  method  for 
total  glycerides  and  triglycerides  in  human  serum  is  de- 
scribed. Total  glycerides  are  defined  as  the  sum  of  tri- 
,  di-,  and  monoglycerides  plus  free  glycerol; 
triglycerides  are  defined  as  the  pure  triglyceride  spe- 
cies. In  both  determinations,  serum  samples  are  sup- 
plemented by  additon  of  (13C3)  tripalmitin,  processed, 
derivatized,  and  the  abundance  ratios  of  selected  ions 
are  determined.  The  CV  for  a  single  measurement 
ranged  from  0.35%  to  0.72%,  and  the  relative  SEM 
ranged  from  0.10%  to  0.34%;  there  was  no  significant 
bias  in  the  measurements.  The  combination  of  high 
precision  and  absence  of  significant  bias  in  the  results 
qualify  this  method  for  consideration  as  a  Definitive 
Method  as  defined  by  the  National  Committee  for  Clini- 
cal Laboratory  Standards. 
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This  report  documents  a  preliminary  investigation  into 
the  anlaytical  characterization  of  Oleoresin  Capsicum 
(OC),  an  oily  extract  of  hot  peppers  that  is  increasingly 
used  in  law  enforcement  applications.  Being  a  natural 
product,  it  is  subject  to  variations  in  composition.  The 
characteristic  hot  sensation  or  pungency  is  quantified 
in  the  industry  in  terms  of  'Scoville  Heat  Units,'  (SU). 
SU  is  defined  as  the  dilution  at  which  the  pungency 
can  barely  be  detected  by  a  trained  taster.  Pure  cap- 
saicin, the  most  pungent  constituent,  has  an  SU  value 
of  16  times  10  to  the  sixth  power  mL/g  (milliliters  of 
diluent  per  gram  of  base  material).  Recently,  OC  has 
come  into  use  as  a  pain-producing  agent  in  aerosol 
sprays  used  in  an  attempt  to  subdue  violent  individ- 
uals. This  use  raises  the  question  of  how  to  assign  an 
objective  index  of  potency  to  these  sprays.  Published 
information  on  the  pharmacology  of  capsaicinoid  com- 
pounds has  been  studied  to  examine  correlations  be- 
tween pungency  and  pain  production.  Experiments  in 
the  analytical  chemistry  of  OC  have  been  carried  out 
to  check  the  feasibility  of  determining  the  concentra- 
tions of  the  pungent  constituents. 
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Brachytherapy  sources  of  beta  and  gamma  radiation 
('brachy'  is  from  the  Greek,  meaning  'near1)  have  a 
long  history  of  use  in  interstitial,  intracavitary, 
intraluminal,  and  ocular  radiation  therapy.  In  the  past 


the  US  national  standards  for  these  sources  were  often 
specified  in  activity  of  milligram  radium  equivalent. 
With  the  introduction  of  new  radionuclide  sources  to 
replace  radium.  Source  strength  calibrations  are  now 
expressed  as  air  kerma  rate  at  a  meter.  In  the  paper, 
the  authors  review  the  NIST  standards  for 
brachytherapy  sources,  list  some  of  the  common  radio- 
nuclides and  source  encapsulations  in  use  in  the  US 
radiology  community,  and  describe  the  latest  NIST 
work,  in  collaroation  with  several  US  medical  institu- 
tions, on  a  method  of  two-and  three-dimensional  dose 
mapping  of  brachytherapy  sources  using  radiochromic 
films. 
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Yttrium-90  radioassays  are  required  in  nuclear  medi- 
cine at  the  gigabecquerel  activity  level  (Gbq)  for  meas- 
uring injected  activity,  and  at  the  becquerel  level  for 
measuring  individual  tissue  samples  in  biodistribution 
studies.  A  method  of  standardizing  90Y  for  activity 
using  high-efficiency  liquid-scintillation  counting  is  de- 
scribed. Solution  standards  were  used  to  establish  the 
calibration  factors  for  commercial  radionuclide-cali- 
brators.  Detection  efficiencies  are  also  presented  for 
liquid-scintillation  counting.  Nal(Ti)  bremsstrahlung 
counting  and  Cerenkov  counting. 
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The  water  absorbed  dose  calorimeter  allows  the  water 
absorbed  dose,  the  measure  and  in  radiotherapy,  to 
be  measured  in  accordance  with  its  definition.  Its  appli- 
cation, however,  requires  the  suppression  convection. 
In  the  present  paper  the  authors  investigate  how  far 
the  convection  problem  may  be  solved  by  mechanical 
means,  for  the  case  of  60C-gamma  radiation. 
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We  have  previously  shown  that  the  DNA  of  the  uni- 
cellular eukaryote  T.  brucei  contains  about  0.1%  of  a 
novel  modified  base,  called  J.  The  presence  of  J  cor- 
relates with  a  DNA  modification  associated  with  the  si- 
lencing of  telomeric  expression  sites  for  the  variant  sur- 
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face  antigens  of  trypanosomes.  Here  we  show  that  J 
is  5-((beta-D-glucopyranosyloxy)-methyl)-uracil  (short- 
ened to  beta-D-glucosyl-hydroxymethyluracil),  a  base 
not  previously  found  in  DNA.  We  discuss  putative  path- 
ways for  the  introduction  of  this  base  modification  at 
specific  positions  in  the  DNA  and  the  possible  contribu- 
tion of  this  modification  to  repression  of  surface  antigen 
gene  expression. 
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Efforts  have  been  made  to  characterize  and  measure 
DNA  modifications  produced  in  mammalian  chromatin 
in  vitro  and  in  vivo  by  a  variety  of  free  radical-producing 
systems.  Methodologies  incorporating  the  technique  of 
gas  chromatography/mass  spectrometry  have  been 
used  for  this  purpose.  A  number  of  products  from  all 
four  DNA  bases  and  several  DNA-protein  cross-links 
in  isolated  chromatin  have  been  identified  and 
quantitated.  Product  formation  has  been  shown  to  de- 
pend on  the  free  radical-producing  system  and  the 
presence  or  absence  of  oxygen.  A  similar  pattern  of 
DNA  modifications  has  also  been  observed  in  chro- 
matin of  cultured  mammalian  cells  treated  with  ionizing 
radiation  or  H202  and  in  chromatin  of  organs  of  ani- 
mals treated  with  carcinogenic  metal  salts. 
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The  authors  investigated  whether  phorbol-12-acetate- 
13-myristate  (PMA)-activated  human 

polymorphonuclear  leukocytes  (PMNs)  induce  base 
modifications  in  target  cell  DNA  in  vivo.  Human  PMNs 
produced  9.4  +  or  -  0.8  (SD)  nmol  of  H2O2/10  to  the 
sixth  power  cells  during  50  min  of  exposue  to  2 
micrograms/ml  PMA  and  13.7  +  or  -  2.8  nmol/10  to  the 
sixth  power  cells  during  exposure  to  PMA  plus  5  mM 
NaN3.  Neither  nonstimulated  PMNs,  nor  PMA  alone, 
nor  NaN3  alone  induced  base  modifications  in  chro- 
matin-associated  DNA  of  human  Ad293  cells  above 
control  levels,  when  assayed  by  gas  chromatography/ 
mass  spectrometry  with  selected-ion  monitoring,  How- 
ever, a  60-min  exposure  to  1.7  +  or  -  0.4  times  10  to 
the  sixth  power  PMNs/ml  in  the  presence  of  2 
micrograms/ml  PMA  induced  a  2-3-fold  increase  in  the 
level  of  all  modified  bases  detected  by  gas  chroma- 
tography/mass spectrometry  with  selected-ion  mon- 
itoring. The  guanine-derived  products  8- 
hydroxyguanine  and  2,6-diamino-4-hydroxy-5- 
formamidopyrimidine,  and  the  adenine-derived  product 
4,6-diamino-5-formamidopyrimidine  were  induced  to 
the  highest  levels  among  those  bases  detected.  These 
data  demonstrate  that  exposure  to  activated  PMNs 
causes  DNA  base  modifications  in  target  cells  in  vivo 
typical  of  those  induced  by  hydroxyl  radical  attack.  The 
induction  of  potentially  promutagenic  modified  bases 
may  contribute  to  the  mutagenicity  of  activated  PMNs. 
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This  paper  examines  the  effect  of  variables  on  protein 
and  nucleic  acid  partitioning  in  aqueous  two-phase  ex- 
traction systems  composed  of  salt  and  polyethylene 
glycol  (PEG).  The  variables  that  can  be  changed  in 
these  systems  include:  pH,  PEG  concentration,  PEG 
molecular  mass,  salt  type,  salt  concentration  and  addi- 
tion of  protein  denaturants  such  as  chaotropic  salts 
and  detergents.  Methods  for  the  preparation  of  high 
molecular  mass  DNA  from  crude  mixtures  are  de- 
scribed. These  methods  offer  the  advantages  of  sim- 
plicity, speed  and  use  of  nontoxic  materials. 
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Microwave  energy,  at  manually-adjusted,  partial  power 
settings  has  been  used  to  hydrolyze  bovine  serum  al- 
bumin at  125  C.  Hydrolysis  was  complete  within  2  h, 
except  for  valine  and  isoleucine  which  were  completely 
liberated  within  4  h.  The  amino  acid  destruction  was 
less  than  that  observed  at  similar  hydrolysis  conditions 
with  other  methods  and  complete  hydrolysis  was 
achieved  more  rapidly.  These  results  provide  a  basis 
for  automating  the  process  of  amino  acid  hydrolysis. 
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High  product  yield  is  important  for  the  successful  com- 
mercialization of  any  chemical  reaction.  The  factors  in- 
fluencing the  product  yields  are  temperature,  ionic 
strength,  pH,  and  the  concentrations  of  the  substrates 
and  cofactors.  Thermodynamics  plays  an  important 
role  in  understanding  the  interrelationships  between 
these  various  factors.  Thus,  a  knowledge  of  the  Gibbs 
energy,  enthalpy,  and  heat  capacity  change  can  be 
used  to  calculate  the  optimal  product  yield.  This,  in 
turn,  is  important  in  assessing  the  economic  viability 
of  the  reaction.  Thermodynamic  data  also  provides  the 
amount  of  heat  evolved  or  absorbed  in  a  reaction  and 
defines  the  energy  costs  for  that  reaction.  Thus,  a  reac- 
tion can  be  carried  out  under  optimal  condition  to  en- 
sure maximum  life  and  activity  of  the  enzyme.  In  con- 
sideration of  these  points,  a  thermodynamic  assess- 
ment will  be  made  for  several  enzyme-catalyzed  reac- 
tions of  industrial  importance. 
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Enzymes  were  first  immobilized  on  inorganic  supports 
through  silane  coupling  agents  over  25  yr  ago.  Since 
that  initial  report,  literally  hundreds  of  laboratories  have 
utilized  this  methodology  for  the  immobilization  of  en- 
zymes, antigens,  antibodies,  receptors,  and  other  high 
and  low  mol  wt  compounds.  Today  silane  coupling  is 
one  of  the  commonly  used  techniques  in  the  arsenal 
of  the  biochemist  for  the  binding  of  material  of  all  sorts 
to  inorganic  surfaces.  Inorganic  materials  come  in  a 
variety  of  shapes,  sizes,  and  characteristics.  Sol-gel 
entrapped  enzymes  are  also  produced  by  the  applica- 
tion of  silane  technology  by  the  polymerization  of  the 
silane  to  form  glass-like  materials  with  entrapped  pro- 
tein. This  review  will  discuss  the  general  preparation 
and  characterization  of  silane  coupled  proteins  with 
special  emphasis  on  enzymes  and  describe  in  detail 
the  actual  methods  for  the  silanization  and  specific 
chemical  coupling  of  proteins  to  the  silanized  carrier. 
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Dynamic  light-scattering  techniques  have  been  suc- 
cessfully used  for  the  assay  of  several  hydrolytic  en- 
zymes. The  enzymes  were  assayed  using  substrate- 
coated  colloidal  particles.  Hydrolysis  of  the  substrate 
coat  causes  destabilization  of  the  particles  followed  by 
particle  aggregation.  The  rate  of  particle  aggregation 
can  be  related  to  the  initial  concentration  of  added  en- 
zyme. 
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The  96N  mutant  of  bacteriorhodopsin  (BR)  has  been 
successfully  trapped  in  a  sol-gel  glass.  The  protein  re- 
tains its  light-sensitive  properties  when  immobilized  at 
pH  9.0.  Spectroscopic  studies  on  the  immobilized  BR 
shows  properties  similar  to  those  observed  when  in 
suspension. 
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Heat-shock  proteins  are  normal  constituents  of  cells 
whose  synthesis  is  increased  on  exposure  to  various 
forms  of  stress.  They  are  interesting  because  of  their 
ubiquity  and  high  conservation  during  evolution.  Two 
families  of  heat-shock  proteins,  hsp60s  and  hsp70s, 
have  been  implicated  in  accelerating  protein  folding 
and  oligomerization  and  also  in  maintaining  proteins  in 
an  unfolded  state,  thus  facilitating  membrane  trans- 
port. The  Escherichia  coli  hsp70  analogue,  DnaK,  and 
two  other  heat-shock  proteins,  DnaJ  and  GrpE,  are  re- 
quired for  cell  viability  at  high  temperatures  and  are  in- 
volved in  DNA  replication  of  phage  lambda  and 
plasmids  P1  and  F.  These  three  proteins  are  involved 
in  replication  in  vitro  of  P1  DNA  along  with  many  host 
replication  proteins  and  the  P1  RepA  initiator  protein. 
RepA  exists  in  a  stable  protein  complex  with  DnaJ  con- 
taining a  dimer  each  of  RepA  and  DnaJ.  We  report 
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here  that  DnaK  and  DnaJ  mediate  an  alteration  in  the 
P1  initiator  protein,  rendering  it  much  more  active  for 
oriP1  DNA  binding. 
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A  flow  injection  analysis  (FIA)  system  was  designed 
for  the  determination  of  free  and  liposome-released 
peroxidase  activity.  The  inclusion  of  an  extra  washing 
channel  in  the  FIA  system  provided  a  solution  to  prob- 
lems of  electrode  fouling  and  slow  recovery  of  re- 
sponse. The  addition  of  Triton  X-100  to  acetate  buffer 
resulted  in  an  effective  and  reliable  wash  solution,  and 
improved  the  electrode  recovery  rate  by  a  factor  of 
three.  The  sensitivity  also  increases  by  about  20%  for 
the  enzyme  with  3  mU  activity  by  using  the  wash  solu- 
tion containing  Triton  X-100.  Based  on  16  replicate 
measures  of  the  solution  containing  3  mU  enzyme,  the 
relative  standard  deviation  of  the  enzyme  determina- 
tion was  1 .5%.  Based  on  the  sensitivity  obtained  with 
this  prototype  FIA  system,  it  should  be  possible  to 
adapt  this  approach  to  an  immunochemical-based  flow 
injection  analysis  system  capable  of  measuring  an 
analyte  at  the  femtomole  level. 
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The  excision  of  modified  bases  from  DNA  by 
Escherichia  coli  endonuclease  III  was  investigated. 
Modified  bases  were  produced  in  DNA  by  exposure  of 
dilute  buffered  solutions  of  DNA  to  ionizing  radiation 
under  oxic  or  anoxic  conditions.  The  technique  of  gas 
chromatography/mass  spectrometry  (GC/MS)  was 
used  to  identify  and  quantify  1 6  pyrimidine-  and  purine- 
derived  DNA  lesions.  DNA  substrates  were  incubated 
either  with  the  native  enzyme  or  with  the  heat-inac- 
tivated enzyme.  Subsequently,  DNA  was  precipitated. 
Pellets  were  analyzed  by  GC/MS  after  hydrolysis  and 
derivatization.  Supernatant  fractions  were  analyzed 
after  derivatization  without  hydrolysis.  The  results  pro- 
vided unequivocal  evidence  for  the  excision  by  E.  coli 
endonuclease  III  of  a  number  of  thymine-  and  cytosine- 
derived  lesions  from  DNA.  None  of  the  purine-derived 
lesions  was  excised  by  endonuclease  III.  The  present 
work  extends  the  substrate  specificity  of  E.  coli 
endonuclease  III  to  another  thymine-derived  and  four 
cytosine-derived  lesions.  It  is  the  first  investigation  of 
the  substrate  specificity  of  this  repair  enzyme  in  the 
context  of  a  large  number  of  pyrimidine-  and  purine- 
derived  lesions  in  DNA. 


03,536 

PB95-1 63036       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Biotechnology  Div. 
Electrophoretic  Separations  of  Polymerase  Chain 
Reaction:  Amplified  DNA  Fragments  in  DNA  Typ- 
ing Using  a  Capillary  Electrophoresis-Lased  In- 
duced Fluorescence  System. 
Final  rept. 

K.  Srinivasan.  1993,  9p. 

Sponsored  by  National  Inst,  of  Justice,  Washinqton, 
DC. 

Pub.  in  Jnl.  of  Chromatography  A  652,  p83-91  1993. 

Keywords:  'Polymerase  chain  reaction, 
'Deoxyribonucleic  acids,  'Fluorescence  spectroscopy, 


Lasers,  Ultraviolet  spectroscopy,  Apolipoproteins  B, 
Alleles,  Viral  DNA,  Bacteriophages,  Reprints, 
"Capillary  electrophoresis. 

Analysis  of  polymerase  chain  reaction  (PCR)-amplified 
DNA  fragments  for  human  identification  requires  high- 
resolution  separation  and  efficient  detection  of  ampli- 
fied alleles.  Capillary  electrophoresis  (CE)  with  its 
speed,  automation,  high  resolution  and  efficiency 
shows  promise  for  analyzing  the  amplified  DNA  frag- 
ments. CE  with  UV  detection,  however,  suffers  from 
lack  of  detector  sensitivity  owing  to  the  limited  detec- 
tion path  length  of  the  capillary.  By  the  use  of 
intercalating  dyes  (TOTO  and  YOYO)  a  laser-induced 
fluorescence  (LIF)  detection  system  can  provide  much 
greater  sensitivity  for  detecting  DNA  fragments. 
Femtogram  quantities  of  dsDNA  (Phi  X174  Haelll  re- 
striction digest  mixture)  per  nanoliter  of  injected  vol- 
ume have  been  detected.  Application  of  CE-LIF  to 
analysis  of  PCR-amplified  DNA  fragments  from  three 
different  genetic  loci  (apolipoprotein  B,  VNTR  locus 
D1S80,  mitochondrial  DNA)  is  shown  here.  Further, 
the  resolving  power  of  a  polymer-network  capillary 
separation  system  is  compared  to  that  of  a  capillary- 
gel  separation  system. 
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Electric  field  induced  permeabilization  of  cell  mem- 
branes is  a  potentially  important  technique  for  bio- 
medical research.  Its  application  includes  gene 
transfection  and  cell  hybridization.  To  study  the  mech- 
anism of  this  process,  Mehrle  et  al.  monitored  the  up- 
take of  fluorescent  indicator  by  plant  protoplasts 
(Avena  Mesophyll)  and  showed  the  permeabilization 
occurs  predominantly  on  the  hemisphere  facing  the 
positive  electrode.  However,  Dimitrov  and  Sowers 
using  erythrocyte  ghosts  loaded  with  fluorescent-la- 
beled dextran  demonstrated  that  the  probes  exit 
through  the  hemisphere  facing  the  negative  electrode. 
They  proposed  that  electopores  were  symmetrically 
formed  and  electroosmosis  is  the  dominant  mecha- 
nism for  molecular  exchange  in  electroporation.  To  re- 
solve these  'apparent'  controversial  observations,  we 
conducted  a  systematic  study  of  electroporation  of 
NIH3T3  cells  with  varying  electric  field  strength,  wave- 
form and  frequency.  Results  indicate  the  electro- 
permeabilization of  cell  membranes  is  affected  by  its 
resting  potential  and  electroosmosis  is  not  the  domi- 
nant mechanism  for  the  cellular  uptake  of  foreign  mol- 
ecules in  electroporation. 
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The  application  of  simple  (and  complicated)  physical 
principles  to  the  action  of  gravitational  acceleration  in- 
side the  cell  depends  heavily  on  our  understanding  of 
the  physical  properties  of  the  cell  interior.  While  sub- 
stantial progress  has  been  made  in  the  last  decade  on 
understanding  cytoskeletal  structure  and 
bioenergetics,  the  dynamics  of  intracellular  and 
intercellular  forces  requires  considerable  further  study. 
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The  mini-PI  plasmid  origin  of  replication  is  contained 
on  a  246  base  pair  (bp)  piece  of  DNA.  At  one  end  there 
are  five  19  bp  binding  sites  for  the  PI  initiator  protein, 
RepA  and  near  the  other  end  there  are  two  9  bp  DnaA 
protein  binding  sites.  To  further  define  the  limits  of  the 
origin  we  cloned  the  origin  region  in  M13  and  con- 
structed deletions  of  either  end.  We  sequenced  the 
DNA  and  tested  the  RF  1  DNA  of  the  deletion  phages 
for  their  ability  to  support  RepA-dependent  DNA  rep- 
lication in  an  in  vitro  system.  The  origin  that  is  func- 
tional in  vitro  could  be  reduced  to  202  bp.  It  includes 
three  intact  and  one  incomplete  RepA  binding  sites  at 
one  end  and  the  two  DnaA  binding  sites  at  the  other 
end.  When  the  two  naturally  occurring  DnaA  binding 
sites  were  replaced  with  one  or  two  synthetic  sites, 
only  the  construction  containing  two  sites  was  active 
in  vitro.  We  found  that  the  minimal  origin  that  is  func- 
tional in  vivo  contains  all  of  the  five  RepA  and  the  two 
DnaA  binding  sites.  Mini-PI  plasmid  replication  both  in 
vivo  and  in  vitro  requires  two  initiator  proteins,  the 
Escherichia  coli  DnaA  protein  and  the  PI  RepA  protein. 
We  have  found  that  the  ADP  form  of  DnaA  is  as  active 
as  the  ATP  form  of  the  protein  in  the  in  vitro  replication 
of  mini-PI.  In  contrast,  only  the  ATP  form  is  active  for 
in  vitro  replication  of  plasmids  carrying  the  E.  coli  ori- 
gin. 
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Measurement  of  oxidative  DNA  damage  by  gas  chro- 
matography-mass  spectrometry  (GC/MS)  is  described. 
The  use  of  GC/MS  with  selected-ion  monitoring  facili- 
ties unequivocal  identification  and  quantification  of  a 
large  number  of  modified  bases,  nucleosides  and 
DNA-protein  cross-links  that  are  produced  in  DNA  or 
nucleoprotein  by  free  radicals  or  by  other  DNA-damag- 
ing  agents.  Recently  available  stable  isotope-labeled 
compounds  permit  precise  quantification  at  low  analyte 
concentrations.  Methodologies  involved  are  presented 
and  discussed  in  detail. 
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An  optical  sensor  based  on  coupling  the  swelling  of  a 
polymer  gel  to  a  change  in  fluorescence  intensity  is  dis- 
cussed. A  fluorophore,  an  amine  functional  group  and 
the  enzyme  glucose  oxidase  were  each  incorporated 
into  a  crosslinked  polymer  gel,  which  was  formed  on 
the  end  of  a  fiber  optic  rod.  While  the  amount  of 
fluorophore  remains  constant,  the  gel  volume  changes 
in  response  to  a  change  in  the  ionization  state  of  the 
amine  moiety.  This  change  is  related  to  glucose  con- 
centration. These  effects  were  examined  along  with 
subsequent  changes  in  the  fluorescence  of  the  gel. 
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The  data  obtained  during  an  interlaboratory  precision 
study  sponsored  by  the  Technical  Working  Group  of 
DNA  Analysis  Methods  are  summarized.  These  data 
are  representative  of  DNA  restriction  fragment  length 
polymorphism  (RFLP)  autoradiographic  measure- 
ments using  laboratory  protocols  based  upon  proce- 
dures validated  by  the  Federal  Bureau  of  Investigation. 
Measurement  reproducibility  for  a  given  RFLP  frag- 
ment is  a  nonlinear  function  of  the  fragment's  size,  with 
the  logarithm  of  the  sample  standard  deviation  (SD) 
approximately  proportional  to  fragment  size.  The  least- 
squares  estimate  of  this  relationship  for  fragments 
composed  of  600  to  1 1 ,000  DNA  base  pairs  (bp)  is  SD 
=  10.4  x  10(sup  (bp/8300)).  Among-analyst  and 
among-laboratory  differences  appear  to  contribute 
about  equally  to  the  variance  in  RFLP  measurements. 
Autoradiographic  imaging  is  a  relatively  small  compo- 
nent of  the  overall  variance  for  fragments  <  or  =  1 0,000 
bp.  Currently  available  data  are  sufficient  to  establish 
reliable  tolerances  for  the  expected  interlaboratory  var- 
iation for  any  given  RFLP  band  size  in  this  size  range, 
assuming  that  relevant  laboratories  continue  to  use 
RFLP  analysis  protocols  that  are  within  the  current 
'statistical  population'  (i.e.,  protocols  similar  to  those 
used  by  the  laboratories  that  participated  in  the 
interlaboratory  study).  This  consistency  may  best  be 
maintained  through  appropriate  use  of  Standard  Ref- 
erence Materials,  internal  quality  assurance  programs, 
and  external  proficiency  demonstrations. 
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The  authors  describe  a  novel  activity  of  E.  coli  uracil 
DNA  N-glycosylase  (UNG)  that  excises  isodialuric  acid 
from  DNA.  Isodialuric  acid  is  formed  in  DNA  as  a  major 
oxidative  product  of  cytosine.  DNA  substrates,  which 
were  prepared  by  gamma-irradiation,  were  incubated 
with  UNG.  Following  precipitation  of  DNA,  analyses  of 
pellets  and  supernatant  fractions  by  gas  chroma- 
tography/mass  spectrometry  showed  an  efficient  exci- 
sion of  isodialuric  acid  from  DNA  by  UNG.  None  of  the 
other  15  identified  DNA  base  lesions  was  excised.  The 
excision  of  isodialuric  acid  indicates  that  the  non- 
aromaticity  of  a  substrate  may  not  be  a  limiting  factor 
for  UNG. 
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The  photocurrent  transient  generated  by 
bacteriorhodopsin  (bR)  on  a  tin-oxide  electrode  is  due 


to  pH  change  and  not  to  charge  displacement  as  pre- 
viously assumed.  Films  of  either  rendomly  oriented  of 
highly  oriented  purple  membranes  were  deposited  on 
transparent  electrodes  made  of  tin-oxide-coated  glass. 
The  membranes  contained  either  wild-type  or  D96N- 
mutant  bR.  When  excited  with  yellow  light  through  the 
glass,  the  bR  pumps  protons  across  the  menbrane. 
The  results  is  a  rapid  local  pH  change  as  well  as  a 
charge  displacement.  Experiments  with  these  films 
show  that  it  is  the  pH  change  rather  than  the  displace- 
ment that  produces  the  current  transient.  The  calibra- 
tion for  the  transient  pH  measurement  is  given.  The 
sensitivity  of  a  tin-oxide  electrode  to  a  transient  pH 
change  is  very  much  larger  than  its  sensitivity  to  a 
steady-state  pH  change. 
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Identifying  the  intrinsic  sources  of  measurement  uncer- 
tainty greatly  facilitates  control  and  further  optimization 
of  a  measurement  system.  We  have  developed  a 
model  which  quantitatively  describes  the  observed 
interlaboratory  variability  autoradiographic  DNA  band 
sizing.  The  model  focuses  on  optical  imaging  measure- 
ments of  band  position  and  the  calibration  techniques 
used  to  convert  measured  band  position  to  reported 
band  size.  The  imaging  components  of  measurement 
variability  is  described  as  a  0.05-02.%  standard  devi- 
ation in  determining  the  relative  location  of  sample  and 
calibration  bands  on  a  given  film  image.  While  devel- 
oped solely  with  optical  imaging  information,  the  model 
is  consistent  with  interlaboratory  band  sizing  measure- 
ment variability  observed  with  pristine  samples.  This 
interlaboratory  variability  can  be  modeled  as  a  0.2- 
0.4%  standard  deviation  in  the  relative  positions  of 
sample  and  calibration  bands  across  different 
electrophoretic  gels.  Further  band  sizing  protocol 
standardization  among  laboratories  would  thus  be  ex- 
pected to  achieve  at  best  a  2-fold  reduction  in 
interlaboratory. 
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The  purple  membrane  (PM)  of  the  microorganism 
Halobacterium  salinarium  contains  a  hexagonally 
packed  monolayer  of  the  light-sensitive  protein, 
bacteriorhodopsin  (BR).  The  optical  characteristics  of 
gelatin-immobilized  PMs  depend  strongly  on  the  chem- 
ical environment  of  the  PMs  in  the  matrix.  Here  we 
present  photoinduced  absorptive  and  holographic 
characteristics  of  gelatin-embedded  PMs  solubilized 
with  the  non-ionic  detergent,  Triton  X-100.  The  BR/de- 
tergent  interaction  was  shown  to  slow  the  M-to-initial 
state  transition  of  the  photocycle  and  to  increase  the 
photosensitivity  of  the  BR  films.  The  lifetime  of  the  hol- 
ographic grating  in  Triton  X-100-treated  BR  films  was 
2-3  times  greater,  when  compared  to  the  unmodified 
sample.  Holographic  grating  growth  times  in  BR  films 
were  shown  to  change  depending  on  the  extent  of 
solubilization.  The  measured  holographic  sensitivity 
appeared  to  maximize  in  the  range  of  Triton  X-100/BR 
molar  ratios  from  15:1  to  25:1.  The  possible  advan- 
tages of  solubilized  PM  films  as  they  are  applied  to 
optoelectronic  devices  are  discussed. 
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This  work  describes  a  new  spectroscopic  optical  fiber/ 
rod  technique  for  in  situ  real  time  measurement  of  cell 
mass  and  product  concentrations  in  bioreactors  using 
intrinsic  fluorescence.  The  variable  excitation/emission 
wavelength  capability  of  this  sensor  allows  for  the  spe- 
cies-selective measurement  during  fermentations.  Cell 
mass  (tryptophan)  and  product  concentrations 
(pyridoxine)  have  been  measured  during  fermentations 
of  Saccharomyces  cerevisiae.  The  effects  of  varying 
substrate  concentration  and  oxygen  concentration  on 
the  observed  cell  mass  signals  are  eliminated  by  direct 
measurement  of  cell  mass,  as  opposed  to  indirect 
measurement  schemes  such  as  those  using  NADH  flu- 
orescence. The  sensor  is  robust  and  able  to  undergo 
many  cycles  of  in  situ  steam  sterilization  without  deg- 
radation, and  its  fluorescence  signal  is  linear  with  con- 
centration for  all  species  studied  in  this  work.  Trypto- 
phan fluorescence  from  yeast  is  shown  to  be  a  better 
measure  of  cell  mass  than  NADH  fluorescence. 
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The  self-correlation  spectrum  of  DNA  hydrogens  has 
been  measured  by  thermal  neutron  scattering  for  two 
orientations  of  the  helical  axis  in  the  temperature  range 
200K  equal  to  or  less  than  T  equal  to  or  less  than  300 
K.  Typical  spectra  for  glass  formers  are  observed 
which  show  that  DNA  hydrogens  become  increasingly 
delocalized  above  T  equals  200  K.  This  self-correlation 
is  essentially  isotropic.  Anisotropic  contributions  to  the 
scattering  are  identified  as  being  due  too 
compressional  waves  along  the  helix  and  the  low-lying 
optical  band  observed  in  Raman  scattering.  Both 
modes  show  strong  coupling  to  relaxational  modes  at 
the  zone  center  (10th  layer  line).  It  is  argued  that  the 
observability  of  the  optical  band  at  this  position  is  due 
to  an  antiparallel  displacement  of  the  base-pair  centers 
along  the  helix  direction. 
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We  report  on  a  novel  activity  of  T4  endonuclease  V. 
This  enzyme  is  well  known  to  be  specific  for  the  exci- 
sion of  pyrimidine  dimers  from  UV-irradiated  DNA.  In 
this  work,  we  show  that  T4  endonuclease  V  excises 
4.6-diamino-5-for-mamidopyrimidine  from  DNA.  4,6- 
Diamino-5-formamidopyrimidine  is  formed  as  a  prod- 
uct of  adenine  in  DNA  upon  action  of  hydroxyl  radicals 
and  upon  UV-irradiation.  DNA  substrates  were  pre- 
pared by  UV-or  y-irradiation  of  DNA  in  aqueous  solu- 
tion. DNA  substrates  were  incubated  either  with  active 
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T4  endonuclease  V  or  with  heat-inactivated  T4 
endonuclease  V  or  without  the  enzyme.  After  incuba- 
tion, DNA  was  precipitated  and  supernatant  fractions 
were  separated.  Supernatant  fractions  after 
derivatization,  and  pellets  after  hydreolysis  and 
derivatization  were  analyzed  by  gas  chromatography/ 
isotopedilution  mass  spectrometry.  The  results  provide 
evidence  for  the  excision  of  4.6-diamino-5- 
formamidopyrimidine  by  T4  endonuclease  V  from  both 
y-annd  UV-irradiated  DNA.  Kinetics  of  excision  were 
also  determined.  Fifteen  other  pyrimidine-and  purine- 
derived  base  lesions  that  were  identified  in  DNA  sam- 
ples were  not  substrates  for  this  enzyme.  It  was  con- 
cluded that,  in  addition  to  its  well  known  activity  for  py- 
rimidine  photodimers,  T4  endonuclease  V  possesses 
an  N-glycosylase  activity  for  a  major  UV-radiation-  and 
hydroxyl  radical-induced  monomeric  product  in  DNA. 
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Alpha-Hemolysin  (alphaHL),  which  is  secreted  by 
Staphylococcus  aureus  as  a  single  polypeptide  chain 
of  293  amino  acids,  is  capable  of  self-assembling  into 
hexameric  pores  -1.1  nm  in  internal  diameter.  Based 
on  an  understanding  of  the  assembly  mechanism  and 
the  functional  properties  of  the  pore,  genetic  manipula- 
tion and  chemical  modification  will  be  used  to  construct 
new  pores  with  potential  applications  in  novel  mate- 
rials, such  as  monolayer  coatings  for  selective  elec- 
trodes. Details  of  the  mechanism  of  self-assembly  are 
being  revealed  by  the  isolation  of  mutant  of  recom- 
binant alphaHL  that  become  arrested  at  various  stages 
in  assembly,  alphaHL  first  binds  to  membranes  as  a 
monomer,  which  undergoes  a  conformational  change. 
It  is  then  converted  to  a  non-conducting  hexamer  and 
finally  to  the  open  pore. 
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The  authors  are  investigating  the  potential  use  of  pro- 
teins that  form  pores  in  cell  membranes  as  biosensors 
for  heavy  metals  in  the  aqueous  phase.  Specifically, 
the  authors  are  producing  genetically  engineered  ver- 
sions of  the  alpha-hemolysin  (alphaHL)  from 
Staphlococcus  aureus  with  properties  that  are  sen- 
sitive to  low  concentrations  of  divalent  cations.  For  ex- 
ample, in  contrast  to  wild-type  alphaHL,  the  assembly 
of  one  mutant  (alphaHL-H5:  residues  130-134  inclu- 
sive replaced  with  His)  into  pores  was  inhibited  by  Zn 
squared  concentrations  as  low  as  1.0  micro  M  as 
judged  by  its  ability  to  lyse  rabbit  RCBs  and  to  increase 
the  conductance  of  planar  lipid  bilayer  membranes. 
Previously,  the  authors  demonstrated  two 
intermediates  in  the  assembly  of  alphaHL  a  mem- 
brane-bound monomer  and  a  hexameric  prepore  com- 
plex. Zn  squared  can  act  pn  the  alpha  HL-H5  prepore 
complex  to  inhibit  pore  formation. 
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We  developed  a  new  analytical  technique  for  single 
protein  adsorption  in  the  context  of  basic  studies  on 
membrane  fouling.  This  method  simply  combines  two 
well-established  techniques.  HCI  hydrolysis  and  reac- 
tion of  the  resultant  amino  acids  with  ninhydrin  (10  to 
the  minus  6th  power  M  sensitivity).  The  HCI  hydrolysis 
step,  using  6  N  HCI  solution,  breaks  up  the  adsorbed 
protein  into  its  constituent  amino  acids  by  hydrolyzing 
the  peptide  bonds,  resulting  in  complete  removal  of  the 
absorbed  protein  from  the  surface.  After  the  HCI  hy- 
drolysis, the  condition  of  the  hydrolysate  is  adjusted  for 
the  ninhydrin  derivatization  by  mixing  with  6  N  NaOH 
and  6  m  sodium  acetate.  The  optimal  pH  for  the  ninhy- 
drin derivatization  reaction  of  the  hydrolysate  is 
approx.  6.  This  technique  uses  an  unmodified  protein 
and  determines  protein  loading  on  the  membrane's 
surface  (external  and/or  pore  wall),  under  static  or  fil- 
tration environments,  in  a  consistent  manner.  This 
method  provides  an  absolute  measurement  of  the  total 
protein  adsorbed  and  holds  good  promise  for  high  sen- 
sitivity, accuracy,  and  reproducibility  at  a  relatively  low 
cost.  Other  amino  acid  analytical  techniques  (such  as 
flourescence  and  HPLC)  may  be  used  to  eliminate  arti- 
facts, improve  sensitivity,  and  extend  the  aproach  to 
multi-protein  adsorption. 
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We  are  adapting  proteins  that  form  pores  in  lipid 
bilayers  for  use  as  components  of  biosensors.  Specifi- 
cally, we  have  produced  genetically  engineered 
variants  of  the  alpha-hemolysin  (alpha  HL)  from  Staph- 
ylococcus aureus  with  properties  that  are  sensitive  to 
low  concentrations  of  divalent  cations.  For  example, 
the  pore-forming  activity  of  one  mutant  (alpha  HL-H5: 
residues  130-134  inclusive  replaced  with  histidine)  is 
inhibited  by  Zn2+  at  concentrations  as  low  as  1 
micromoles,  as  judged  by  the  reduction  in  its  ability  to 
lyse  rabbit  red  blood  cells  and  to  increase  the  conduct- 
ance of  planar  lipid  bilayer  membranes.  When  alpha 
HL-H5  is  added  to  the  aqueous  phase  bathing  one  side 
of  a  planar  membrane,  the  subsequent  addition  of  100 
micromoles  Zn2+  to  either  side  blocks  the  pores  that 
form.  This  result  suggests  that  at  least  part  of  the  mu- 
tated region  lines  the  channel  lumen.  Ca2+  and  Mg2+ 
do  not  block  the  channel  and  therefore  the  H5  mutation 
confers  a  degree  of  analyte  specificity  to  the  alpha  HL 
pore. 
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Staphylococcal  alpha-hemolysin,  a  pore-forming 
exotoxin,  is  a  poplypeptide  of  293  amino  acids  that  is 
secreted  by  Staphylococcus  aureus  as  a  water-soluble 
monomer.  It  assembles  to  form  hexameric  pores  in 
lipid  bilayers.  Previous  studies  of  pore  formation  have 
established  the  involvement  of  a  central  glycine-rich 
loop.  Here,  we  show  that  when  five  consecutive  histi- 
dine residues  replace  amino  acids  130-134  at  the  mid- 
point of  the  loop,  they  provide  a  switch  with  which  pore 
activity  can  be  (1)  turned  off  by  micromolar  concentra- 
tions of  divalent  zinc  ions  and  (2)  turned  back  on  with 
the  chelating  agent  EDTA. 
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Oxidative  DNA  damage  is  the  most  frequent  type  of 
damage  encountered  by  aerobic  cells  and  may  play  an 
important  role  in  biological  processes  such  as 
mutagenesis,  carcinogenesis  and  aging  in  humans. 
Oxidative  damage  generates  a  myriad  of  modifications 
in  DNA.  The  authors  investigated  the  cellular  repair  of 
DNA  base  damage  products  in  DNA  of  cultured  human 
lymphoblast  cells,  which  were  exposed  to  oxidative 
stress  by  by  H202.  This  DNA-damaging  agent  is 
known  to  cause  base  modifications  in  genomic  DNA 
of  mammalian  cells.  The  results  showed  a  significant 
formation  of  these  DNA  base  products  upon  H202- 
treatment  of  cells. 
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Gas  chromatography/mass  spectrometry  (GC/MS) 
was  used  to  determine  the  amounts  of  eight  oxidative 
base  modifications  in  DNA  extracted  from  11  speci- 
mens of  bones  and  soft  tissues,  ranging  in  age  from 
40  to  50,000  years.  Among  the  compounds  assayed 
hydantoin  derivatives  of  pyrimidines  were  quan- 
titatively dominant.  From  five  of  the  specimens  endog- 
enous ancient  DNA  sequences  could  be  amplified  by 
PCR.  The  DNA  from  these  specimens  contained  sub- 
stantially lower  amounts  of  hydantoins  than  the  six 
specimens  from  which  no  DNA  could  be  amplified. 
Other  types  of  damage,  e.g.,  oxidation  products  of 
purines,  did  not  correlate  with  the  inability  to  retrieve 
DNA  sequences.  Furthermore,  all  samples  with  low 
amounts  of  damage  and  from  which  DNA  could  be  am- 
plified stemmed  from  regions  where  low  temperatures 
have  prevailed  throughout  the  burial  period  of  the 
specimens. 
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The  authors  have  found  that  three  Escherichia  coli 
heat  shock  proteins,  DnaK  (the  hsp  70  homolog), 
DnaJ,  and  GrpE,  function  in  oriPl  DNA  replication  in 
vitro  solely  to  activate  DNA  binding  by  the  replication 
initiator  protein  RepA.  Activation  results  from  the  con- 
version of  P1  or  P7  RepA  dimers  to  monomers  that 
bind  with  high  affinity  to  the  origin  of  replication  of 
plasmid  P1 .  Thus,  the  essential  role  of  these  three  heat 
shock  proteins  in  this  replication  system  is  to  change 
the  quaternary  structure  of  a  single  protein,  RepA. 
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The  research  described  herein  is  designed  to  achieve 
a  number  of  objectives  leading  to  improved  dental  re- 
storative materials,  techniques  and  applications  of 
dental  materials  science  for  improved  delivery  of  health 
care.  The  bulk  of  the  research  is  related  in  one  manner 
or  another  to  dental  composites,  cements,  adhesives. 
and  sealants.  Composite  research  focuses  on  im- 
provements through  the  development  of  durable  resin 
matrices,  stronger,  durable  coupling  between  fillers 
and  resins  (defining  the  best  overall  combination  of 
components)  and  optimal  curing  systems.  A  major  em- 
phasis of  the  programs  is  on  the  synthesis  and  applica- 
tions of  monomers  which  reduce  polymerization 
shrinkage  through  the  use  of  expanding  monomers  (or 
monomers  which  undergo  much  less  shrinkage  than 
conventional  monomers).  A  second  distinct  area  of  ef- 
fort focuses  on  dental  alloy  and  ceramic  systems. 
Weibull  statistics  and  finite  element  stress  analysis  are 
employed  for  the  determination  of  the  strengths  of  ce- 
ramic and  ceramic-metal  systems  as  affected  by  proc- 
essing parameters  and  thermo-mechanical  properties. 
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The  amounts  of  loosely  bound  fluoride  (F)  deposited 
on  human  enamel  by  4-min  and  2-hour  treatments  with 
either  acidulated  phosphate  fluoride  (APF)  or  a 
monocalcium  phosphate  monohydrate  and  sodium 
hexafluorosilicate  (MCPM-SHFS)-containing  gel  were 
measured  with  the  use  of  a  constant-composition  F 
washing  method.  Enamel  biopsies  conducted  before 
treatment  and  after  washing  were  used  to  determine 
the  firmly  bound  F  uptake.  The  results  showed  that  the 
MCPM-SHFS  treatments  produced  significantly  more 
loosely  bound  F  than  did  the  APF  treatments.  The  4- 
min  treatment  with  either  APF  or  MCPM-SHFS  did  not 
produce  significant  firmly  bound  F  deposition,  but  the 
2-hour  treatments  did,  with  that  produced  by  MCPM- 
SHFS  being  significantly  greater.  The  MCPM-SHFS 
gel,  which  had  the  same  F  content  as  APF  and  which 
may  be  applied  to  the  proximal  tooth  surfaces  in  vivo 
without  the  use  of  a  tray,  has  the  potential  to  be  more 
efficacious  than  APF  because  it  deposits  greater 
amounts  of  both  loosely  bound  and  firmly  bound  F. 
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The  kinetics  of  crystallization  of  calcium  oxalate 
monohydrate  was  studied  in  the  presence  of 
polyacrylate,  and  the  growth  of  both  this  salt  and  the 
trihydrate  was  investigated  in  the  presence  of 
polyaspartic  acid,  polyglutamic  acid,  and  heparin.  We 
monitored  the  crystallization  reactions  either  by  follow- 
ing the  change  in  lattice-ion  concentrations  as  a  func- 
tion of  time  or  by  maintaining  constant  supersaturation 
via  the  replacement  of  lattice  ions  during  the  experi- 
ments. In  addition,  the  crystallization  reactions  of  cal- 
cium oxalate  monohydrate,  dihydrate,  and  trihydrate 
were  studied  in  the  presence  of  urine  fractions  (5%, 
v/v)  separated  by  molecular  weight  in  the  range  of 
1000-50000  Da  from  whole  urine. 
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An  ultramicro  method  has  recently  been  described  for 
measurement  of  plaque-fluid  fluoride  concentration. 
This  method  was  used:  (1)  for  exploration  of  the  vari- 
ation in  fluoride  concentration  of  plaque  fluid  collected 
from  the  same  buccal  tooth  sites  following  a  0.048  mol/ 
L  NaF  (0.2%)  rinse,  and  (2)  for  examination  of  the  dis- 
tribution of  fluoride  in  plaque  fluid  and  saliva  within  one 
hour  after  this  rinse.  Results  indicated  an  average  co- 
efficient of  variation  (CV)  of  31%  for  plaque-fluid  fluo- 
ride in  triplicate  samples  recovered  simultaneously 
from  the  buccal-proximal  region  of  two  teeth  after  the 
rinse.  The  variations  suggest  that  an  examination  of 
plaque-fluid  fluoride  from  specific  tooth  regions  may  be 
essential  for  understanding  the  effects  of  fluoride  on 
the  site-specificity  of  caries. 
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To  evaluate  chewing  gums  as  a  vehicle  to  increase  sal- 
ivary mineral  saturation  levels  and  enhance  salivation, 
monocalcium  phosphate  monohydrate  (MCPM)  and  an 
equimolar  mixture  of  tetracalcium  phosphate  (TTCP) 
with  dicalcium  phosphate  anhydrous  (DCPA)  were 
chosen  as  experimental  chewing  gum  additives.  The 
saliva  samples  collected  every  2  min  were  analyzed 
for  weight,  pH,  and  total  calcium  (Ca)  and  phosphate 
(P)  concentrations.  The  degree  of  saturation  of  tooth 
mineral  was  significantly  increased  by  both  experi- 
mental gums,  with  the  greater  increase  being  produced 
by  the  TTCP-DCPA  gum.  The  MCPM  gum  produced 
a  significantly  greater  saliva  flow  and  a  lower  salivary 
pH  than  did  the  control  and  TTCP-DCPA  gums.  The 
results  suggest  that  the  experimental  gums  may  be 
useful  for  promoting  remineralization  in  general  and  for 
inducing  salivation  in  xerostomic  patients. 
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Considerable  evidence  suggests  that  an  acidic  calcium 
phosphate,  such  as  octacalcium  phosphate  (OCP)  or 
brushite,  is  involved  as  a  precursor  in  enamel  and 
other  hard  tissue  formation.  Additionally,  there  is  in 
vitro  evidence  suggesting  that  fluoride  accelerates  and 
magnesium  inhibits  the  hydrolysis  of  OCP  to 
hydroxyapatite  (OHAp).  As  the  amount  of  OCP  or 
brushite  in  enamel  cannot  be  measured  directly  in  the 
presence  of  an  excess  of  hydroxyapatite,  a  procedure 
was  developed  that  allows  for  their  indirect  in  vivo 
quantification  as  pyrophosphate.  This  permits  study  of 
the  effects  of  fluoride  and  magnesium  ions  on  enamel 
mineral  synthesis. 
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Aluminum  oxalate  buffered  with  glycine  to  pH  0.5  -  2.5 
has  been  proposed  as  a  dentin  pretreatment  for  the 
Gluma  bonding  system.  In  this  experiment,  the  effects 
of  1 -minute  treatments  of  smear  layers  with  these  alu- 
minum oxalates  on  the  permeability  of  human  dentin 
were  determined  in  vitro.  The  aluminum  oxalate  solu- 
tions at  pH  0.5  -  1.5  removed  most  of  the  original 
smear  layer  but  occluded  the  tubules  with  crystalline 
deposits  which  decreased  dentin  permeability.  Those 
solutions  used  at  pH  2.0  and  2.5  increased  dentin  per- 
meability. All  dentin  pretreatments  increased  dentin 
permeability  when  measured  after  a  24-hour  storage 
period,  especially  the  solutions  at  pH  2.0  and  2.5.  The 
SEM  correlates  of  these  permeability  changes  indi- 
cated that  these  solutions  remove  the  smear  layer  but 
reocclude  the  tubules  with  precipitates  which  are  prob- 
ably different  forms  of  calcium  oxalate,  aluminum 
phosphate  and  calcium  phosphates. 
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It  is  well  known  that  chlorhexidine  digluconate  provides 
an  effective  microbicidal  activity  during  oral  rinsing, 
and  therefore,  it  was  considered  worthwhile  to  inves- 
tigate its  interaction  with  hydroxyapatite  on  a  fun- 
damental level.  The  kinetics  of  uptake  (or  reaction)  of 
the  compound  from  aqueous  solutions  by  synthetic 
hydroxyapatite  was  studied  at  23  C  for  four  time  peri- 
ods by  monitoring  its  concentration.  All  of  the  experi- 
mental facts  can  be  qualitatively  explained  on  the  basis 
of  the  solubility  considerations  of  hydroxyapatite  and 
of  chlorhexidine  phosphate,  the  reaction  product  that 
slowly  precipitates  out  of  the  solution.  To  explore  the 
nature  of  interaction,  the  uptake  of  chlorhexidine  base 
was  studied  from  p-dioxane  and  it  is  irreversible.  The 
uptake  is  total  below  a  threshold  equilibrium  concentra- 
tion and  constant  above  it. 
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Remineralization  of  enamel  lesions  in  vitro  by  use  of 
sequential  treatments  with  an  alkaline  (pH  9)  phos- 
phate (1  mol/L)  solution  and  slightly  acidic  (pH  6)  cal- 
cium (1  mol/L)  solution  was  reported  to  be  relatively 
ineffective.  An  analysis  of  the  diffusion  processes  that 
may  occur  during  the  remineralization  treatments  sug- 
gested that  the  driving  force  for  diffusion  of  Ca  into  the 
lesion  can  be  increased  by  making  the  calcium  solution 
more  alkaline  than  the  phosphate  solution.  In  the 
present  study  this  modified  treatment  procedure  was 
evaluated  for  remineralizing  root  lesion  in  vitro. 
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Failed  crowns  and  failure  load  data  were  studied  to 
gain  insights  into  the  fracture  behavior  of  prosthesis 
under  incaisal-directed,  load-to-failure  testing.  Incisor 
crowns  (n-68)  were  fabricated:  two  all-ceramic  groups 
(feldspathic  veneer  on  high-strength  core),  differing  in 
core  design,  and  two  metal-ceramic  groups,  differing 
in  metal  oxidation  time  (30  seconds  v  3  minutes). 
Crowns  were  loaded  to  failure  on  their  indisal  edge. 
Gross  visual,  microscopic,  and  elemental  microprobe 
analyses  of  failed  crowns  were  coupled  with  Weibull 
analysis  of  the  failure  load  data. 
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Pool  water. 

Athletes  who  swim  intensively,  such  as  those  who 
swim  laps  more  than  six  hours  a  week,  may  develop 
unusual  yellowish  brown  or  dark  brown  stains  on  their 
teeth.  The  authors  hypothesize  that  long-term  contact 
of  the  teeth  with  swimming  pool  water,  as  well  as  the 
mixture  of  oral  fluids  with  swimming  pool  water,  leads 
to  the  formation  of  these  deposits.  The  authors  report 
two  cases  of  development  of  such  stains. 
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The  importance  of  supersaturation  in  the  dynamics  of 
apatite  precipitation  from  aqueous  solutions  is  well-es- 
tablished. To  determine  whether  this  parameter  has  a 
comparable  impact  on  the  concomitant  development  of 
the  textural  properties  of  this  phase,  such  as  crystal 
size  and  shape,  the  authors  investigated  mineral  ac- 
cretion in  synthetic  solutions  seeded  with  0.67  g/L  apa- 
tite over  a  range  of  supersaturations  at  pH  7.4  and  37 
degrees  C.  A  dual  specific-ion  electrode-controlled  ti- 
tration method  was  used  to  maintain  the  seeded  reac- 
tions under  the  following  solution  conditions:  1.0  to  1.8 
mmol/L  Ca2+,  0.67  to  1.2  mmol/L  total  phosphate 
(P04),  Ca/P04  (initial)  =  1.5,  143  mmol/L  KN03,  and 
1 0  mmol/L  HEPES.  Samples  were  collected  for  chemi- 
cal and  textural  analyses  when  the  seed  apatite  was 
reduced  by  new  accretions  to  1/2,  1,4.  1/8,  1/16,  and 
1/32  of  the  total  solids  in  suspension.  All  new  accre- 
tions were  found  to  be  apatitic.  At  the  lowest 
supersaturation,  accretion  occurred  primarily  by 
growth  of  the  seed  crystals.  However,  at  the  highest 
supersaturation  examined,  the  crystals  at  the  end  of 
the  experiments  were  actually  smaller,  on  average, 
than  the  original  seeds,  even  though  the  total  mass  in- 
creased 32-fold.  The  results  suggest  that  proliferation 
of  new  crystals  supplanted  growth  of  the  seed  crystals 
as  supersaturation  was  increased.  The  results  also 
suggest  that  differences  in  tissue  fluid  supersaturation 
may  contribute  to  the  large  disparity  in  dimensions  be- 
tween dentin  and  enamel  apatite  crystals. 
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Amorphous  calcium  phosphate  (ACP)  is  an  important 
intermediate  in  HAP  formation,  has  received  far  less 
attention  as  a  biomaterial.  The  two  principal  reasons 
for  this  are  ACP's  high  solubility  in  aqueous  media  and 
its  rapid  conversion  to  HAP.  These  very  properties, 
however,  suggest  its  use  as  a  bioactive  filler  in  poly- 
meric materials,  e.g.,  composites,  sealants,  adhesives, 
that  can  preserve  teeth  against  demineralization  and 
possibly  promote  remineralization  of  defective  tooth 
structure.  In  this  study,  several  visible  light  curable 
composites  based  on  several  acrylic  monomer  sys- 
tems and  a  stablized  ACP  were  prepared,  polymerized 
and  evaluated  for  their  ability  to  release  calcium  and 
phosphate  ions  in  the  presence  of  an  aqueous  environ- 
ment in  a  sustained  fashion  and  at  levels  adequate  to 
favor  HAP  formation. 
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Amorphous  calcium  phosphate  (ACP)  has  some 
unique  properties  that  make  it  ideal  for  use  as  a 
remineralizing  agent  in  polymeric  composites.  In  this 
study,  visible  light  curable  composites  based  on  an 
acrylic  monomer  system  and  either  a  stabilized  ACP 
or  a  HAP  particulate  filler  were  evaluated  for  sustained 
release  of  Ca(2+)  and  P04  ions  into  aqueous  media 
at  levels  adequate  for  HAP  formation,  and  for  their 
abilities  to  remineralize  caries-like  lesions  in  extracted 
bovine  incisors. 
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Many  of  the  physicochemical  principles  of  crystal  nu- 
cleation  and  growth  relevant  to  understanding 
biomineralization  dynamics  have  been  elucidated  by 
solution  studies  on  synthetic  calcium  phosphate 
analogs.  These  studies  have  also  helped  to  delimit  the 
range  of  action  of  specific  biological  substances,  e.g., 
matrix  macromolecules,  that  may  be  involved  in  initiat- 
ing and  regulating  mineral  formation  in  vivo.  Together 
with  our  present  knowledge  of  the  ultrastructural  fea- 
tures of  skeletal  mineral  and  mineral-matrix  associa- 
tions, these  synthetic  studies  have  provided  valuable 
insight  into  biomineral  formation  and  the  physiological 
constraints  placed  on  it.  This  chapter  reviews  current 
knowledge  in  these  areas. 
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Calcium  phosphates  constitute  an  increasingly  impor- 
tant class  of  inorganic  dental  materials.  Their  excellent 
compatibility  with  both  hard  and  soft  tissues  as  well  as 
with  other  dental  materials,  especially  polymeric  resins 
and  acids,  has  led  to  a  number  of  possible  prophy- 
lactic, prosthetic  and  restorative  uses.  Crystalline  cal- 
cium phosphates  such  as  hydroxyapatite  (HAP)  and 
various  di-,  tri-  and  tetracalcium  phosphates  have  re- 
ceived the  greatest  consideration  for  such  purposes. 
Less  attention  in  this  regard  has  been  given  to  the  pos- 
sible use  of  amorphous  calcium  phosphate  (ACP),  an 
important  intermediate  in  the  formation  of  apatite,  as 
a  dental  material.  One  reason  for  this  neglect  is  that 
the  relatively  high  solubility  of  ACP  and  its  conversion 
to  apatite  in  aqueous  environments  poses  limitations 
in  applications  where  structural,  mechanical  and  chem- 
ical stabilities  are  desired.  These  same  properties, 
however,  may  make  ACP  suitable  as  a  potential  min- 
eralizing agent.  When  compounded  with  appropriate 
polymeric  resins,  ACP's  bioactivity  may  be  particularly 
useful  in  enhancing  the  performance  of  sealants  and 
adhesives  in  preventing  tooth  demineralization  or  pro- 
moting its  remineralization  when  defective. 
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This  fourth  compilation  of  Publication  and  Presentation 
Abstracts  provides  a  summary  of  research  conducted 
at  the  American  Dental  Association  Health  Founda- 
tion's (ADAHF)  Paffenbarger  Research  Center  (PRC) 
and  the  National  Institute  of  Dental  Research  (NIDR) 
-  funded  Center  of  Excellence  for  Materials  Science 
Research  (CEMSR)  during  the  past  year. 
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The  American  Dental  Association  (ADA)  Health  Foun- 
dation presents  this  third  annual  compilation  of  Publi- 
cation and  Presentation  Abstracts  of  the  Paffenbarger 
Research  Center  (PRC)  and  Center  of  Excellence  for 
Materials  Science  Research.  Among  the  innovations 
emanating  from  the  ADA-NIST  alliance  are  the  pano- 
ramic radiograph;  the  turbine  contra-angle  handpiece; 
rhodium  front-surface  dental  mirrors;  dental  compos- 
ites; the  first  radiopaque  mineral  fillers  (glasses)  for 
composite  restorative  materials;  and  pit  and  fissure 
sealant  resins  and  orthodontic  bracket  bonding  resins. 
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The  emergence  of  fluoridation  of  public  water  supplies 
as  a  safe  and  economic  mass  caried-control  measure 
was  based  on  epidemiologic  studies  and  on  the  con- 
current elucidation  of  the  tranpsort  and  metabolism  of 
fluoride,  the  mechanism  of  action  of  fluoride  com- 
pounds, their  biological  effects,  and  the  environmental 
aspects  of  fluorides.  The  success  of  these  studies  de- 
pended, among  other  things,  on  the  development  of 
sound  fluoride  analytical  methods.  This  involved  fluo- 
rine analysis  of  water,  soil,  minerals,  vegetation,  foods 
and  a  host  of  other  biological  materials  such  as  bone, 
teeth  (enamel,  dentin,  cementum),  body  fluids  (urine, 
blood,  saliva)  and  soft  tissues  (kidney,  liver,  muscle). 
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Previous  studies  have  indicated  that  chemical  and 
physical  characteristics  of  aromatic  amines  can  be  in- 
fluenced by  the  nature  of  their  substituents.  The  experi- 
mental question  examined  in  the  present  study  relates 
to  the  effects  of  replacing  specific  hydrogen  atoms  with 
methyl  groups  in  a  surface-active  comonomr  utilized 
in  adhesive  bonding  protocols.  N-2-propionic  acid-N- 
3-(2-hydroxy-  1-methacryloxy)propyl=3,  5- 
dimethylaniline  sodium  salt  (N35A)  was  synthesized  by 
an  addition  reaction  of  glycidyl  methacrylate  with  the 
sodium  salt  of  N-(3,5-dimethylphenyl)alanine,  which 
was  formed  by  alkaline  hydrolysis  of  ethyl-N-(3,5- 
dimethylphenyl)alanate  that  was  prepared  by  con- 
densation ofethyl-2-bromopropionate  with  3,5- 
dimethylaniline. 
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Since  their  development  in  1987  (1),  self-hardening 
calcium  phosphate  cements  (CPC)  have  been  a  sub- 
ject of  considerable  interest  in  biomaterials  research. 
The  first  CPC's  consisted  of  tetracalcium  phosphate 
(Ca4(P04)20  or  TTCP)  and  anhydrous  dicalcium 
phosphate  (CaHP04  or  DCPA),  or  TTCP  and 
dicalcium  phosphate  dihydrate  (ChH-P04.2H20  or 
DCPD).  These  cements  set  in  about  30  minutes  after 
mixing  the  powder  with  water  or  dilute  acid  (e.g.,  25 
mmol/L  H3P04)  and  develop  sufficient  mechanical 
strength  for  many  clinical  applications. 
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The  effect  of  molar  mass  on  the  adsorptive  properties 
of  polyacrylic  acids  and  their  sodium  salts  (polymers) 
has  an  important  bearing  on  the  adhesive  mechanisms 
of  restorative  resins  based  on  these  or  similar  poly- 
mers. The  adsorption  isotherms  of  the  aqueous  solu- 
tion of  polymers  were  determined  on  synthetic 
hydroxyapatite  at  room  temperature  to  elucidate  the 
role  of  physico-chemical  factors  involved  in  the  proc- 
ess. The  adsorption  of  lower  molar  mass  (<90,000) 
polyacrylic  acids  shows  that  the  isotherms  first  rise, 
reach  a  maximum,  then  decrease.  In  contrast,  a  higher 
molar  mass  (250,000)  polyacrylic  acid  shows  no  maxi- 
mum and  follows  a  regular  isotherm.  The  adsorption 
isotherms  of  sodium  polyacrylates  are  regular,  do  not 
exhibit  any  maxima,  and  merge  into  each  other  for 
higher  molar  mass  salts  (>60,000).  The  adsorption  is 
irreversible  for  the  acids  as  well  as  for  the  salts.  The 
concentrations  of  calcium  and  phosphate  ions  were 
also  determined  in  the  filtrates  in  order  to  establish  any 
possible  correlation  with  the  adsorbed  amounts  of 
polymers.  The  self-association  of  the  polyacrylic  mol- 
ecules by  intermolecular  hydrogen  bonding  that  may 
be  responsible  for  the  decrease  in  adsorption  at  higher 
concentrations  may  not  play  a  significant  role  for  higher 
molar  mass  acids  where  individual  molecules  can  fold 
on  themselves  as  intramolecular  hydrogen  bonding  be- 
comes more  dominant. 
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Novel  materials  and  cutting-edge  technologies  devel- 
oped at  the  American  Dental  Association  Dental  Health 
Foundation  Center  of  Excellence  for  Materials  Science 
Research  are  discussed.  The  search  for  better  pos- 
terior restorative  materials  continues. 
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The  authors  compared  the  effectiveness  of  seven 
polishing  methods  on  glass-ceramic  insert-composite 
restorations  placed  in  plastic  resin  squares.  The 
polishing  methods  used  carbide  dental  finishing  burs 
and  diamond  polishing  paste,  diamond  abrasive  finish- 
ing burs  and  diamond  polishing  paste,  diamond  abra- 
sive finishing  burs  and  composite  resin  finishing  disks, 
diamond  abrasive  finishing  burs  and  composite  resin 
polishing  points,  diamond  abrasive  finishing  burs  only, 
diamond  abrasive  finishing  burs  followed  by  resin  im- 
pregnated disks  and  an  aluminum  oxide  polishing  ab- 
rasive past,  and  diamond  abrasive  finishing  burs  fol- 
lowed by  diamond  polishing  paste.  All  systems 
achieved  comparable  smoothness  except  the  carbide 
finishing  burs,  which  damaged  the  insert-composite 
margin. 
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The  use  of  citric  acid  is  efficacious  and  distinctive  in 
the  demineralization  of  dentinal  root  surfaces  for  peri- 
odontal regeneration  and  in  the  etching  and  condi- 
tioning of  enamel  or  dentin  for  bonding  restorative  res- 
ins. To  decipher  the  role  of  citric  acid  in  these  applica- 
tions, it  is  important  to  have  a  basic  understanding  of 
its  interaction  with  synthetic  hydroxyapatite.  The  up- 
take or  removal  of  citrate  ions  from  aqueous  solutions 
of  citric  adic  (4  to  100  mmol/L,  10  mL)  by 
hydroxyapatite  (1  g)  was  studied  at  22  degrees  C  after 
a  given  reaction  period  (from  3  hr  to  1 1  days)  by  imme- 
diate spectrophotometric  monitoring  of  the  concentra- 
tion of  the  filtrates  (214  nm).  The  concentrations  of  cal- 
cium, phosphate  and  hydrogen  ions  were  also  deter- 
mined in  the  same  solutions.  The  interaction:  (1)  is  a 
time-independent  ionic  exchange  process  with  the 
substrate  when  the  initial  acid-concentrations  are  dilute 
(4  to  12.5  mmol/L),  and  (2)  is  a  reactive  process  that 
is  time-dependent  for  higher  acid  concentrations.  The 
exchange  process  shows  an  adsorption  of  about  one 
citrate  ion  per  (100)  face  of  the  unit  cell  of 
hydroxypatite  for  a  maximally  exchanged  surface. 
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The  abstracts  presented  in  the  volume  provide  a  sum- 
mary of  much  of  the  research  conducted  during  the 
past  year  at  the  American  Dental  Association  Health 
Foundation's  (ADAHF)  Paffenbarger  Research  Center 
(PRC)  and  the  National  Institute  of  Dental  Research 
(NIDR)-funded  Center  of  Excellence  for  Materials 
Science  Research  (CEMSR).  PRC  research  is  pri- 
marily conducted  in  four  areas:  dental  chemistry,  poly- 
mer chemistry,  clinical  research,  and  dental  crystallog- 
raphy. 
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The  report  addresses  on-going  research  involving  the 
development  of  optical  waveguides  as  analytical  sen- 


sors. Optical  waveguides  were  fabricated  in  our  labora- 
tory using  a  metal  ion  diffusion  method,  and  were  em- 
ployed in  independent  assays  for  ammonium  and 
theophylline.  The  assay  for  ammonium  ion  was  per- 
formed in  a  flow  injection  analysis  (FIA)  system  in 
which  the  waveguide  was  used  as  the  detector  for  an 
absorbance-based  measurement.  Detection  limits  of 
this  assay  were  300  M,  and  the  throughput  for  the  sys- 
tem was  60  samples  per  hour.  As  a  fluorescence  sen- 
sor, anti-theophylline  was  immobilized  to  the  surface 
of  the  waveguide  to  create  an  immunospecific  sensor 
for  theophylline.  Immunospecific  binding  of 
theophylline  derivatized  liposomes  has  been  dem- 
onstrated, and  work  is  progressing  on  developing  a 
competitive  assay  for  theophylline  using  planar 
waveguides. 
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This  work  examines  the  fluorescence  properties  of  nat- 
ural cell  components  such  as  tryptophan,  pyridoxine, 
NADH,  and  riboflavin  in  batch  fermentations  of  S. 
cerevisiae.  Measurements  were  made  using  both  an 
external  flow-thru  cuvette  loop  and  an  in-situ  optical 
fiber/rod  sensor.  Pyridoxine  gave  the  largest  fluores- 
cence signal;  the  spectrum  of  pyridoxine  overlaps  that 
of  NADH,  complicating  its  interpretation.  A  good  cor- 
relation was  found  between  the  dry  weight  of  yeast  and 
on-line  fluorescence  measurements  of  pyridoxine  and 
tryptophan.  The  pyridoxine  signal  was  linear  with  the 
dry  mass  of  yeast  and  the  tryptophan  signal  showed 
absorption  effects  starting  at  a  dry  mass  of  0.5  g/l  in 
the  cuvette.  No  deviations  were  observed  with  the  in- 
situ  optical  fiber/rod. 
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The  l-V  relationship  of  channels  formed  by 
Staphlococcus  aureus  alpha-toxin  is  pH  dependent.  To 
understand  the  nature  of  this  effect,  the  authors  meas- 
ured the  fluctuations  in  current  through  the  open  chan- 
nel as  a  function  of  pH.  The  low  frequency  noise  levels 
in  NaCI  solutions  exhibits  a  single,  well-defined  peak 
over  the  range  4.5  less  than  pH  less  than  7.5.  The 
noise  can  be  described  theoretically  assuming  the 
channel  has  several  ionizable  sites  that  bind  protons 
with  first-order  kinetics.  In  the  model,  the  association 
of  a  proton  with  each  of  the  binding  sites  in  the  channel 
is  assumed  to  increase  the  conductance  in  a  stepwise 
manner.  Data  analysis  shows  that  the  residues  respon- 
sible for  the  pH  dependent  noise  have  a  PKa  =  5.5. 
Moreover,  the  rate  constants  for  the  association  and 
dissociation  of  protons  are  kg  =  8  10  to  the  9th  power 
M  to  the  minus  1  power  S  to  the  minus  1  power,  and 
KD  =  1 0  to  the  5th  power,  respectively. 
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Staphylococcus  aureus  alpha-hemolysin  (alpha-HL) 
forms  channels  that  have  a  pH  dependent  l-V  relation- 
ship. To  evaluate  the  rate  constants  for  these 
protonation  reactions,  the  authors  measured  the  fluc- 
tuations in  current  through  fully  open  alpha-HL  chan- 
nels as  a  function  of  pH  in  the  presence  of  1M  NaCI. 
Spectral  analysis  shows  that  the  data  are  well  de- 
scribed by  a  model  in  which  protons  bind  independ- 
ently to  n  ionizable  residues  with  first-order  kinetics 
and  that  pK  =  5.5,  kon  =  8  10  to  the  9th  power  M  to 
the  minus  1  power  S  to  the  minus  1  power,  koff  =  2.5 
10  to  the  4th  power  S  to  the  minus  1  power  and  n  = 
4  (Phys.  Rev.  Lett.  70).  The  value  the  authors  obtain 
for  the  association  rate  constant,  kon,  is  similar  to  the 
values  measured  by  Eigen  and  co-workers  for  reac- 
tions between  H+  and  free  carboxyl  or  imidazole 
groups,  which  suggests  that  the  protonation  reactions 
inside  these  pores  are  diffusion  limited. 
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This  report  describes  the  measurement  of  the  limit  of 
detection  of  the  bacterium,  Escherichia  coli,  on  the  sur- 
face of  membrane  filters  employing  autofluorescence. 
Investigation  of  detection  of  E.  coli  by  this  method  was 
prompted  by  NASA's  need  for  a  method  which  could 
detect,  principally,  fecal  conforms  in  initially  sterile  stor- 
age water  on-board  the  space  station.  This  method 
was  examined,  with  E.  coli  as  a  model,  because  it 
could  be  conducted  rapidly  with  little  or  no  need  for  dis- 
posables, large  amounts  of  instrumentation,  or  con- 
stant human  involvement.  The  autofluorescence  of  E. 
coli  collected  on  the  surface  of  silver  membrane  filters 
was  quantitated  by  epifluorescence  microscopy  and 
related  to  a  viable  count  of  the  bacteria.  The  fluores- 
cence was  excitated  using  a  broad  region  of  ultraviolet 
radiation  from  a  mercury  arc  lamp  (approx.  250-400 
nm)  examined  in  the  wavelength  region  of  495  nm  and 
higher  through  a  long  pass  optical  filter.  From  these 
measurements,  the  limit  of  detection  of  viable  E.  coli 
collected  on  the  membrane  filters  was  fewer  than  550 
plus  or  minus  32  viable  bacteria  or  170,000  plus  or 
minus  10,000/ml  in  terms  of  solution  concentration. 
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This  report  describes  the  progress  of  a  NASA  funded 
project.  The  goal  of  this  project  is  the  enumeration  of 
bacteria  which  are  present  in  storage  water.  This  work 
is  part  of  NASA's  efforts  to  prepare  environmental 
monitoring  systems  for  the  space  station  currently 
under  construction.  A  prototype  system  for  enumera- 
tion of  bacteria  in  storage  water  is  proposed  based  on 
the  fluorescence  detection  of  single  bacterial  cells  col- 
lected on  a  membrane  filter.  This  method  of  bacterial 
detection  was  chosen  because  it  conveniently  con- 
centrates the  bacteria  from  the  water  and  enumerates 
them  without  the  need  for  disposable  reagents  and 
supplies.  The  report  describes  the  model  enumeration 
system  proposed,  explains  the  origins  of  bacterial  cells 
by  laser  confocal  microscopic  imaging,  explores  the 
possibility  of  distinguishing  between  live  and  dead  bac- 
teria based  on  their  native  fluorescence,  and  details 
progress  on  the  construction  of  a  simple,  compact  bac- 
terial enumeration  system. 
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The  three-dimensional  model  of  the  Escherichia  coli 
cyclic  AMP  (cAMP)  receptor  protein  (CRP)  shows  that 
several  amino  acids  are  involved  as  chemical  contacts 
for  binding  cAMP.  We  have  constructed  and  character- 
ized mutants  at  four  of  these  positions,  E72,  R82,  S83, 
and  R123.  The  mutations  were  made  in  wild-type  crp 
as  well  as  a  cAMP-independent  crp,  crp(star).  The  ac- 
tivities of  the  mutant  proteins  were  characterized  in 
vivo  for  their  ability  to  activate  the  lac  operon.  These 
results  provide  genetic  evidence  to  support  that  E72 
and  R82  are  essential  and  S83  and  R 1 23  are  importnat 
in  the  activation  of  CRP  by  cAMP. 
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Several  mixed  component  diet  materials  have  been 
available  for  use  as  Reference  Materials  for  determina- 
tion of  elemental  contents  in  foods.  Wide  acceptance 
of  these  materials  has  resulted  in  supplies  being  no 
longer  available.  A  new  mixed  food  material,  SRM 
1548  Total  Diet  has  been  prepared  and  characterized 
for  a  number  of  elemental  and  organic  constituents  of 
nutritional  concern.  SRM  1548  was  prepared  from 
foods  obtained  from  collections  of  the  USFDA's  Total 
Diet  Study,  which  are  representative  of  foods 
consumed  by  the  US  population.  SRM  1548  has  been 
composited  from  these  foods,  proportional  to  a  rep- 
resentative daily  intake.  The  composited  foods  were 
blended,  freeze-dried,  reblended  and  bottled  in  six 
gram  sample  size.  Homogeneity  studies  were  carried 
out  along  with  certification  analyses  for  elements,  cho- 
lesterol, caloric,  and  proximate  content.  This  material 
is  available  from  NIST  and  will  be  useful  for  multipur- 
pose determinations  of  constituents  in  the  naturally  oc- 
curring range  in  foods  and  food  related  materials. 
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This  report  surveys  the  state  of  the  art  in  applications 
of  virtual  environments  (VE)  and  related  technologies 
for  healthcare.  After  a  brief  introduction,  terms  are  de- 
fined and  a  review  of  the  healthcare  applications  is  pre- 
sented. The  report  also  discusses  the  value-added  of 
these  application,  their  limitations,  and  areas  of  current 
research  and  development  concerning  virtual  environ- 
ments for  healthcare.  Applications  of  virtual  environ- 
ments and  related  technologies  are  being  developed 
for  healthcare  in  the  following  areas:  surgical  proce- 
dures (remote  surgery  or  telepresence,  augmented  or 
enhanced  surgery,  and  planning  and  simulating  proce- 
dures before  surgery),  medical  therapy,  medical  diag- 
nosis and  monitoring  (telemedicine),  preventive  medi- 
cine and  patient  education,  medical  education  and 
training,  visualization  of  massive  medical  databases, 
skills  enhancement  and  rehabilitation,  and  architec- 
tural design  for  healthcare  facilities.  Virtual  environ- 
ments are  benefiting  healthcare.  To  date,  the  develop- 
ments have  improved  the  quality  of  healthcare  and  in 
the  future  will  result  in  substantial  cost  savings.  Tools 
are  being  refined  or  developed  which  respond  to  needs 
of  present  VE  systems.  However,  additional  large 
scale  research  is  necessary  in  the  following  areas: 
users'  studies,  use  of  robots  for  teleoperated  proce- 
dures, enhancing  system  reality,  and  improving  system 
functionality. 
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The  effects  of  a  series  of  novel  phosphonates  on  the 
kinetics  of  mineral  development  in  an  ionophore- 
primed  7:2:1  phosphatidylcholine  (PC): 
dicetylphosphate  (DCP):  cholesterol  (Choi)  liposomal 
model  system  are  reported.  When  present  at  2.5  micro 
mol/L  or  25  micro  mol/L  concentrations  in  the  solution 
surrounding  the  liposomes,  the  investigated 
phosphonates  did  not  significantly  delay  the  initial  for- 
mation of  hydroxyapatite-like  calcium  phosphate  salts 
(HAP)  within  the  liposomes  or  the  penetration  of  HAP 
crystals  through  the  enclosing  membranes.  However, 
the  phosphonates  variably  retarded  the  subsequent 
growth  and  proliferation  of  the  HAP  crystals  once  they 
became  directly  exposed  to  the  phosphonate-contain- 
ing  solution.  The  effectiveness  of  phosphonates  in  in- 
hibiting extraliposomal  precipitation  strongly  depended 
on  their  structure.  The  inhibitory  action  on  active  sur- 
face growth  sites  of  released  intraliposomal  crystals 
was  found  to  be  the  most  effective  if  the  phosphonate 
molecule  contained  two  phosphonic  groups  linked  to 
the  same  C  atom.  At  a  phosphonate  concentration  of 
25  micro  mol/L  the  following  general  order  of  effective- 
ness was  established:  geminal  bisphosphonate  equal 
to  or  greater  than  geminal  tetrakisphosphonate  greater 
than  bisacylphosphonates  greater  than 
monoacylphosphonate  greater  than 

bisalkylphosphonate. 
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Apparent  equilibrium  constants  and  calorimetric 
enthalpies  of  reaction  have  been  measured  for  the 
beta-lactamase  catalyzed  hydrolysis  of  penicillin  G(aq) 
and  ampicillin(aq)  to  penicillinoic  acid(aq)  and  to 
ampicillinoic  acid(aq),  respectively.  High-pressure  liq- 
uid-chromatography  and  microcalorimetery  were  used 
to  perform  these  measuremens.  Calorimetric 
enthalpies  of  reaction  for  the  beta-lactamase  catalyzed 
hydrolysis  of  cephalosporin  C  have  also  been  meas- 
ured but  the  reaction  products  have  not  been  identified 
and  the  measured  enthalpies  cannot  be  assigned  to 
a  specific  reaction.  Acidity  constants  for  ampicillin, 
penicillin  G,  ampicillinoic  acid,  and  penicillinoic  acid  are 
also  reported.  A  strain  of  energy  of  1 16  kJ  mol  for  the 
beta-lactam  ring  is  obtained  from  thermochemical 
data. 
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The  concentrations  of  amphetamine  and  methamphet- 
amine in  a  new  lyophilized  human  urine  reference  ma- 
terial (RM)  were  determined  at  the  National  Institute 
of  Standards  and  Technology,  in  cooperation  with  the 
College  of  American  Pathologists.  In  order  to  minimize 
the  possibility  of  undetected  bias,  two  different  meth- 
ods were  developed.  Both  methods  were  based  on  iso- 
tope-dilution gas  chromatography/mass  spectrometry 
(GC/MS)  with  a  deuterium-labeled  standard.  The  first 
method  used  a  solid  phase  extractor  (SPE)  to  isolate 
the  analytes,  followed  by  the  forming  the 
heptafluorobutyryl  (HFB)  derivatives  for  measurement 
by  GC/MS.  The  second  method  used  another  kind  of 
SPE  to  isolate  the  analytes,  followed  by  forming  the 
N-trifluoroacetyl-1 -prolyl  chloride  (TPC)  derivatives  for 
measurement  by  GC/MS.  The  RM  consists  of  three 
levels  of  amphetamine,  three  levels  of  methamphet- 
amine, and  a  blank.  For  amphetamine,  the  concentra- 
tions are  291,  558,  and  1081  ng/mL  of  human  urine. 
For  methamphetamine,  the  concentrations  are  311, 
573,  and  1 1 37  ng/mL  of  human  urine. 
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Dynamic  and  electrophoretic  light  scattering  were  used 
to  measure  the  size  and  charge  heterogeneity  of  a 
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commercial  preparation  of  heparin.  For  this  prepara- 
tion of  porcine  mucosal  heparin  (M(sub  r)  =  10-20 
kDa),  the  diffusion  coefficient  was  1.2  plus  or  minus 
0.5  x  10(exp  -8)  square  cm/s  and  the  mobility  was  4.4 
plus  or  minus  0.9  x  10(exp  -4)  square  cm/V  s  for  an 
unfiltered  solution  at  22  deg.  C  in  distilled  water.  This 
diffusion  constant  is  2  orders  of  magnitude  smaller 
than  expected  for  a  molecule  the  size  of  heparin.  A  fast 
diffusion  component  of  5.8  plus  or  minus  1.0  x  10(exp 
-7)  square  cm/s,  corresponding  to  the  individual  mol- 
ecule, was  observed  in  the  presence  of  2  M  NaCI. 
where  single  molecule  motion  is  better  observed.  This 
indicates  that  a  portion  of  the  heparin  population  is  in 
an  aggregated  state,  which  produces  a  higher  scatter- 
ing intensity  than  individual  heparin  molecules.  The 
electrophoretic  light-scattering  measurements  also  in- 
dicate that  the  aggregate  scattering  species  have  very 
similar  surface  charge  densities  resulting  from  the  ag- 
gregates being  formed  from  heparin  molecules.  These 
results  can  provide  a  framework  to  interpret  future 
light-scattering  data  for  various  preparations  of  hepa- 
rin. 
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Sponsored  by  General  Services  Administration,  Wash- 
ington, DC. 

Keywords:  "Phenols,  "Indoor  air  pollution,  "Office 
buildings,  Occupational  exposure,  Building  materials, 
Epoxy  compounds,  Floors,  Occupational  safety  and 
health,  Chemical  analysis,  Industrial  hygiene,  Environ- 
mental surveys,  "Silver  Spring(Maryland),  Leveling 
materials. 

For  several  years,  National  Oceanic  and  Atmospheric 
Administration  (NOAA)  employees  occupying  Floors  3 
through  5  of  the  Silver  Spring  Metro  Center  Building 
One  (SSMC-1)  in  Silver  Spring,  MD  have  complained 
about  ailments  which  they  have  associated  with  poor 
indoor  air  quality.  NOAA  and  the  General  Services  Ad- 
ministration (GSA)  commissioned  at  least  six  indoor  air 
quality  surveys  to  seek  the  causes  of  these  complaints. 
In  one  of  the  later  surveys  (5),  it  was  concluded  that 
phenol  emissions  from  an  epoxy  floor-leveling  material 
used  in  leveling  the  floor  slabs  were  causing  the  indoor 
air  quality  complaints  from  Floors  3  through  5.  To  ob- 
tain an  independent  analysis  and  assessment,  NOAA 
and  GSA  asked  the  National  Institute  of  Standards  and 
Technology  (NIST)  to  ascertain  whether  phenol  (or  any 
other  volatile  organic  compound)  was  being  emitted 
from  the  epoxy  floor-leveling  material  and,  if  so,  to  rec- 
ommend remedial  actions  for  mitigating  or  eliminating 
the  emissions. 
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The  subject  of  lead-containing  painted  surfaces  has  re- 
ceived a  great  deal  of  attention  in  recent  years.  Much 
of  this  interest  has  been  fueled  by  the  potential  hazard 
that  this  toxic  metal  poses  to  the  developmental  capa- 
bilities and  health  of  young  children.  New  federal  and 
state  guidelines  and  legislation  concerning  lead  have 
spurred  many  activities  in  government  agencies,  aca- 
demia,  and  the  private  sector.  In  1988,  the  Agency  for 
Toxic  Substances  and  Disease  Registry  (ATSDR)  pro- 
vided, in  a  report  to  Congress,  a  comprehensive  review 
of  the  health  risks  that  lead  in  anthropogenic  sources 
pose  to  children.  In  1 991 ,  the  Centers  for  Disease  Con- 
trol (CDC)  reduced  the  'level  of  concern'  of  childhood 
blood  lead  concentrations  from  25  to  10  micrograms 
per  deciliter.  According  to  the  CDC  report,  millions  of 
children  in  the  United  States  are  believed  to  be  at  risk 
of  lead  poisoning. 
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The  'immediately  dangerous  to  life  or  health  air  con- 
centration values  (IDLHs)'  used  by  the  National  Insti- 
tute for  Occupational  Safety  and  Health  (NIOSH)  as 
respirator  selection  criteria  were  first  developed  in  the 
mid-1 970's.  This  report  is  a  compilation  of  the  rationale 
and  sources  of  information  used  by  NIOSH  during  the 
original  determination  of  387  IDLHs  and  their  subse- 
quent review  and  revision  in  1 994. 
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This  guide  is  intended  as  a  source  of  general  industrial 
hygiene  information  for  workers,  employers,  and  occu- 
pational health  professionals.  It  presents  key  informa- 
tion and  data  in  abbreviated  tabular  form  for  677 
chemicals  or  substance  groupings  (e.g.,  manganese 
compounds,  tellurium  compounds,  inorganic  tin  com- 
pounds, etc.)  that  are  found  in  the  work  environment. 
The  industrial  hygiene  information  found  in  the  Guide 
should  help  users  recognize  and  control  occupational 
chemical  hazards.  The  chemicals  or  substances  con- 
tained in  this  revision  include  all  substances  for  which 
the  National  Institute  for  Occupational  Safety  and 
Health  (NIOSH)  has  recommended  exposure  limits 
(RELs)  and  those  with  permissible  exposure  limits 
(PELsj  as  found  in  the  Occupational  Safety  and  Health 
Administration  (OSHA)  General  Industry  Air  Contami- 
nants Standard  (29  CFR  1910.1000).  This  revision  in- 
cludes updated  sampling  and  analytical  methods,  up- 


dated Department  of  Transportation  (DOT)  identifica- 
tion and  guide  numbers,  current  exposure  limits,  re- 
vised respirator  selections,  and  revised  IDLH  (imme- 
diately dangerous  to  life  or  health  concentration)  val- 
ues. 


03,604 

PB95-267779       PC  A02/MF  A01 
National  Inst,  for  Occupational  Safety  and  Health,  Cin- 
cinnati, OH.  Div.  of  Standards  Development  and  Tech- 
nology Transfer. 

NIOSH  Comments  to  DOL  on  Risk  Estimates  from 
the  Cadmium  Cohort  Study  by  L.  Stayner,  February 
7, 1992. 

7  Feb  92,  8p. 

Keywords:  "Occupational  safety  and  health, 
"Testimony,  "Risk  assessment,  "Cadmium,  Epidemiol- 
ogy, Carcinogenesis,  Mortality,  Occupational  expo- 
sure, Pulmonary  neoplasms,  Models,  CAS  7440439. 

This  testimony  includes  a  table  summarizing  the  risk 
estimates  from  fitting  the  multistage  model  to  a  specific 
cadmium  (7440439)  cohort  study.  The  risk  estimates 
from  fitting  the  multistage  model  to  the  cadmium  study 
were  intermediate  between  estimates  derived  from  fit- 
ting the  Cox  and  Poisson  regression  models.  NIOSH 
further  notes  that  the  risk  estimates  from  the  Cost  and 
Poisson  models  are  about  50%  higher  than  the  esti- 
mates in  the  risk  assessment  report  submitted  earlier 
by  NIOSH.  The  lifetime  risk  was  calculated  over  the 
entire  life  span  rather  than  the  median  life  span.  Lung 
cancer  rates  were  used  rather  than  respiratory  cancer 
rates.  NIOSH  assumed  a  five  stage  model  for  the  anal- 
ysis, as  this  is  the  number  of  stages  generally  ob- 
served in  other  multistage  analyses  of  lung  cancer. 
The  model  was  fit  by  varing  the  stage  affected  by  cad- 
mium exposure  and  the  model  fit  best  when  NIOSH 
assumed  that  cadmium  affected  the  third  stage. 
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The  excision  of  radiation-induced  lesions  in  DNA  by  a 
DNA  repair  enzyme  complex,  namely  the  UvrABC 
nuclease  complex,  has  been  investigated.  Irradiated 
DNA  was  treated  with  the  enzyme  complex.  DNA  frac- 
tions were  analyzed  by  gas  chromatography/isotope- 
dilution  mass  spectrometry.  The  results  showed  that 
a  number  pyrimidine-  and  purine-derived  lesions  in 
DNA  were  excised  by  the  UvrABC  nuclease  complex 
and  that  the  enzyme  complex  does  not  act  on  radi- 
ation-induced DNA  lesions  as  a  glycosylase.  This 
means  that  it  does  not  excise  individual  base  products, 
but  it  excises  oligomers  containing  these  lesions.  A 
number  of  pyrimidine-derived  lesions  that  were  no  sub- 
strates for  other  DNA  repair  enzymes  investigated  in 
our  laboratory  were  substrates  for  the  UvrABC 
nuclease  complex. 
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The  general  objective  of  this  project  has  been  to  carry 
out  studies  of  radiation  interactions  with  matter,  and  of 
radiation  transport  in  bulk  media,  in  order  to  generate 
basic  radiological  physics  information  needed  as  input 


for:  Biomedical  radiation  dosimetry,  Assessment  of  ra- 
diation hazards  in  nuclear  technology,  Modeling  of  bio- 
logical radiation  action.  This  work  has  included  the  de- 
velopment of  transport-theoretic  methods,  the  compila- 
tion and  critical  evaluation  of  the  underlying  single- 
scattering  cross  sections,  and  the  application  of  the 
transport  methods  to  radiological  physics  problems. 
The  project  carried  out  for  DOE  has  been  closely  relat- 
ed to  other  projects  of  the  Radiation  Interactions  and 
Dosimetry  Group  of  the  Ionizing  Radiation  Division 
supported  in-house  by  NIST  (radiation  standards  for 
medical  and  industrial  applications).  It  has  shared  with 
these  projects  mathematical  methods,  computer  pro- 
grams, and  cross  section  data  bases.  The  support  from 
DOE  has  covered  approximately  20%  of  the  activities 
in  the  radiation  transport  area  by  the  Radiation  Theory 
Task.  The  research  for  DOE  was  carried  out  by  S.  M. 
Seltzer  and  M.  J.  Berger. 
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EPR  resonances  attributable  to  radiation-induced  cen- 
ters in  hydroxyapatite  were  not  detectable  in  bone 
samples  supplied  by  the  USTUR.  These  centers  are 
the  basis  for  imaging  and  dose  assessment.  Presum- 
able, the  short  range  of  the  alpha  particles  emitted  pre- 
cluded the  formation  of  appreciable  amounts  of 
hydroxyapatite  centers.  However,  one  bone  sample 
did  offer  a  suggestion  of  hydroxyapatite  centers  and 
newly-developed  methods  to  extract  this  information 
will  be  pursued. 
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This  study  is  concerned  with  the  irradiation  of  target 
cells  by  alpha  particles  from  radon  daughters  depos- 
ited in  the  bronchial  airways,  which  may  lead  to  cellular 
damage  and  carcinogenesis.  Alpha  particle  energy 
spectra  and  y  spectra  at  cell  nuclei  have  been  cal- 
culated for  cell  depths  between  1 0  and  70  micrometers 
for  the  radon  daughter  nuclei,  (218)Po,  (214)Po,  and 
for  mixtures  of  the  two.  Calculations  were  performed 
for  airways  of  diameters  1.130,  0.651,  0.435,  and 
0.198  cm  (generations  2,  4,  6,  and  10  of  the  Yeh  and 
Schum  morphometry).  The  y  spectra  assume  a  site 
size  of  5  micrometers:  the  changes  in  the  spectra  are 
studied  as  functions  of  particular  parameters.  This  in- 
formation is  useful  as  input  to  biophysical  models  of 
radon  induced  carcinogenesis.  The  significance  of  this 
work  for  the  radon  biological  effectiveness  problem  is 
discussed. 
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Electron  paramagnetic  resonance  (EPR)  dosimetry 
was  used  to  assess  the  dose  to  bone  samples  from 


radiation  accident  victims.  Complications  in  the  meas- 
urement process  arose  from  overlapping  resonances 
of  multiple  paramagnetic  centers.  A  computer  fitting 
routine  was  developed  to  enhance  measurement  of  the 
EPR  signal  of  interest,  thereby  improving  the  precision 
of  the  dose  assessment. 
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Therapeutic  and  palliative  uses  of  bone-seeking 
radiopharmaceuticals  are  undergoing  clinical  trials  for 
human  subjects.  Radiation  dosimetry  for  these  applica- 
tions is  based  on  the  Medical  Internal  Radiation  Dosim- 
etry (MIRD)  schema.  An  experimental  method  for  do- 
simetry of  bone  tissue  based  on  electron  paramagnetic 
resonance  (EPR)  spectrometry  is  described.  Prelimi- 
nary results  for  beagle  bone  exposed  to 
radiopharmaceuticals  under  clinical  conditions  have  in- 
dicated that  the  EPR  dose  measurements  give  ap- 
proximately the  calculated  dose,  but  suggest  that  the 
dose  distribution  may  be  non-uniform. 
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A  radiopharmaceutical  containing  holmium-166m  was 
administered  to  a  beagle.  A  bone  sample  was  removed 
and  examined  by  electron  paramagnetic  resonance 
(EPR)  spectroscopy.  Radiation-induced  paramagnetic 
centers  were  detected  in  the  bone  tissue.  The  goal  of 
these  and  future  studies  will  be  to  quantify  these  cen- 
ters in  terms  of  dose  and  correlate  this  estimate  with 
theoretical  estimates. 
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A  new  dosimetry  system  based  on  the  electron 
paramagnetic  resonance  (EPR)  response  of  polyvinyl 
alcohol  is  presented.  The  dose  response  was  meas- 
ured from  10-100,000  Gy  and  the  persistence  of  the 
signal  was  monitored  over  a  period  of  1 4  days. 
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The  estimated  1 .3  million  workers  who  are  potentially 
exposed  to  ionizing  radiation  in  the  United  States  must 
be  monitored  for  exposure  by  wearing  personnel 
dosimeters.  Accurate  measurement  of  radiation  doses 
received  by  workers  is  needed  because  of  the  health, 
economic,  and  legal  consequences  of  exposure  to  ra- 
diation. Because  of  a  general  concern  about  the  reli- 
ability of  reported  doses,  government  and  industry 
groups  made  several  attempts  during  25  years  to  es- 
tablish dosimetry  performance  standards.  In  1973  the 
Conference  of  Radiation  Control  Program  Directors 
stated  that  the  necessary  degree  of  reliability  was  not 
being  achieved,  in  spite  of  attempts  to  provide  reliabil- 
ity testing  of  personnel  dosimetry  services.  This  paper 
describes  the  subsequent  development  of  a  national 
program  which  now  accredits  personnel  dosimetry 
processors  that  satisfy  a  prescribed  level  of  perform- 
ance. Reasons  are  given  why  the  present  program  is 
successful,  in  contrast  to  earlier  attempts. 
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Shields  and  stents  of  metals  with  high  atomic  number, 
which  are  custom  cast  in  molds  from  the  melt,  are  the 
materials  most  widely  used  to  protect  surrounding  tis- 
sues during  treatment  of  skin  or  oral  lesions  with  thera- 
peutic electron  beams.  An  improved  fabrication  meth- 
od is  to  mix  a  polysiloxane-metal  composite,  which  is 
readily  cast  at  room  temperature  by  combining  a  metal- 
powder/polysiloxane  resin  mixture  with  a  hardening 
catalyst.  The  purpose  of  the  present  study  is  to  com- 
pare the  shielding  effectiveness  of  two  different  metal- 
polysiloxane  composites  with  that  of  conventional  cast 
Lipowitz  metal  (50.1%  Bi,  26.6%  Pb,  13.3%  Sn,  10% 
Cd).  Also,  a  2(sup  3)  factorial  experiment  was  run  to 
investigate  the  effects  and  interactions  of  metal  particle 
size  (20-micrometers  vs  100-micrometers  diameter), 
the  atomic  weight  of  the  metal  (304  stainless  steel  vs 
70%  Ag,  30%  Cu  alloy),  and  the  presence  or  absence 
of  a  layer  of  unfilled  polymer  added  to  the  forward-scat- 
ter side  of  the  shield.  The  composites  of  different 
thicknesses  were  made  by  blending  90%  (w/w)  metal 
powder  separately  with  10%  polysiloxane  base  and 
catalyst.  A  thin  GafChromic  (TM)  dosimeter  film  was 
placed  between  the  shielding  material  and  a  poly- 
styrene base  to  measure  the  radiation  shielding  effect 
of  composite  disc  samples  irradiated  with  a  6-MeV 
electron  beam  normal  to  the  flat  surface  of  the  disc. 
The  results  show  that  composite  shields  with  the  metal 
of  higher  atomic  weight  and  density  (Ag-Cu)  combined 
with  an  additional  unfilled  layer  are  more  effective  than 
the  stainless-steel  composite  with  a  similar  additional 
unfilled  layer,  in  terms  of  diminishing  the  dose  at  the 
surface  of  the  polystyrene  backing  material. 
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A  three-day  workshop  on  Standard  Phantoms  for  In- 
vivo  Radioactivity  Measurements  was  co-sponsored 
by  the  Bureau  of  Radiation  and  Medical  Devices,  the 
National  Institute  of  Standards  and  Technology  (NIST), 
U.S.  Nuclear  Regulatory  Commission,  and  the  U.S. 


Department  of  Energy  and  held  at  NIST.  It  was  estab- 
lished at  the  workshop  that:  (1)  Standards  Writing 
Groups  must  be  organized  to  specify  requirements  for 
Torso,  BOMAB,  Thyroid,  and  Bone  phantoms;  (2)  qual- 
ity assurance  of  all  manufacturing  and  radioactivity 
loading  stages  must  include  and  stress  documentation 
and  be  traceable  to  NIST;  (3)  radionuclides  identified 
by  the  ANSI  N1 3.30  draft  standard  are  satisfactory;  (4) 
the  present  Torso,  BOMAB,  and  Thyroid  reference 
phantoms  are  satisfactory  as  starting  points  for  stand- 
ard phantom  research,  development,  and  specifica- 
tion, and  a  set  of  5,  10,  15  year  old  and  95  percent 
adult  male  is  sufficient  to  fulfill  the  needs  of  the  commu- 
nity; and  (5)  radionuclides  should  be  homogeneously 
distributed  in  the  phantoms. 
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NIST  Handbook  150-4  presents  the  technical  require- 
ments of  the  National  Voluntary  Laboratory  Accredita- 
tion Program  (NVLAP)  for  Ionizing  Radiation  Dosim- 
etry (formerly  called  the  Personnel  Radiation  Dosim- 
etry program).  It  is  intended  for  information  and  use 
by  staff  of  accredited  laboratories,  those  laboratories 
seeking  accreditation,  other  laboratory  accreditation 
systems,  users  of  laboratory  services,  and  others 
needing  information  on  the  requirements  for 
accreditaton  under  the  Ionizing  Radiation  Dosimetry 
program.  This  publication  supplements  NIST  Hand- 
book 150,  NVLAP  Procedures  and  General  Require- 
ments, (PB94-1 78225)  which  contains  Part  285  of  Title 
15  of  the  U.S.  Code  of  Federal  Regulations  (CFR)  plus 
all  general  NVLAP  procedures,  criteria,  and  policies. 
Handbook  150-4  contains  information  that  is  specific 
to  the  Dosimetry  program  and  does  not  duplicate  infor- 
mation contained  in  the  Procedures  and  General  Re- 
quirements. It  is  organized  to  cross-reference  with 
Handbook  150;  for  example,  Section  285.3  of  Hand- 
book 150  presents  the  description  and  goal  of  NVLAP, 
whereas  Section  285.3  of  Handbook  150-4  presents 
the  description  of  the  Dosimetry  program.  Where  there 
is  no  material  specific  to  the  field  of  accreditation,  the 
section  number  is  omitted. 
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We  have  incorporated  the  synthesis  of  Monte  Carlo  re- 
sults for  proton  tracks  of  Wilson,  Metting,  and  Paretzke 
into  our  analytic  method  neutron  microdosimetry  code. 
Both  'crossers'  and  'passers'  are  included.  Results  are 
calculated  for  neutrons  in  the  energy  range  1 .05  MeV 
to  14.5  MeV  for  site  diameters  2  nm  to  1  micrometer. 
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The  microdosimetric  interaction  model  simulates  indi- 
vidual interactions  of  alpha  particles  with  nuclei  of  sen- 
sitive target  cells  in  human  bronchial  airway  genera- 
tions 2,  4,  6  and  10.  For  a  normalized  source  density 
of  Po  218  and  Po  214  alpha  particles,  number  of  hits, 
microdosimetric  spectra  and  related  parameters  for 
cell  nuclei  located  at  various  depths  in  bronchial  epi- 
thelium are  calculated.  The  lineal  energy  spectrum  is 
a  spherical  nuclear  target  is  then  converted  into  prob- 
abilities for  cell  killing,  mutation  and  transformation  by 
multiplying  the  single  event  chord  length  distribution 
with  event  specific  effect  probabilities  per  unit  track 
length  as  a  function  of  LET.  These  effect  probabilities 
are  finally  weighted  by  the  depth-density  distributions 
of  basal  and  secretory  cells.  The  predicted  trans- 
formation probability  is  compared  with  other  physical 
indicators  of  lung  cancer  risk,  such  as  dose,  dose 
equivalent,  biologically  weighted  dose,  mean  lineal  en- 
ergy, and  number  of  alpha  particle  hits. 
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Aspects  of  extrapolation  chamber  dose-rate  measure- 
ments of  (90)Sr  +  (90)Y  beta-particle  ophthalmic  appli- 
cators are  examined  in  this  report,  including  the  proper 
choice  of  collector  electrode  size,  the  gap  width  over 
which  the  measurement  should  be  done,  the  effect  of 
the  entrance  window  materials,  and  the  stopping- 
power  ratio.  Experiments,  a  simple  analytic  model  for 
the  effect  of  chamber  geometry  and  nonzero  gap 
width,  and  more  detailed  Monte  Carlo  simulations  were 
used.  The  variation  of  the  planar  flux  density  as  a  func- 
tion of  angle  for  a  thick  (90)Sr  +  (90)Y  source  was 
measured  and  used  as  input  for  the  model.  From 
Monte  Carlo  simulation,  the  dose  rate  for  tissue  irradia- 
tion falls  off  by  8%  between  the  surface  and  a  depth 
of  7  mg/sq  cm.  The  derivative  of  chamber  ionization 
as  a  function  of  gap  width,  needed  for  the  dose-rate 
calibration,  increases  rapidly  as  the  gap  width  de- 
creases, typically  by  a  factor  of  about  2  between  gap 
widths  of  1.5  and  0.15  mm.  The  backscattering  effect 
increases  the  derived  surface  dose  by  a  factor  of  1 .46. 
A  satisfactory  dose-rate  extrapolation  is  obtained  from 
gap  widths  of  0.1-0.25  mm,  where  the  total  ionization 
current  is  observed  to  be  nearly  linear  in  gap  width. 


03,627 

PB95-161741       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSTL), 

Gaithersburg,  MD.  Biotechnology  Div. 

DNA  Base  Damage  Generated  In  vivo  in  Hepatic 

Chromatin  of  Mice  upon  Whole  Body  y-lrradiation. 

Final  rept. 

T.  Mori,  Y.  Hori,  and  M.  Dizdaroglu.  1993,  6p. 
Sponsored  by  Department  of  Energy,  Washington,  DC. 
Pub.  in  International  Jnl.  of  Radiation  Biology  64,  n6 
p645-650  1 993. 

Keywords:  "DNA  damage,  "Liver,  'Chromatin, 
"Gamma  rays,  Dose-response  relationships, 
Mutagenesis,  Carcinogenesis,  Massfragmentography, 
Reprints,  Hydroxyl  radicals. 


426 


MEDICINE  &  BIOLOGY 


Radiobiology 


DNA  base  lesions  in  hepatic  chromatin  formed  upon 
whole-body  irradiation  of  mice  were  studied.  After 
gamma-irradiating  (20-470  Gy)  and  killing  animals, 
chromatin  was  isolated  from  their  livers  and  analyzed 
by  gas  chromatography-mass  spectroscopy  (GC-MS). 
Five  pyrimidine-  and  five  purine-derived  DNA  lesions 
were  identified  and  quantified.  There  were  5-hydroxy- 
5-methylhydantoin,  5-hydroxycytosine,  5- 
(hydroxymethyl)uracil,  4,6-diamino-5- 
formamidopyrimidine,  7,8-dihyro-8-oxoadenine.  2- 
hydroxy-adenine.  2,6-diamino-4-hydroxy-5- 
formamidopyrimidine,  7,8-dihydro-8-oxoguanine,  thy- 
mine glycol  and  5,6-dihydroxy-uracil.  Except  for  the  lat- 
ter two,  the  amounts  of  these  compounds  were  in- 
creased significantly  over  control  levels  in  the  dose 
range  of  100-470  Gy.  Above  200  Gy,  a  deviation  from 
linearity  was  observed,  although  the  yields  were  in- 
creased in  most  cases  up  to  470  Gy.  The  modified 
bases  that  were  identified  are  typically  produced  by 
hydroxyl  radical  attack  on  the  DNA  bases.  This  may 
indicate  a  role  for  hydroxyl  radicals  in  their  formation 
in  vivo.  These  lesions  may  play  a  role  in  the  biological 
consequences  of  ionizing  radiation  such  as 
mutagenesis  and  carcinogenesis. 
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Prior  to  1984,  the  capital  expense  tended  to  limit  radi- 
ation-based sterilization  technology's  access  to  afford- 
able, state-of-the-art  digital  technology  in  the  form  of 
programmable  logic  controllers  (PLCs),  computers  and 
manufacturing-oriented  programming  languages. 
These  components  were  utilized,  however,  in  selected 
device  manufacturing  and  pharmaceuticals  sectors. 
The  paper  reviews  key  aspects  of  the  role  of  radiation 
process  data  collection,  analysis  and  interpretation  at 
present  and  in  the  near  future  as  radiation  sterilization 
technologies  continue  to  evolve. 
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The  radiation  field  of  an  instrument  calibration  facility 
consisting  of  a  4m  range  and  an  80  Ci  Cs-137  source 
with  various  attenuators  was  characterized  in  terms  of 
secondary  field  components  such  as  backscatter  and 
buildup;  intensity  of  the  radiation  beam  versus  dis- 
tance; actual  effective  energy  of  the  filtered  beams; 
useful  field  size  and  useful  calibration  distance  as  a 
function  of  detector  size.  The  relative  effectiveness  of 
the  attenuators  with  respect  to  an  unfiltered  beam  is 
consistent  at  distances  greater  than  one  meter.  At  dis- 
tances less  than  this,  the  relative  effectiveness  of  the 
filters  is  not  constant  with  up  to  an  8%  change  under 
certain  conditions.  Aluminum  filtration  was  added  to 
lead  attenuators  to  correct  for  low  energy  emissions. 
This  paper  examines  the  scattered  environment  for  a 
relatively  small  calibration  room  (3m  x  7m)  and  pre- 
sents it  as  a  viable  alternative  to  a  large  facility.  A  PC 
computer  program  is  available  which  fits  the  calibration 
data  that  are  described  here. 
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Using  the  NIST  standard  beta-particle  radiation 
sources,  as  well  as  the  NIST  nearly-monoenergetic 
electron  beams,  the  angular  variation  of  the  personal 
dose  equivalent,  H(sub  p)(0.07),  was  experimentally 
determined.  Measurements  were  performed  with  the 
NIST  standard  extrapolation  chambers,  and  with 
thermoluminescent  detectors  covered  with  7-mg/sq  cm 
thickness  of  tissue  equivalent  material  on  a  slab  phan- 
tom. Extrapolation  chamber  correction  factors,  which 
are  functions  of  energy  and  angle  of  incidence,  were 
determined. 
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In  1989,  one  of  the  authors  (M.E.)  suggested  an  algo- 
rithm for  extending  the  well-known  method  of  evaluat- 
ing the  readings  of  multi-filter  and/or  multi-element 
photon  personnel  dosimeters  to  take  into  account  the 
dependence  of  their  response  both  on  energy  and  on 
angle,  as  is  required  for  an  interpretation  in  terms  of 
the  operational  quantity  'personal  dose  equivalent.' 
This  algorithm  was  tested  on  a  widely  used  commercial 
photon  dosimeter.  At  irradiation  levels  at  which  the 
dosimeter's  less  sensitive  elements  of  low  atomic  num- 
bers can  be  employed,  the  algorithm  was  found  to  be 
unnecessary  for  the  interpretation  of  the  readings  in 
terms  of  the  personal  dose  equivalent  at  a  depth  of  10 
mm  in  tissue,  over  the  entire  photon-energy  range  and 
angles  of  photon  incidence  up  to  60  deg. 
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The  DNA  base  damage  in  radiation-sensitive  mutant 
M10  cells  and  parent  mouse  lymphoma  L5178Y  cells 
was  studied.  Cells  were  exposed  to  ionizing  radiation 
in  the  dose  range  of  48  to  400  Gy.  Chromatin  was  iso- 
lated from  cells  and  analyzed  by  gas  chromatography- 
mass  spectrometry.  Ten  DNA  base  products  were 
identified  and  quantified.  A  dose-dependent  formation 
of  the  products  was  observed.  The  yields  of  products 
in  M10  cells  were  up  to  threefold  greater  than  in 
L5178Y  cells.  Of  the  products  measured, 
formamidopyrimidines  had  the  highest  difference  in 
their  yields  between  the  two  cell  lines.  The  greater  ini- 
tial DNA  base  damage  in  M10  cells  may  play  a  role 
in  their  hypersensitivity  to  ionizing  radiation. 
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An  intercomparison  study  of  low-level  Np-237  deter- 
mination in  artificial  urine  samples  has  been  carried 
out.  The  purpose  of  this  study  was  to  find  the  'optimal' 
method  presently  available  for  use  in  a  routine  in-vitro 
radiobioassay  program  for  occupational^  exposed 
workers.  The  solutions  were  submitted  to  1 0  alpha-par- 
ticle and  10  inductively  coupled  plasma-mass  spec- 
trometry (ICP-MS)  laboratories  of  which  six  and  four 
laboratories,  respectively,  returned  results.  The  best 
results  obtained  by  ICP-MS  were  comparable  with  but 
not  better  than  the  most  accurate  results  obtained  by 
alpha-particle  spectrometry.  Alpha-particle  spectrom- 
etry measurements  overall  gave  consistently  better 
agreement  with  known  values. 
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Since  the  resumption  of  the  NIST  calibration  service 
for  90Sr  +  90Y  beta-particle  ophthaimic  applicators,  65 
sources  have  been  calibrated  using  the  revised  tech- 
nique (C.  G.  Soares,  Med.  Phys.  18,  787-793(1991)). 
For  59  of  these  sources,  the  manufacturer's  calibration 
results  were  available  for  comparison  to  the  NIST  cali- 
bration results  were  available  for  comparison  to  the 
NIST  calibration  results.  The  59  sources  represent 
eight  different  manufactures,  only  one  of  which  is  still 
selling  new  sources.  Manufacturer  calibration  dates 
range  from  the  present  back  to  1954.  The  resuls  of  the 
comparisons  are  presented,  broken  down  by  both 
manufacturer  and  calibration  date:  there  are  interesting 
and  significant  trends  in  both,  with  average  differences 
of  20%  not  uncommon.  The  obsolete  unit,  'roentgen- 
equivalent-beta'  (reb),  in  which  some  of  the  manufac- 
turer calibrations  are  expressed,  is  discussed,  and  a 
factor  (0.00982  Gy  reb  sub  -1)  for  its  conversion  to  ab- 
sorbed dose  is  suggested. 
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This  work  describes  ongoing  activities  in  Electron 
Paramagnetic  Resonance  (EPR)  dosimetry  at  the  Na- 
tional Institute  of  Standards  and  Technology.  Progress 
in  the  commercialization  of  the  alanine-EPR  system 
will  be  discussed  along  wih  basic  research  in  high- 
dose  dosimetry,  including  EPR  imaging. 
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Cancer  therapy  studies  using  proton  accelerators  are 
underway  in  several  major  medical  centers  in  the  U.S., 
Russia,  Japan  and  elsewhere.  To  facilitate  dosimetry 
intercomparisons  between  these  laboratories,  alanine- 
based  detectors  produced  at  the  National  Institue  of 
Standards  and  Technology  and  commercially  available 
radiochromic  films  were  studied  for  their  possible  use 
as  passive  transfer  dosimeters  for  clinical  proton 
beams.  Evaluation  of  characteristics  of  these  instru- 
ments, including  the  LET  dependence  of  their  re- 
sponse of  proton  energy,  was  carried  out  at  the  Insti- 
tute of  Theoretical  and  Experimental  Physics. 
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Results  of  gamma-ray  measurements  of  selected  tis- 
sues from  a  patient  who  was  injected  with  Thorotrast 
almost  36  y  ago  are  reported.  The  purposes  of  this 
study  were:  (1 )  to  determine  the  relative  tissue  distribu- 
tion and  activities  of  specific  radionuclides  in  the  Th 
decay  chain,  specifically  Ra  (as  measured  by  Ac),  Pb, 
and  Ra  (measured  directly  and  as  measured  by  Pb), 
and  (2)  to  evaluate  the  level  of  radioactive  disequilib- 
rium among  the  daughter  products.  The  spleen  and 
liver  had  the  highest  concentrations  of  radioactivity. 
Bone  also  appears  to  be  a  long-term  sink  for  Th  daugh- 
ter products  based  on  estimates  from  a  small  portion 
of  one  rib.  Larynx  and  esophagus  contained  measur- 
able activity,  which  may  have  been  due  to  their  proxim- 
ity to  the  'Thorotrastoma.' 
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A  computer  code,  RADONA  (radon-analytic),  has  been 
developed  to  investigate  the  physics  of  the  interaction 
of  radon  in  the  lung.  This  code  (1)  calculates  the  slow- 
ing-down  spectra  of  alpha  particles  at  the  locations  of 
the  cells  in  the  bronchial  epithelium  and  (2)  calculates 
y  (lineal  energy)  spectra  at  specified  cell  depths  and 
for  site  sizes  in  the  range  of  0.5  to  10  micrometers. 
The  authors  are  primarily  concerned  with  cylindrical 
airways. 


03,639 

PB97-110373       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (PL), 

Gaithersburg.  MD.  Ionizing  Radiation  Div. 


EPR  Dosimetry  of  Cortical  Bone  and  Tooth  Enamel 
Irradiated  with  X  and  Gamma  Rays:  Study  of  En- 
ergy Dependence. 

Final  rept. 

D.  A.  Schauer,  M.  F.  Desrosiers,  F.  G.  Le,  S.  M. 
Seltzer,  and  J.  M.  Links.  1994,  8p. 
Sponsored  by  Navy  Health  Sciences  Education  and 
Training  Command,  Bethesda,  MD.  and  Department  of 
Energy,  Washington,  DC.  Office  of  Health  and  Environ- 
mental Research. 

Pub.  in  Radiation  Research,  v138  p1-8  1994. 

Keywords:  *X  rays,  "Tooth  enamel,  "Cortical  bone, 
"Dosimetry,  Energy  dependent,  Gamma  rays,  Re- 
prints. 

Previous  investigators  have  reported  that  the  radiation- 
induced  EPR  signal  intensity  in  compact  or  cortical 
bone  increases  up  to  a  factor  of  two  with  decreasing 
photon  energy  for  a  given  absorbed  dose.  If  the  EPR 
signal  intensity  was  dependent  on  energy,  it  could  limit 
the  application  of  EPR  spectrometry  and  the  additive 
reirradiation  method  to  obtain  dose  estimates.  The  au- 
thors have  recently  shown  that  errors  in  the  assump- 
tions governing  conversion  of  measured  exposure  to 
absorbed  dose  can  lead  to  similar  'apparent'  energy- 
dependence  results.  They  hypothesized  that  these 
previous  results  were  due  to  errors  in  the  estimated 
dose  in  bone,  rather  than  the  effects  of  energy  depend- 
ence per  se.  To  test  this  hypothesis  the  authors  studied 
human  adult  cortical  bone  from  male  and  female  do- 
nors ranging  in  age  from  23  to  95  years,  and  bovine 
tooth  enamel,  using  34  and  138  keV  average  energy 
X-ray  beams  and  (137)Cs  (662  keV)  and  (60)Co  (1250 
keV)  gamma  rays. 
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The  conversion  of  measured  exposure  to  absorbed 
dose  at  a  point  in  bone,  under  conditions  of  electron 
equilibrium,  involves  a  factor  (the  f-factor)  which  is  pro- 
portional to  the  ratio  of  the  spectrum-averaged  photon 
energy-absorption  coefficient  for  bone  to  that  for  air. 
The  paper  gives  mass  energy-absorption  coefficients 
and  f-factors  for  three  compositions  of  human  adult 
compact  or  cortical  bone  recommended  in  publications 
by  the  ICRU  and  ICRP,  for  photon  energies  from  1  keV 
to  1 .5  MeV.  Spectrum-averaged  f-factor  results  reflect: 
(1 )  the  rather  large  differences  due  to  the  differing  cal- 
cium contents  among  the  recommended  compositions 
for  bone;  and  (2)  the  generally  poor  predictions  ob- 
tained when  replacing  a  broad  energy  spectrum  by  an 
equivalent  photon  energy. 
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New  transparent  radiochromic  films,  GafChromic  MD- 
55  and  NMD-55,  which  turn  from  colorless  to  deep  blue 
upon  irradiation,  have  been  designed  particularly  for 
measuring  radiation  therapy  absorbed  doses  (1  Gy  to 
100  Gy).  They  are  also  useful  for  high  resolution  map- 
ping of  dose  distributions,  radiographic  imaging,  treat- 
ment planning  dosimetry,  beam  penumbra  measure- 
ments, and  interface  dosimetry  with  ionizing  photons, 


electrons  and  protons.  The  gamma  ray  responses  are 
linear  with  dose  in  terms  of  increase  of  optical 
absorbance  at  670.633,  and  600  nm  and  are  independ- 
ent of  absorbed  dose  rate  and  relative  humidity.  The 
radiochromic  images  show  a  slight  gradual  post-irra- 
diation increase  in  absorbance  especially  during  the 
first  24  h.  In  addition,  there  is  a  small  but  predictable 
variation  of  sensitivity  with  temperature,  both  during 
iraddiation  and  during  spectrophotometry.  The  films 
also  have  a  slight  sensitivity  to  ultraviolet  radiation  (250 
to  350  nm)  in  direct  sunlight.  Experiments  with  X  ray 
beams  show  no  appreciable  energy  dependence  rel- 
ative to  dose  in  water  at  photon  energies  greater  than 
1 00  keV,  but  they  have  a  sensitivity  that  gives  readings 
of  about  60%  or  the  dose  in  water  for  photons  at  20 
to  40  keV. 
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The  demand  for  improved  spectral  understanding  of 
mammographic  X-ray  sources  and  non-invasive  volt- 
age calibration  of  such  sources  has  led  to  research  into 
applications  using  curved  crystal  spectroscopy.  Recent 
developments  and  the  promise  of  improved  precision 
and  control  are  described.  Analytical  equations  are 
presented  to  indicate  effects  of  errors  and  alignment 
problems  in  the  flat  and  curved  crystal  systems.  These 
are  appropriate  for  all  detection  systems.  Application 
to  and  testing  of  spectrographic  detection  (using  stand- 
ard X-ray  film)  is  presented.  Suitable  arrangements 
exist  which  can  be  used  to  measure  X-ray  tube 
voltages  well  below  1  kV  precision  in  the  operating 
range  of  20-35  kV. 
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The  authors  investigated  DNA  base  damage  in 
genomic  DNA  of  lymphocytes  of  cancer  patients  un- 
dergoing radiation  therapy.  Lymphocyte  chromatin 
samples  were  analyzed  by  gas  chromatography/iso- 
tope-dilution  mass  spectrometry  for  DNA  base  dam- 
age. The  results  provided  evidence  for  formation  of 
typical  hydroxyl  radical-induced  base  modifications  in 
genomic  DNA  of  lymphocytes.  Different  levels  of  DNA 
products  in  individuals  were  observed  and,  in  the  case 
of  some  patients,  there  was  no  significant  product  for- 
mation, possibly  resulting  from  differences  between  in- 
dividuals and  between  the  types  of  radiation  expo- 
sures. Decreases  in  product  levels  after  an  initial  in- 
crease by  radiation  exposure  were  observed.  This  may 
indicate  the  removal  of  modified  bases  from  lym- 
phocyte DNA  by  cellular  repair. 
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Tert-Butyl  Hydroperoxide-Mediated  DNA  Base 
Damage  in  Cultured  Mammalian  Cells. 
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Tert-Butyl  hydroperoxide  has  been  utilized  to  study  the 
effect  of  oxidative  stress  on  living  cells;  however,  its 
effect  on  DNA  bases  in  cells  has  not  been  character- 
ized. In  the  present  work,  we  have  investigated  DNA 
base  damage  in  mammalian  cells  exposed  to  this  or- 
ganic hydroperoxide.  SP2/0  derived  murine  hybridoma 
cells  were  treated  with  4  concentrations  of  tert. -butyl 
hydroperoxide  for  varying  periods  of  time.  Chromatin 
was  isolated  from  treated  and  control  cells  and  subse- 
quently analyzed  by  gas  chromatography-mass  spec- 
trometry with  selected-ion  monitoring  for  DNA-base 
damage.  Quantification  of  damaged  DNA  bases  was 
achieved  by  isotope-dilution  mass  spectrometry.  The 
amounts  of  8  products  were  significantly  higher  than 
control  levels  in  cells  treated  with  tert. -butyl 
hydroperoxide  at  a  concentration  range  of  0.01-0.1 
mM.  At  concentrations  from  1 .0  to  10  mM,  product  for- 
mation was  inhibited  and  the  amounts  of  products  were 
similar  to  those  in  control  cells.  The  bimodal  nature  of 
the  dose-response  may  be  qualitatively  analogous  to 
previous  reports  of  bimodal  killing  of  E.  coli  bacteria 
by  hydrogen  peroxide.  The  nature  of  the  identified  DNA 
base  lesions  suggests  the  involvement  of  the  hydroxyl 
radical  in  their  formation.  The  inhibition  of  product  for- 
mation at  high  concentrations  of  tert. -butyl 
hydroperoxide  may  be  explained  by  the  scavenging  of 
tert.-butoxyl  radical  by  tert. -butyl  hydroperoxide  result- 
ing in  inhibition  of  oxidative  stress.  The  plausibility  of 
the  scavenging  mechanism  was  evaluated  with  a 
mathematical  simulation  of  the  dose-response  for  DNA 
damage  in  solutions  containing  hydrogen  peroxide. 
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The  mouse  skin  tumor  promoter  benzoyl  peroxide 
(BzPO),  in  conjunction  with  Cu(l),  causes 
promutagenic  damage  in  DNA.  Because  free  radical 
intermediates  are  produced  by  the  reaction  of  BzPO 
with  Cu(l),  the  authors  sought  to  determine  whether 
BzPO  plus  Cu(l)  caused  DNA  base  damage  typical  of 
that  caused  by  the  hydroxyl  radical.  A  broad  range  of 
modified  DNA  bases  were  measured  by  GC-MS  with 
selected-ion  monitoring  after  exposure  of  purified 
plasmid  pCMV  beta  gal  DNA  to  BzPO  +  or  -  Cu(l).  Ex- 
posure to  BzPO/Cu(l)  caused  up  to  20-fold  increases 
in  the  levels  of  adenine-derived  modified  bases,  up  to 
4-fold  increases  in  guanine-  and  cytosine-derived 
modified  bases,  and  only  a  <2-fold  increase  in  thy- 
mine-derived  modified  bases.  The  guanine-derived 
modified  base  8-hydroxyguanine  was  elevated  to  the 
highest  net  amount.  Exposure  to  BzPO  alone  or  Cu(l) 
alone  induced  only  minor  (<  <2-fold)  DNA  base  modi- 
fication. Also,  benzoic  acid,  the  major  non-radical 
metabolite  of  BzPO,  or  BzPO  plus  Fe(ll)  were  ineffec- 
tive at  inducing  DNA  base  modification.  The  hydroxyl 
radical  scavenger  dimethyl  sulfoxide  inhibited  BzPO/ 
Cu(l)-induced  base  modification  by  10-50%.  These 
data  suggest  that  the  reaction  of  BzPO  with  Cu(l)  gen- 
erates hydroxyl  radical  or  a  similarly  reactive  intermedi- 
ate which  causes  DNA  base  damage.  This  damage 
may  be  responsible  for  BzPO/Cu(l)-mediated 
mutagenesis. 
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DNA  base  damage  was  studied  in  renal  and  hepatic 
chromatin  of  nickel(ll)-injected  pregnant  female  F344/ 
NCr  rats  and  their  fetuses  under  conditions  leading  to 
initiation  of  sodium  barbital-promotable  renal  tumors, 
but  not  liver  tumors,  in  the  male  offspring.  Pregnant 
rats  were  given  a  total  of  90  or  180  micromol  of 
nickel(ll)  acetate/kg  body  wt  in  a  single  ip  dose  on  day 
17  or  in  2  or  4  ip  doses  between  days  12  and  18  of 
gestation.  Control  rats  received  180  micromol  of  so- 
dium acetate/kg  body  wt.  The  animals  were  killed  24 
or  48  h  after  the  last  injection.  Chromatin  was  isolated 
from  livers  and  kidneys  from  both  adults  and  fetuses 
and  analyzed  by  gas  chromatography/mass  spectrom- 
etry with  selected  ion  monitoring.  Eleven  products  de- 
rived from  the  purine  and  pyrimidine  bases  in  DNA 
bases  were  identified  and  quantified.  Nickel(ll)  expo- 
sure increased  the  content  of  these  products,  espe- 
cially those  derived  from  purines,  in  both  renal  and  he- 
patic chromatin  of  pregnant  rats.  The  major  difference 
between  these  two  organs  was  the  content  of  8-OH- 
Gua,  which  increased  greatly  in  the  kidney  but  re- 
mained unchanged  in  the  liver.  In  the  corresponding 
fetal  organs,  the  relative  increases  in  8-OH-Gua  were 
comparable  to  the  findings  in  adults.  Fetal  kidney  DNA 
was  relatively  higher  in  pyrimidine-derived  products 
(especially  thymine  glycol  and  5-hydroxyhydantoin) 
and  lower  in  purine-derived  products  (except  for  8-OH- 
Gua)  than  fetal  hepatic  DNA.  No  consistent  dose  effect 
of  nickel(ll)  on  the  amounts  of  the  DNA  base  products 
recovered  from  either  organ  was  observed  in  either  the 
dams  or  their  fetuses.  The  present  results  indicate  pos- 
sible involvement  of  oxidative  DNA  base  damage  in  the 
mechanism  of  nickel(ll)  carcinogenesis  in  the  rat  kid- 
ney. 
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DNA  base  damage  was  studied  in  renal,  hepatic,  and 
pulmonary  chromatin  of  male  and  female  F344/NCr 
rats  that  had  been  given  either  50  or  100  micromol  of 
Co(ll)  acetate/kg  body  wt  in  a  single  Ip  dose  and  killed 
2  or  10  days  later.  Control  rats  received  200  micromol 
of  sodium  acetate/kg  body  wt.  Chromatin  was  isolated 
from  organs  and  analyzed  by  gas  chromatography/ 
mass  spectrometry  with  selected  ion  monitoring.  Elev- 
en products  derived  from  purine  and  pyrimidine  bases 
in  DNA  were  quantified.  The  response  was  organ-spe- 
cific. Eight  of  the  DNA  base  products  in  renal  chromatin 
of  CO(ll)-treated  rats,  five  in  hepatic  chromatin,  and 
two  in  pulmonary  chromatin  were  increased  by  30% 
to  more  than  200%  over  control  levels  with  increasing 
CO(II)  dose.  The  renal  and  hepatic,  but  not  pulmonary, 
DNA  base  damage  tended  to  increase  with  time.  No 
significant  differences  in  response  were  found  between 
male  and  female  rats.  The  bases  determined  were  typi- 
cal products  of  hydroxyl  radical  attack  on  DNA,  sug- 
gesting a  role  for  this  radical  in  the  mechanism(s)  of 
DNA  damage  caused  by  Co(ll)  in  vivo.  Some  of  these 
bases  have  been  shown  previously  to  be 
promutagenic.  The  present  results  imply  involvement 
of  oxidative  DNA  damage  in  Co(ll)-induced  genotoxic 
and  carcinogenic  effects. 
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Ferric  nitrilotriacetate  (Fe-NTA)  causes  renal  proximal 
tubular  necrosis,  a  consequence  of  iron  ion-mediated 
free-radical-associated  damage,  that  finally  leads  to  a 
high  incidence  of  renal  adenocarcinoma  in  male  rats 
and  mice.  We  have  investigated  the  levels  of  typical 
hydroxyl  radical-induced  DNA  base  modifications  in 
renal  chromatin  of  male  Wistar  rats  treated  with  a  sin- 
gle or  repeated  administrations  of  Fe-NTA.  Five  pyrimi- 
dine-derived and  5  purine-derived  modified  DNA  bases 
were  identified  and  quantified  by  gas  chromatography/ 
mass  spectrometry  with  selected-ion  monitoring.  The 
amounts  of  most  of  these  compounds  were  signifi- 
cantly increased  over  control  levels  in  renal  chromatin 
of  Fe-NTA-treated  rats  as  measured  3  and  24  hrs  after 
treatment.  Elevated  levels  of  modified  bases  were  ac- 
companied by  proximal  tubular  necrosis.  Presence  of 
modified  DNA  bases  concomitant  with  necrosis  and  re- 
generation of  the  renal  proximal  tubules  may  be  a  criti- 
cal step  in  Fe-NTA-induced  carcinogenesis. 
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Ferric  nitrilotriacetate  (Fe-NTA)  induces  renal  proximal 
tubular  damage  associated  with  lipid  peroxidation  and 
oxidative  DNA  base  modifications  that  finally  leads  to 
a  high  incidence  of  renal  adenocarcinoma  in  rodents. 
In  the  present  study,  we  report  on  the  in  vivo  formation 
of  DNA-protection  cross-links  (DPCs)  involving  thy- 
mine and  tyrosine  in  the  renal  chromatin  of  Wistar  rats 
treated  with  single  or  repeated  i.p.  administration  of  Fe- 
NTA.  Analyses  of  chromatin  samples  by  gas  chroma- 
tography/mass spectrometry  revealed  a  significant  in- 
crease in  the  amount  of  3-((1,3-dihydro-  2,4- 
dioxopyrimidin-  5-yl)-methyl)-L-tyrosine  (Thy-Tyr 
cross-link)  23  and  48  hr  after  the  administration  of  Fe- 
NTA.  At19th  day  of  FE-NTA  treatment,  the  amount  of 
Thy-Tyr  cross-link  decreasedto  the  control  level,  indi- 
cating the  presence  of  cellular  repair  activity.  Thy-Tyr 
cross-link  may  play  a  role  in  the  genetic  alteration  of 
this  renal  carcinogenesis  model,  since  mitoses  for 
reregeneration  of  renal  proximal  tubules  were  closely 
associated  with  the  increase  in  DPCs. 
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A  methodology  has  been  developed  for  predicting 
smoke  toxicity  based  on  the  toxicological  interactions 
of  complex  fire  gas  mixtures.  This  methodology  con- 
sists of  burning  materials  using  a  bench-scale  method 
that  simulates  realistic  fire  conditions,  measuring  the 
concentrations  of  the  following  primary  fire  gases  -  CO, 
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C02,  02,  HCN,  HCI,  Hbr,  and  N02  -  and  predicting 
the  toxicity  of  the  smoke  using  an  empirical  mathemati- 
cal model  called  the  N-Gas  Model.  The  model  currently 
in  use  is  based  on  toxicological  studies  of  the  first  six 
of  the  above  listed  primary  gases  both  as  individual 
gases  and  complex  mixtures.  The  predicted  toxic  po- 
tency (based  on  this  N-Gas  Model)  is  checked  with  a 
small  number  of  animal  (Fischer  344  male  rats)  tests 
to  assure  than  an  unanticipated  toxic  gas  was  not  gen- 
erated. The  results  indicate  whether  the  smoke  from 
a  material  or  product  is  extremely  toxic  (based  on  mass 
consumed  at  the  predicted  toxic  level)  or  unusually 
toxic  (based  on  mass  consumed  at  the  predicted  toxic 
level)  or  unusually  toxic  (based  on  the  gases  deemed 
responsible).  The  predictions  based  on  bench-scale 
laboratory  tests  have  been  verified  with  full-scale  room 
burns  of  a  limited  number  of  materials  of  widely  differ- 
ing characteristics  chosen  to  challenge  the  system. 
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Formation  of  DNA-protein  crosslinks  (DPCs)  in  mam- 
malian cells  upon  treatment  with  iron  or  copper  ions 
was  investigated.  Cultured  murine  hybridoma  cells 
were  tested  with  Fe(ll)  or  Cu(ll)  ions  by  addition  to  the 
culture  medium  at  various  concentrations.  Subse- 
quently, chromatin  samples  were  isolated  from  treated 
and  control  cells.  Analyses  of  chromatin  samples  by 
gas  chromatography/mass  spectrometry  after  hydroly- 
sis and  derivatization  revealed  a  significant  increase 
over  the  background  amount  of  3-((1 ,3-dihydro-  2,4- 
dioxopyrimidin-  5-yl)-methyl)-L-tyrosine  (Thy-Tyr 
crosslink)  in  cells  treated  with  Fe(ll)  ions  in  the  con- 
centration range  of  0.01  to  1  mM.  In  contrast  Cu(ll)  ions 
at  the  same  concentrations  did  not  produce  this  DPC 
in  cells.  No  DNA  base  damage  was  observed  in  cells 
treated  with  Cu(ll)  ions,  either.  Preincubation  of  cells 
with  ascorbic  acid  or  coincubation  with  dimethyl  sulf- 
oxide did  not  significantly  alleviate  the  Fe(ll)  ion-medi- 
ated formation  of  DPCs.  In  addition,  a  modified 
fluorometric  analysis  of  DNA  unwinding  assay  was 
used  to  detectDPCs  formed  in  cells.  Fe(ll)  ions  caused 
significant  formation  of  DPCs,  but  CU(II)  ions  did  not. 
The  nature  of  the  Fe(ll)-mediated  DPCs  suggeststhe 
involvement  of  the  hydroxyl  radical  in  their  formation. 
The  Thy-Tyr  crosslink  may  contribute  to  pathological 
processes  associated  with  free  radical  reactions. 
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To  probe  protonation  dynamics  inside  the  fully  open 
alpha-toxin  ion  channel,  the  authors  measured  the  pH- 
dependent  fluctuations  in  its  current.  In  the  presence 
of  1  M  NaCI  dissolved  in  H20  and  positive  applied  po- 
tentials (from  the  side  of  protein  addition),  the  low  fre- 
quency noise  exhibited  a  single  well  defined  peak  be- 
tween pH  4.5  and  7.5.  A  simple  model  in  which  the 
current  is  assumed  to  change  by  equal  amounts  upon 
the  reversible  protonation  of  each  of  N  identical 
ionizable  residues  inside  the  channel  describes  the 
data  well.  These  results,  and  the  frequency  depend- 
ence of  the  spectral  density  at  higher  frequencies, 
allow  the  authors  to  evaluate  the  effective  pK  =  5.5, 
as  well  as  the  rate  constants  for  the  reversible 
protonation  reactions:  kon  =  8  x  10  to  the  9th  power 
M  to  the  minus  1  power  S  to  the  minus  1  power  and 
Koff  =  2.5  x  10  to  the  4th  power  S  to  the  minus  1  power. 


The  estimate  of  kon  is  only  slightly  less  than  the  diffu- 
sion-limited values  measured  by  others  for  protonation 
reactions  for  free  carboxyl  or  imidazole  residues.  Sub- 
stitution of  H20  by  D20  caused  a  3.8-fold  decrease 
in  the  dissociation  rate  constant  and  shifted  the  pK  to 
6.0.  The  decrease  in  the  ionization  rate  constants 
caused  by  H20/D30  substitution  permitted  the  reliable 
measurement  of  the  characteristic  relaxation  time  over 
a  wide  range  of  D+  concentrations  and  voltages.  The 
dependence  of  the  relaxation  time  on  D+  concentration 
strongly  supports  the  first  order  reaction  model. 
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The  purpose  of  this  study  is  to  assess  the  potential  of 
the  DOD  Goal  Security  Architecture  (DGSA)  as  a 
model  and  framework  for  the  development  of  non-mili- 
tary computer  information  security  architectures.  To 
achieve  this  goal,  this  study  presents  an  overview  of 
the  DGSA  and  provides  a  cursory  comparison  of  some 
of  the  features  of  the  DGSA  with  several  prominent, 
proposed  non-military  security  architectures  including: 
the  International  Standards  Organization  (ISO);  SES- 
AME; the  Internet  Security  Architecture  (ISA);  and 
Open  Systems  Foundation  (OSF)  Distributed  Comput- 
ing Environment  (DCE).  The  study  concludes  the 
DGSA  has  the  potential  for  being  applicable  in  both  the 
civilian  and  commercial  sectors.  However,  there  are 
some  attending  restrictions  that  may  prevent  its  ac- 
ceptance. These  restrictions  are  detailed  in  the  Sum- 
mary Observations. 
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The  Office  of  the  Registrar,  Academic  Affairs  Division 
(DFRC)  publishes  the  Curriculum  Handbook  at  the  be- 
ginning of  each  calendar  year.  Together  with  the 
USAFA  Catalog  published  by  the  Office  of  Administra- 
tions (RR),  it  documents  the  curriculum  of  the  United 
States  Air  Force  Academy  as  approved  by  the  Acad- 
emy Board.  The  Curriculum  Handbook  contains  gen- 
eral information  concerning  graduation  requirements, 
academic  registration  procedures,  course  offerings, 
academic  majors,  and  academic  probation. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  has  had  an  historic  and  fruitful  relationship  with 
the  Department  of  Defense,  its  predecessors,  and  the 
three  military  services,  particularly  the  Navy.  In  this 
paper,  we  will  outline  some  of  the  historic  support,  cur- 
rent collaborations,  and  what  areas  of  technology  may 
require  our  support  for  the  Navy  of  the  future. 
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The  publication  is  the  parent  document  for  a  family  of 
military  specifications  through  which  the  Computer- 
aided  Acquisition  and  Logistics  Support  (CALS)  stand- 
ards will  be  published.  It  provides  the  'enveloping'  rules 
for  organizing  files  of  digital  data  into  a  complete  docu- 
ment-for  example,  a  technical  manual  composed  of 
MIL-M  28001  text,  MIL-D-28003  Vector  Graphics,  and 
MIL-R-28001  Raster  Graphics. 
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*CALS(Computer-aided  Acquisition  and  Logistics  Sup- 
port), *IGES(lnitial  Graphics  Exchange  Specification). 

The  publication  defines  subsets  of  the  Initial  Graphics 
Exchange  Specification  (IGES)  for  technical  illustra- 
tion, engineering  drawings,  electrical/electronic  appli- 
cations, and  numerical  control  manufacturing,  IGES  is 
a  neutral  format  for  digital  interchange  of  Product  Defi- 
nition Data  between  dissimilar  computer  aided  design 
systems. 
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The  publication  defines  standard  Department  of  De- 
fense (DoD)  requirements  for  all  steps  involved  in  auto- 
mated publishing  of  page-oriented  (i.e.,  printed)  tech- 
nical publications.  For  exchange  of  source  data  (prior 
to  document  composition  it  defines  a  common  imple- 
mentation of  the  Standard  Generalized  Markup  Lan- 
guage (SGML).  For  composition  processing  functions, 
it  defines  an  Output  Specification  of  typographic  tags 
and  format  rules,  and  for  display  of  the  composed  doc- 
ument, it  provides  options  for  use  of  commercial  Page 
Description  languages. 
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The  publication  defines  Department  of  Defense  (DoD) 
technical  requirements  for  raster  (bit-map)  graphics 
that  have  been  compressed  to  reduce  file  size  and 
transmission  time.  Computer-aided  Acquisition  and  Lo- 
gistics Support  (CALS)  must  apply  raster  graphics  to 
both  office  documents  and  facsimiles  (for  which  the 
international  standard  that  MIL-R-28002  implements 
was  prepared),  and  for  engineering  drawings  and  other 
oversize  documents.  An  option  is  included  to  use  tiling, 
in  which  the  raster  image  is  divided  into  a  series  of  tiles 
that  can  be  individually  processed  to  reduce  through- 
out and  terminal  storage  requirements. 
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The  publication  defines  use  of  Computer  Graphics 
Metafile  (CGM)  for  two  dimensional  vector  (line  seg- 
ment) picture  descriptions  or  illustrations  in  technical 
manuals.  Whereas  Initial  Graphics  Exchange  Speci- 
fication (IGES)  has  its  principal  use  within  computer- 
aided  design,  CGM  is  becoming  widely  available  for 
authoring  and  graphic  art  work  stations. 
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The  guide  assists  weapon  system  acquisition  man- 
agers to  understand  when,  where,  and  how  to  apply 
Computer-Aided  Acquisition  and  Logistics  Support 
(CALS)  capabilities  efficiently  to  support  their  informa- 
tion interchange  and  access  requirements,  and  how  to 
define  their  functional  requirements  for  integration  of 
the  contractor  process  (such  as  Reliability  and  Main- 
tainability analysis)  that  create  and  use  the  information. 
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The  publication  describes  functional  requirements  for 
the  Department  of  Defense's  (DoD's)  new  Computer- 
Aided  Acquisition  and  Logistics  Support  (CALS)  acqui- 
sition policy  which  gives  preference  to  contractor  infor- 
mation services  and  online  access  instead  of  data 
deliverables.  Contractor  Integrated  Technical  Informa- 
tion Service  (CITIS)  addresses  how  DoD  will  buy  infor- 
mation services  instead  of  what  form  the  deliverable 
will  be  in,  whether  paper  or  digital  based,  it  defines 
things  a  contractor  must  do,  such  as  planning,  analy- 
sis, and  submitting  proposals  and  things  the  service 
must  do,  such  as  managing  data,  and  providing  access 
to  the  data  tailored  to  meet  a  government  Concept  of 
Operations. 
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This  document  provides  47  tables  of  present  worth  fac- 
tors to  be  used  in  computing  the  present  worth  of  future 
costs  (or  cost  reductions)  in  economic  analyses  of  de- 
sign decisions  for  projects  in  the  Department  of  De- 
fense (DoD)  Military  Construction  Program.  These  fac- 
tors are  especially  useful  for  the  life-cycle  cost  analysis 
of  investments  in  buildings  or  building  systems  which 
are  intended  to  reduce  future  operating,  maintenance, 
repair,  replacement,  and  energy  costs  over  the  life  of 
the  facility.  The  tables  include  present  worth  factors  for 
both  one-time  costs  and  annually  recurring  costs, 
based  on  the  Federal  Energy  Management  Program 
(FEMP)  discount  rate  of  3.0%  (FY  1995)  for  energy- 
related  studies  and  on  the  Office  of  Management  and 
Budget  (OMB)  discount  rate  of  2.5%  and  2.8%  for 
short-term  and  long-term  non-energy  studies,  respec- 
tively. Forecasts  of  future  energy  prices  used  in  the  cal- 
culation of  present  worth  factors  for  energy  costs  were 
provided  by  the  Energy  Information  Administration. 
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The  U.S.  Army  Laboratory  Command  is  developing  a 
testbed  for  cooperative,  real-time  control  of  multiple 
land  vehicles  from  a  remotely  located  command  cen- 
ter. The  paper  analyzes  the  characteristics  of  the  com- 
munication link  between  the  vehicle  and  the  remote 
command  center.  Areas  addressed  include  the  com- 
munication technology,  the  information  content  and  re- 
quired rates,  the  control  system  communication  re- 
quirements, communications  support  of  the  develop- 
ment effort  and  examination  of  available  standards. 
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and  Mexico;  all  others  $200).  Single  copies  also  avail- 
able in  paper  copy  or  microfiche. 

Keywords:  "Standards,  "Specifications,  Digital  data, 
Manuals,  Computer  graphics,  Computer  aided  design, 
Computer  aided  manufacturing,  File  management  sys- 
tems, Automation,  Information  processing, 
*CALS(Continuous  Acquisition  and  Life-Cycle  Sup- 
port). 

The  publication  is  the  parent  document  for  a  family  of 
military  specifications  through  which  the  Continuous 
Acquisition  and  Life-Cycle  Support  (CALS)  standards 
will  be  published.  It  provides  the  'enveloping'  rules  for 
organizing  files  of  digital  data  into  a  complete  docu- 
ment-for  example,  a  technical  manual  composed  of 
MIL-M  28001  text,  MIL-D-28003  Vector  Graphics,  and 
MIL-R-28001  Raster  Graphics. 
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The  publication  defines  subsets  of  the  Initial  Graphics 
Exchange  Specification  (IGES)  for  technical  illustra- 
tion, engineering  drawings,  electrical/electronic  appli- 
cations, and  numberical  control  manufacturing,  IGES 
is  a  neutral  format  for  digital  interchange  of  Product 
Definition  Data  between  dissimilar  computer  aided  de- 
sign systems. 
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The  publication  defines  standard  Department  of  De- 
fense (DoD)  requirements  for  all  steps  involved  in  auto- 
mated publishing  of  page-oriented  (i.e.,  printed)  tech- 
nical publications.  For  exchange  of  source  data  (prior 
to  document  composition  it  defines  a  common  imple- 
mentation of  the  Standard  Generalized  markup  Lan- 
guage (SGML).  For  composition  processing  functions, 
it  defines  an  Output  Specification  of  typographic  tags 
and  format  rules,  and  for  display  fo  the  composed  doc- 
ument, it  provides  options  for  use  of  commercial  Page 
Description  languages. 
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able in  paper  copy  or  microfiche. 

Keywords;  "Computer  aided  design,  "Computer  graph- 
ics, File  management  systems,  Documents,  Facsimile 
communication,  Image  processing,  Standards,  Com- 
puter aided  manufacturing,  *CALS(Con'tinuous  Acqui- 
sition and  Life-Cycle  Support),  Department  of  Defense. 

The  publication  defines  Department  of  Defense  (DoD) 
technical  requirements  for  raster  (bit-map)  graphics 
that  have  been  compressed  to  reduce  file  size  and 
transmission  time.  Continuous  Acquisition  and  Life- 
Cycle  Support  (CALS)  must  apply  raster  graphics  to 
both  office  documents  and  facsimiles  (for  which  the 
international  standard  that  MIL-R-28002  implements 
was  prepared),  anf  for  engineering  drawings  and  other 
oversize  documents.  An  option  is  included  to  use  tiling, 
in  which  the  raster  image  is  divided  into  a  series  of  tiles 
that  can  be  individually  processed  to  reduce  through- 
out and  terminal  storage  requirements. 
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able in  paper  copy  or  microfiche. 
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Two  dimensional  models,  Computer  aided  manufactur- 
ing, *CALS(Continuous  Acquisition  and  Life-Cycle 
Support),  Computer  graphics  metafile. 

The  publication  defines  use  of  Computer  Graphics 
Metafile  (CGM)  for  two  dimensional  vector  (line  seg- 
ment) picture  descriptions  or  illustrations  in  technical 
manuals.  Whereas  Initial  Graphics  Excahnge  Speci- 
fication (IGES)  has  its  principal  use  within  computer- 
aided  design,  CGM  is  becoming  widely  available  for 
authoring  and  graphic  art  work  stations. 
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tion, Computer  aided  design,  Computer  aided  manu- 
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The  guide  assists  weapon  system  acquisition  man- 
agers to  understand  when,  where,  and  how  to  apply 
Computer-Aided  Acquisition  and  Logistics  Support 
(CALS)  capabilities  efficiently  to  support  their  informa- 
tion interchange  and  access  requirements,  and  how  to 
define  their  functional  requirements  for  integration  of 
the  contractor  process  (such  as  Reliability  and  Main- 
tainability analysis)  that  create  and  use  the  information. 
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and  Mexico;  all  others  $200).  Single  copies  also  avail- 
able in  paper  copy  or  microfiche. 

Keywords:  "Information  services,  "Requirements,  On 
line  systems,  Contractors,  US  DOD, 
*CALS(Continuous  Acquisition  and  Life-Cycle  Sup- 
port), *CITIS(Contractor  Integrated  Technical  Informa- 
tion Service). 

The  publication  describes  functional  requirements  for 
the  Department  of  Defense's  (DoD's)  new  Continuous 
Acquisition  and  Life-Cycle  Support  (CALS)  acquisition 
policy  which  gives  preference  to  contractor  information 
services  and  online  access  instead  of  data 
deliverables.  Contractor  Integrated  Technical  Informa- 
tion Service  (CITIS)  addresses  how  DoD  will  buy  infor- 
mation services  instead  of  what  form  the  deliverable 
will  be  in,  whether  paper  or  digital  based,  it  defines 
things  a  contractor  must  do,  such  as  planning,  analy- 
sis, and  submitting  proposals  and  things  the  service 
must  do,  such  as  managing  data,  and  providing  access 
to  the  data  tailored  to  meet  a  government  Concept  of 
Operations. 
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This  document  provides  47  tables  of  present  worth  fac- 
tors to  be  used  in  computing  the  present  worth  of  future 
costs  (or  cost  reductions)  in  economic  analyses  of  de- 
sign decisions  for  projects  in  the  DOD  Military  Con- 
struction Program.  These  factors  are  especially  useful 
for  the  life-cycle  cost  analysis  of  investments  in  build- 
ings or  building  systems  which  are  intended  to  reduce 
future  operating,  maintenance,  repair,  replacement, 
and  energy  costs  over  the  life  of  the  facility.  The  tables 
include  present  worth  factors  for  both  one-time  costs 
and  annually  recurring  costs,  based  on  the  FEMP  dis- 
count rate  of  4. 1  %  (FY  1 996)  for  energy-related  studies 
and  on  the  OMB  discount  rate  of  4.6%  and  4.9%  for 
short-term  and  long-term  non-energy  studies,  respec- 
tively. Forecasts  of  future  energy  prices  used  in  the  cal- 
culation of  present  worth  factors  for  energy  costs  were 
provided  by  the  Energy  Information  Administration. 
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Keywords:  "Computer  programs,  "Information  ex- 
change, "Acquisitions,  Standards,  Databases,  Logis- 
tics management,  Industries,  Corporations,  Procure- 
ment, *EDI(Electronic  Data  Interchange),  "Electi  nic 
Data  Interchange. 

The  ASC  X12  003040  Transaction  Set  838,  Trading 
Partner  (Vendor  Registration),  Implementation  Con- 
vention defines  the  Federal  Government  interpretation 
of  the  use  of  ASC  X12  003040  standards.  This  imple- 
mentation convention  provides  the  information  nec- 
essary for  the  user  to  be  able  to  develop  an  interface 
program  between  the  computer  application  and  the 
ASC  X1 2  translator. 
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This  report  summarizes  the  measurement  and  evalua- 
tion of  a  TEM/reverberating  chamber.  This  chamber 
was  developed  as  a  single,  integrated  facility  for  testing 
radiated  electromagnetic  compatibility/vulnerability 
(EMC/V)  of  large  systems  over  the  frequency  range  of 
10  kHz  to  18  GHz  or  higher.  The  facility  consists  of 
a  large  shielded  enclosure  configured  as  a  transverse 
electromagnetic  (TEM)  transmission  line-driven  rever- 
berating chamber.  TEM  mode  test  fields  are  generated 
at  frequencies  below  multimode  cutoff,  and  mode- 
stirred  test  fields  are  generated  at  frequencies  above 
multimode  cutoff.  The  report  discusses  the  basis  for 
such  a  development  including  the  theoretical  concepts, 
the  advantages  and  limitations,  the  experiments  ap- 
proach for  evaluating  the  operational  parameters,  and 
the  procedures  for  using  the  chamber  to  perform  EMC/ 
V  measurements.  Both  the  chamber's  cw  and  pulsed 
rf  characteristics  are  measured  and  analyzed. 
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The  metric  system  is  one  key  to  success  in  the  global 
marketplace,  where  non-metric  products  are  becoming 
increasingly  unacceptable.  Procurement  is  the  primary 
federal  tool  for  encouraging  and  helping  U.S.  industry 
to  convert  voluntarily  to  the  metric  system.  Common 
sense,  based  upon  the  knowledge,  experience,  and 
needs  of  an  industry,  should  be  the  determinant  in 
choosing  a  practical  conversion  approach.  In  the  Unit- 
ed States,  besides  the  perceived  unwillingness  of  the 
customer,  and  certain  legal  definitions  in  some  states, 
there  are  no  major  impediments  to  conversion  of  sur- 
veying and  mapping  to  metric  units.  Instead,  there  are 
good  reasons  for  changing,  including  an  opportunity  to 
rethink  many  industry  standards  and  to  take  advantage 
of  size  standardization.  Also,  when  surveying  and 
mapping  services  adopt  the  metric  system,  they  will 
come  into  conformance  with  federal  agencies  engaged 
in  similar  activities. 
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Geographic  Information  Systems  reflect  the  changing 
role  of  computer  technology  within  earth  science  dis- 
ciplines. Successful  use  of  computer  technology  in- 
cludes the  ability  to  interchange  or  interface  computer 
data,  software,  and  hardware.  This  ability,  in  large  part, 
is  predicated  on  standards.  Intensifying  the  need  for 
standards  is  the  changing  use  of  computer  technology 
to  provide  information.  Standardization  of  fundamental 
parameters  and  the  implementation,  integration,  and 
support  of  standards  facilitate  system  integration  and 
interoperability.  A  clear  understanding  of  standards  is 
decisive  in  determining  the  impact  of  geographic  infor- 
mation systems.  The  focus  is  primarily  on  the  applica- 
bility, strategy,  and  commitment  regarding  standards 
pertaining  to  geographic  information  systems. 
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Reprints,  Digital  spatial  data. 

Spatial  data  standards  are  associated  with  defining, 
describing,  and  processing  spatial  data.  Information 
technology  (IT)  standards  are  generic  computer  stand- 
ards. IT  standards  specifically  implemented  or  generi- 
cally  configured  for  GIS  usage  can  also  be  considered 
GIS  standards.  The  adaptation  of  IT  standards  pro- 
vides GIS  with  an  existing  set  of  common  computer 
standards  for  enabling  integration  within  a  GIS.  These 
standards  also  facilitate  interoperability  between  dif- 
ferent GIS  or  between  a  GIS  and  its  overall  corporate 
computer  environment. 


03,679 

PB96-135108       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSL), 

Gaithersburg,  MD.  Information  Systems  Engineering 

Div. 

Spatial  Information  and  Technology  Standards 
Evolving. 

Final  rept. 

H.  Tom.  1991,  3p. 

Pub.  in  1991-92  International  GIS  Sourcebook,  Chap- 
ters, p422-424Aug91. 

Keywords:  "Digital  data,  "Geographic  information  sys- 
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Standards  typically  evoke  different  responses  in  ob- 
servers. Such  a  range  of  reactions  also  is  experienced 
in  the  world  of  GIS  standards.  Support  at  both  ends 
of  this  spectrum  is  evident,  yet  a  balanced  perspective 
of  GID  standards  is  lacking. 
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The  'modernized'  metric  system  is  the  international 
System  of  Units  or  SI  (from  the  French  Le  Systeme 
Internationale  d'Unites).  It  includes  the  product  stand- 
ards and  preferred  sizes  that  are  accepted  by  indus- 
tries and  governments  throughout  the  world. 
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Four  main  approaches  have  been  applied  to,  or  stud- 
ied extensively  for  use  in,  high-resolution  determina- 
tion of  the  global  gravity  fields  of  the  Earth,  other  plan- 
ets, or  the  Moon.  These  approaches  are  the  following: 
laser  or  microwave  tracking  of  spacecraft  orbiting  the 
Earth;  microwave  tracking  from  the  Earth  of  spacecraft 
orbiting  other  planets  or  the  Moon;  satellite-to-satellite 
microwave  tracking;  and  gravity  gradiometry  from  an 
orbiting  spacecraft.  The  paper  will  discuss  another 
possibility  which  has  been  studied  much  less  exten- 
sively. It  is  the  use  of  integrated  laser  Doppler  meas- 


urements between  two  spacecraft  in  essentially  the 
same  nearly  polar  orbit.  In  this  case,  the  shot  noise 
in  the  measurement  system  can  be  extremely  low, 
even  for  5  cm  diameter  transmit  and  receive  apertures 
and  1  milliwatt  of  laser  power.  For  the  highest  accu- 
racy, it  is  assumed  that  a  Disturbance  Reduction  Sys- 
tem would  be  used  to  strongly  reduce  the  disturbing 
forces  on  a  freely  floating  and  carefully  shielded  test 
mass  inside  each  spacecraft.  As  one  example,  the  au- 
thors take  50  km  spacecraft  separation  and  a  spurious 
acceleration  level  of  5  x  10(sup  -10)  m/s(sup  2)/Hz(sup 
0.5)  from  0.005  to  0.1  Hz.  The  achievable  accuracy 
with  laser  Doppler  measurements  is  then  expected  to 
be  10(sup  -5)  Eotvos/Hz(sup  0.5)  in  this  frequency 
range  for  the  difference  of  the  line-of-sight  test  mass 
accelerations  divided  by  the  spacecraft  separation. 
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The  crystal  structure  of  3:2  mullite  (3AI203  (center  dot) 
2Si02)  has  been  refined  by  Rietveld  refinement  of  X- 
ray  powder  diffraction  data.  The  average  structure  is 
described  successfully  by  previously  published  models 
for  2:1  mullite.  Bond  lengths  of  tetrahedral  cations  are 
slightly  shorter,  because  of  the  smaller  ionic  radii  of 
Si(4+)  relative  to  Al(3+).  Using  ultrasonic  methods,  we 
determined  the  bulk  modulus  (reciprocal  compress- 
ibility). The  result,  174  GPa,  is  slightly  lower  than  that 
of  a  prediction  based  on  a  rigid-ion  ionic  crystal  model: 
190  GPa. 
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On  21  July  1 969,  during  the  first  manned  lunar  mission, 
Apollo  11,  the  first  retroreflector  array  was  placed  on 
the  moon,  enabling  highly  accurate  measurements  of 
the  Earthmoon  separation  by  means  of  laser  ranging. 
Lunar  laser  ranging  (LLR)  turns  the  Earthmoon  system 
into  a  laboratory  for  a  broad  range  of  investigations, 
including  astronomy,  lunar  science,  gravitational  phys- 
ics, geodesy,  and  geodynamics.  Contributions  from 
LLR  include  the  three-orders-of-magnitude  improve- 
ment in  accuracy  in  the  lunar  ephemeris,  a  several-or- 
ders-of-magnitude  improvement  in  the  measurement 
of  the  variations  in  the  moon's  rotation,  and  the  ver- 
ification of  the  principle  of  equivalence  for  massive 
bodies  with  unprecedented  accuracy.  Lunar  laser 
ranging  analysis  has  provided  measurements  of  the 
Earth's  precession,  the  moon's  tidal  acceleration,  and 
lunar  rotational  dissipation.  These  scientific  results, 
current  technological  developments,  and  prospects  for 
the  future  are  discussed. 
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A  24  hr  continuous  parallel  registration  between  an  ab- 
solute free-fall  gravimeter  and  a  relative  cryogenic  gra- 
vimeter  is  analyzed.  Different  adjustment  procedures 
(L(1),  L(2)  norms)  are  applied  to  the  sets  of  absolute 
and  relative  readings  in  order  to  estimate  the  value  of 
the  calibration  factor  of  the  superconducting  meter,  as 
well  as  its  uncertainty,  in  addition,  a  sensitivity  test  is 
performed  to  investigate  the  influence  of  some  param- 
eters (like  the  laser  frequency  and  its  short-term  drift) 
upon  this  factor.  The  precision  in  the  calibration  factor 
is  found  to  be  better  than  1  per  cent,  but  systematic 
effects  related  to  the  short  time  interval  may  add  an- 
other one  and  half  per  cent  uncertainty.  From  prelimi- 
nary results,  it  appears  that  this  calibration  experiment 
leads  to  a  close  agreement  between  the  values  of  the 
gravimetric  factor  for  the  reference  tidal  wave  0(1)  ob- 
served with  the  superconducting  meter  and  the  theo- 
retical value  (Dehant-Wahr  body  tide  +  ocean  loading). 
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We  discuss  two  different  1 -month  gravity  records  taken 
with  two  different  Joint  Institute  for  Laboratory  Astro- 
physics (JILA)  gravimeters.  These  records  were  cor- 
rected for  the  effects  of  Earth  tides,  ocean  loading, 
local  and  global  barometric  effects,  and  polar  motion. 
These  data  allowed  precise  determinations  of  the  local 
air  pressure  admittance.  We  also  obtained  a  value  for 
the  second-order  gravimetric  factor  which  agreed  with 
the  theoretical  value  to  about  0.3%  where  the  predomi- 
nant uncertainty  is  the  ocean  load  modeling.  We  note 
that  absolute  gravimeters  have  a  sensitivity  to  time 
varying  gravity  that  is  comparable  to  that  obtained  with 
superconducting  relative  gravimeters.  The  sensitivity 
of  these  data  emphasizes  the  need  for  better  modeling 
of  ocean  loads,  air  pressure  effects,  and  even  man- 
made  environmental  noise. 
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Strain-induced  tilts  caused  by  variations  in  materials 
properties  can  produce  large  perturbations  in  the  tilt 
field  near  a  material  discontinuity.  This  is  evidenced  in 
data  from  a  closely  spaced  array  of  borehole  tiltmeters 
that  has  been  operating  at  Pinon  Flat  Geophysical  Ob- 
servatory in  southern  California  since  1987.  The  array 
is  composed  of  three  borehole  tiltmeters  located  at 
depths  of  24,  36,  and  1 20  m.  The  tiltmeters  have  a  sen- 
sitivity of  a  few  nanoradians.  Tidal  measurements 
show  differences  between  the  boreholes  of  up  to  50%. 
The  largest  percent  difference  occurs  in  the 
semidiurnal  band  where  the  tilt  field  measured  in  the 
36-m  borehole  differs  by  approximately  10  nrad  at  the 
M2  frequency.  This  difference  has  been  modeled  as 
a  strain-induced  tilt  caused  by  the  weathering  layer. 
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We  have  developed  a  number  of  instruments  that  are 
capable  of  measuring  vibrations  at  very  low  fre- 
quencies (below  1  Hz).  Two  of  these  instruments  are 
a  laser  strainmeter,  which  can  respond  to  strains  with 
frequencies  ranging  from  0  to  about  100  Hz  and  a 
borehole  tiltmeter  which  can  respond  to  deflections  of 
the  vertical  or  horizontal  accelerations  in  the  frequency 
range  from  0  to  about  1  Hz.  We  have  also  modified 
commercial  gravity  meters  (vertical  accelerometers) 
and  have  used  them  to  make  measurements  at  com- 
parable frequencies.  Most  of  our  work  has  been  moti- 
vated by  geophysical  considerations  including  the  dy- 
namics of  the  earth  in  seismically  active  regions,  but 
the  instrumentation  might  also  be  useful  in  vibration 
monitoring  for  other  purposes. 
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The  FG5  series  absolute  gravimeters  have  an  esti- 
mated instrumental  accuracy  of  1-2  microGal.  A  num- 
ber of  instrument  comparisons  were  conducted  with  six 
FG5  instruments  over  a  period  of  9  months;  the  prede- 
cessor series  JILA4  instrument  was  also  used.  The 
standard  deviation  of  mean  g  values  (averaged  over 
24-48h),  as  observed  by  different  instruments,  is  1.8 
microGal.  Observations  taken  within  48  h  typically 
agree  within  2  microGal,  and  the  maximum  observed 
disagreement  is  6  microGal  for  two  observations  taken 
37  days  apart. 
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The  frequency  dependance  of  the  real  and  imaginary 
parts  of  a  nickel  oscillator's  transfer  function  is  de- 
scribed over  3  decades  in  frequency  by  the  use  of  sim- 
ple expressions.  These  expressions  incorporate  only 
the  resonance  frequency  wO,  the  quality  factor  Q,  and 
a  characteristic  exponent  Beta  determined  by  a  single 
measurement  of  creep.  They  are  based  on  the  ansatz 
phi  (w)  =  Q(-1)(w/w0)-Beta,  where  psi  is  the  imaginary 
part  of  the  spring  constant.  Over  a  1 00  K  range  of  tem- 
perature T,  the  exponent  Beta=0.18  was  constant  even 
though  Q(T)  changed  by  a  factor  of  8.  These  expres- 
sions are  potentially  useful  for  accurately  describing  a 
mechanical  oscillator  whose  transfer  function  must  be 
modeled  at  frequencies  far  below  wO.  Examples  in- 
clude accelerometers  based  on  a  flexure  element  and 
suspensions  for  interterometric  gravitational  wave  de- 
tectors. 
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Possibly  the  best  set  of  data  for  earthquake  excitation 
of  soils  exists  for  the  test  site  operated  by  the  Electric 
Power  Research  Institute  (EPRI)  and  the  Taiwan 
Power  Company  at  Lotung  Taiwan.  At  this  site,  two  lo- 
cations are  instrumented  with  three-component 
accelerometers  at  depths  of  47,  17,  11,  6  meters,  and 
at  the  surface.  One  array  is  in  the  free-field  while  the 
other  is  adjacent  to  a  one-quarter  scale  nuclear  con- 
tainment vessel.  The  site  is  also  well  instrumented  with 
piezometers  at  various  depths  and  locations.  The  re- 
port summarizes  the  data  and  signal  processing  that 
was  done  to  the  EPRI  Lotung  data  at  the  Colorado 
School  of  Mines.  The  over  2000  files  were  organized 
into  MATLAB  experiments  by  event.  The  provided  ac- 
celeration data  were  carefully  double  integrated  to 
yield  velocity  and  displacement  time  history  records. 
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The  purpose  of  this  study  is  to  evaluate  the  feasibility 
of  the  development  and  application  of  the  strain  energy 
method  for  general  use.  The  study  is  expected  to  con- 
tinue with  two  additional  phases  that  will  develop  ge- 
neric strain  energy,  liquefaction  curves  as  a  function 
of  the  most  relevant  soil  properties  and  generic  strain 
energy  demand  as  a  function  of  seismicity  data  and 
a  wide  range  of  site  soil  data  and  profiles.  The  limited 
scope  of  the  feasibility  study  did  not  permit  laboratory 
testing  for  the  purpose  of  the  strain  energy  computa- 
tion. Available  laboratory  data  were  used  for  this  pur- 
pose. 
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Water  temperature  data  from  several  sites  around  the 
Great  Lakes  were  obtained  to  determine  if  any  regional 
climatic  changes  or  trends  could  be  detected  based 
upon  these  data  sets.  This  technical  memorandum 
contains  data  for  Put-In-Bay,  Ohio  on  Lake  Erie.  Water 
temperature  data  were  measured  at  the  Put-In-Bay  fish 
hatchery  on  South  Bass  Island  on  Western  Lake  Erie. 
The  hatchery  data  were  collected  by  the  Ohio  Depart- 
ment of  Natural  Resources,  Lake  Erie  Fisheries  Unit, 
Sandusky  Bay,  from  1 918  through  1992. 
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When  two  different  materials  contact  and  separate,  an 
electrical  charge  transfer  from  one  surface  to  the  other 
can  take  place  because  of  the  different  electronic 
structures  of  the  two  materials.  In  the  paper,  it  is  shown 
that  the  same  can  occur  between  two  surfaces  of  the 
same  material,  if  one  of  the  two  surfaces  carries  a 
monolayer  of  a  chemi-sorbed  species.  A  surface  force 
apparatus  is  used  for  studying  contact  electrification 
and  resulting  adhesion  between  two  surfaces.  It  is 
shown  that  the  interaction  between  a  silica  surface  pre- 
senting an  amine,  i.e.,  basic,  termination  to  a  silanol 
terminated,  i.e.,  acidic  surface,  is  vastly  greater  than 
between  two  ordinary  silica  surfaces.  The  increased 
adhesion  demonstrates  the  connection  between  acid- 
base  interactions  and  contact  electrification. 
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The  paper  describes  a  systematic  approach  to  hier- 
archical task  decomposition  and  planning.  Such  a 
methodology  can  be  used  to  design  a  complex  system 
which  receives  goals  from  the  external  world,  performs 
intelligent  planning,  and  commands  the  actuators  to 
achieve  the  goals.  The  application  of  this  task  decom- 
position methodology  is  illustrated  in  the  paper  through 
the  design  of  a  coal  mining  automation  hierarchical 
real-time  control  system. 
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A  theoretical  and  experimental  study  of  jet  flames  with 
applications  to  large  fires  resulting  from  oil  well  and  gas 
well  accidents  is  reported.  The  results  have  been  used 
in  the  interpretation  of  the  single  point  radiation  heat 
flux  data  collected  around  well  fires  in  Kuwait.  Based 
on  the  high  liquid  loading  involved  in  actual  well  fires, 
a  new  device  called  effervescent  atomizer/burner  was 
successfully  designed,  constructed  and  tested  during 
the  grant  period.  Measurements  of  flame  heights,  radi- 
ative heat  loss  fractions,  emission  temperatures,  and 
path  integrated  transmittances  were  completed  for 
nine  crude  oil  and  methane/air  flames  in  the  10-20  KW 
range.  The  significant  accomplishments  during  the 
grant  include:  (1)  Development  of  a  technique  to  find 
total  radiative  heat  loss  from  turbulent  jet  flames  based 
on  measurements  of  heat  flux  at  a  single  location;  (2) 
Design  and  successful  operation  of  an  effervescent  at- 
omizer/burner. The  burner  also  allows  laboratory 
measurements  of  such  flames  for  the  first  time;  and 
(3)  Study  of  global  properties  of  the  high  liquid  loading 
jet  flames  have  shown  that  their  lengths  are  affected 
by  two-phase  flow  effects  and  that  their  soot  loading 
and  radiant  output  is  lower  than  equivalent  pool  flames. 
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Closed  loop  control  of  cutting  drum  height  of  a  continu- 
ous mining  machine  (CM)  using  a  coal  interface  detec- 
tion (CID)  sensor  is  described.  The  control  is  accom- 
plished using  a  discrete-time  Proportional-plus-lnte- 
gral-plus-Derivative  (PID)  controller.  The  mining  ma- 
chine, sensor,  and  mine  environment  are  simulated. 
The  dynamic  model  of  the  cutting  drum  arm  (boom) 
and  motors  is  described  and  a  discrete  time  version 
of  the  solution  to  the  plant  equation  of  boom  angle  and 
angular  velocity  is  derived.  Cutting  drum  height  control 
is  placed  in  the  context  of  an  existing  large-scale  Real- 
time Control  System  (RCS)  for  CM  control,  simulation, 
and  animation.  RCS  is  a  paradigm  for  defining,  de- 
scribing, and  designing  intelligent  control  systems  de- 
veloped at  the  Robot  Systems  Division  of  the  National 
Institute  of  Standards  and  Technology  (NIST). 
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A  simulator  is  described  for  the  motion  of  a  continuous 
mining  machine  (CM)  in  a  coal  mine.  Of  special  interest 
is  the  motion  of  the  CM  following  collision  with  an  im- 
movable obstacle  in  the  mine.  This  type  of  constrained 
motion  effected  our  choice  of  presentation  of  the  CM 
and  its  environment.  The  CM  is  represented  as  a  two 
dimensional  polygonal  hull  and  the  mine  obstacles  are 
given  two  separate  representations,  certainty  grids  and 
obstacle  boundary  curves,  each  of  which  efficiently 
perform  specific  tasks.  The  object  boundary  curve  rep- 
resentation is  most  useful  for  determining  motion  fol- 
lowing a  collision  and  the  certainty  grid  is  most  useful 
for  determining  whether  and  where  a  collision  has  oc- 
curred. 
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This  paper  describes  a  systematic  approach  to  the  de- 
sign of  a  hierarchical  control  system  for  mining  auto- 
mation. In  particular,  the  methodology  can  be  used  to 
design  a  complex  system  which  receives  goals  from 
the  external  world,  evaluates  the  current  world  situa- 
tion through  an  interactive  sensory  data  assimilation 
process,  performs  intelligent  planning,  and  commands 
the  actuators  to  achieve  its  goals.  The  operator  inter- 
action capability  is  also  emphasized. 
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This  report  is  a  summary  of  a  workshop  title 
Requalification  of  Tubular  Steel  Joints  in  Offshore 
Structures,  held  September  5  and  6,  1995  in  Houston, 
Texas.  The  workshop  was  sponsored  by  the  U.S.  Min- 
erals Management  Service,  and  the  National  Institute 
of  Standards  and  Technology.  This  report  contains  the 
papers  presented  at  the  workshop,  summary  of  the 
workshop  discussions,  and  the  conclusions  reached  by 
the  workshop  participants.  The  major  issues  discussed 
at  the  workshop  included  tubular  joint  characterization, 
computational  methods,  tubular  joint  failure  definition/ 
condition,  condition  assessment,  and  code  require- 
ments/technology transfer. 
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Application  of  the  Real-time  Control  System  (RCS)  ref- 
erence model  to  a  simulated  underground  coal  mining 
machine  is  described.  RCS  is  characterized  by  explicit 
software  modules  that  perform  tasks  decomposition, 
sensory  processing,  and  world  modeling  functions  at 
different  hierarchical  levels.  We  use  a  detailed  and 
sharply  defined  approach  to  RCS  design  characterized 
by  task-oriented  problem  analysis,  generic  software 
objects,  rule-based  control  (using  finite  state  ma- 
chines), cyclic  execution  of  manually  scheduled  proc- 
esses, and  generic  communications  interfaces. 
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This  paper  focuses  on  two  related  topics:  a  control  sys- 
tem architecture  that  unifies  autonomous  and 
teleoperated  control  of  unmanned  vehicles,  and  exam- 
ples of  how  real-time  vision  processing  fits  into  this  ar- 
chitecture. The  National  Institute  of  Standards  and 
Technology  (NIST)  hierarchical  real-time  control  sys- 
tem architecture  and  its  application  to  unmanned  vehi- 
cles is  presented.  The  paper  then  discusses  recent 
work  at  NIST  in  real-time  vision  for  both  teleoperated 
and  autonomous  vehicles.  For  teleoperated  vehicles, 
we  describe  a  system  for  video  compression  for  low 
data  rate  remote  vehicle  driving.  For  autonomous  vehi- 
cles, we  describe  passive  range  extraction  from  optical 
flow  for  applications  such  as  target  extraction  and  iden- 
tification, vehicle  driving,  and  terrain  mapping.  We  also 
describe  how  each  of  these  vision  systems  fits  into  the 
control  system  architecture. 
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This  paper  provides  examples  of  how  real-time  vision 
may  be  used  for  controlling  both  teleoperated  and  au- 
tonomous vehicles.  For  teleoperated  vehicles,  we  de- 
scribe a  system  for  video  compression  for  low  data  rate 
remote  vehicle  driving.  For  autonomous  vehicles,  we 
describe  passive  range  extraction  from  optical  flow  for 
applications  such  as  target  extraction  and  identifica- 
tion, vehicle  driving,  and  terrain  mapping. 
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The  authors  outline  a  multiple  dimensional  reference 
model  architecture  and  a  methodology  for  representing 
and  developing  intelligent  systems.  The  reference 
model  architecture  features  multiple  dimensions  ena- 
bling modeling  the  multiple  aspects  of  complex  sys- 
tems. The  canonical  form  within  this  framework  facili- 
tates open  and  scalable  system  architecture.  The  well- 
defined  structures  facilitate  efficient  knowledge  engi- 
neering processes.  We  describe  a  submarine  automa- 
tion model  performing  real-time  control  to  illustrate  the 
application  of  this  reference  model  architecture. 
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In  this  paper  we  present  the  preliminary  results  from 
a  new  experimental  technique  to  synchronize  the 
pulses  from  a  mode-locked  Nd-YAG  laser  to  the  light 
pulses  in  the  VUV  storage  ring  at  the  National  Synchro- 
tron Light  Source  (NSLS).  We  describe  a  method  to 
electronically  change  the  delay  time  between  the  laser 
pulses  and  the  synchrotron  pulses.  We  also  illustrate 
a  method  to  overlap  the  synchrontron  pulses  with  the 
laser  pulses  in  space  and  time.  Preliminary  results  will 
be  presented  for  two  experiments. 
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A  literature  search  on  the  irradiation  resistance  of  inor- 
ganic insulators  for  the  ITER  toroidal  field 
superconducting  magnets  is  reported.  The  materials 
included  AI203,  AIN,  MgO,  porcelain,  Si02,  MgAI204, 
Zr02.  and  mica.  No  in  situ  measurements  of  the  4-K 
compressive,  shear,  and  electrical  breakdown 
strengths  after  4-K  neutron  irradiation  were  retrieved. 
Limited  optical  and  thermal  property  measurements 
made  on  these  insulators  after  cryogenic  irradiations 
indicate  that  recovery  occurs  in  ceramic  oxides  at  am- 
bient temperatures.  Host  atom  amorphization  has 
been  demonstrated  in  AI203  at  77  K,  but  was  not  suc- 
cessful at  300  K.  Apparently,  host  ion  amorphization 
does  not  occur  in  most  ceramic  oxides  at  300  K. 
Amorphization  has  evidently  not  been  attempted  in 
AIN,  MgO,  or  MgAI204  at  77  K.  Silicate-bonded  struc- 
tures, such  as  mica,  porcelain,  and  silica,  do 
amorphize  at  ambient  temperature  and  are,  at  present, 
considered  unacceptable  unless  proven  otherwise  by 
in  situ  electrical  and  mechanical  property  testing  after 
4-K  irradiation.  Zirconia,  even  if  stabilized,  will  probably 
transform  under  neutron  irradiation  and  is,  therefore, 
considered  unsuitable.  Mica  layers  delaminated  under 
low  energy  electron  bombardment.  Natural  mica  layers 
are  porous,  owing  to  spontaneous  and  induced  tracks 
from  U  impurities.  Tracks  caused  a  decrease  in  elec- 


trical breakdown  strength.  Simulation  of  neutron  irra- 
diation by  other  radiation  species  is  also  reviewed  in 
this  report. 
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Results  of  a  literature  search  are  reported  on  the  cryo- 
genic properties  of  candidate  inorganic  insulators  for 
the  toroidal  field  magnets  of  the  International  Thermo- 
nuclear Experimental  Reactor.  The  materials  inves- 
tigated include:  AI203,  AIN,  MgO,  porcelain,  Si02, 
MgAI204,  Zr02,  and  mica.  A  graphical  presentation  is 
given  of  mechanical,  elastic,  electrical,  and  thermal 
properties  between  4  and  300  K.  A  companion  report 
reviewed  the  low  temperature  irradiation  resistance  of 
these  materials. 
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A  system  for  intercomparing  standard  solutions  of  pure 
beta-particle  emitting  radionuclides  is  described.  The 
CIEMAT/NIS  technique  of  beta-particle  efficiency  trac- 
ing is  based  on  establishing  a  parameter  in  a  simple 
calculational  model,  using  a  (H-3)  standard  with  com- 
parable quenching.  Measurements  were  made  under 
similar  geometrical  and  quenching  conditions  for  each 
radionuclide  with  a  commercial  scintillator  and  conven- 
tional liquid-scintillation  counter  with  two  phototubes 
operating  in  coincidence.  The  technique  was  then  test- 
ed at  different  sites  in  the  area  using  a  set  of  flame- 
sealed  vials  and  state-of-the-art  liquid-scintillation 
counters. 
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A  new  secondary  measuring  system  for  Rn22-in-air 
that  can  be  used  as  a  very  efficacious  transfer  calibra- 
tion standard  for  measurement  intercomparisons  be- 
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tween  laboratories  has  been  developed  and  exten- 
sively tested.  The  system  is  based  on  measurements 
of  the  photon  emission  rate  of  radon  samples  con- 
tained in  spherical  35-mL  glass  ampoules  with  a 
Nal(TI)  well  counter.  The  system  is  calibrated  against 
the  NIST  pulse-ionization-chamber  (PIC)  national 
radon  measuring  system,  and  has  an  overall  uncer- 
tainty of  approximately  2  percent.  An  international 
intercomparison  of  11  laboratories,  including  NIST, 
using  this  system  was  performed. 
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Radionuclides  are  increasingly  used  in  therapeutic  nu- 
clear medicine.  The  CIEMAT/NIST  method  of  stand- 
ardizing high-energy  beta-particle  emitters  is  being  ap- 
plied to  a  list  of  candidate  radionuclides  developed  by 
the  US  nuclear  medicine  community.  Standards  and 
standard  methods  are  needed  by  the  pharmaceutical 
manufacturers  in  North  America  before  these  nuclides 
can  be  widely  distributed.  Solutions  standardized-by 
liquid-scintillation  counting  are  used  to  establish  count- 
ing efficiencies  for  Cerenkov  counting  and  Nal(TI)  well 
crystals,  and  potentiometer  settings  for  commercial  ra- 
dionuclide calibrators.  Results  are  presented  for  a 
number  of  beta-particle-emitting  radionuclides. 
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For  radiation-instrument  calibration  to  be  generally  ac- 
ceptable throughout  the  US,  direct  or  indirect 
traceability  to  a  primary  standard  is  required.  In  most 
instances,  one  of  the  primary  standards  established  at 
NIST  is  employed  for  this  purpose.  The  Department  of 
Energy  Laboratory  Accreditation  Program  (DOELAP) 
is  an  example  of  a  program  employing  dosimetry 
based  on  the  NIST  primary  photon-,  beta  particle-  and 
neutron-dosimetry  standards.  The  NIST  primary  do- 
simetry standards  for  bremsstrahlung  were  first  estab- 
lished in  the  1950s.  They  have  been  updated  since 


then  on  several  occasions.  In  the  1970s,  Technical 
Committee  85  of  the  International  Standards  Organiza- 
tion (ISO)  started  its  work  on  establishing  sets  of  inter- 
nationally acceptable,  well-characterized  photon 
beams  for  the  calibration  of  radiation-protection  instru- 
ments. It  is  the  intent  of  this  paper  to  make  a  detailed 
comparison  between  the  current  NIST  and  the  most 
up-to-date  ISO  techniques.  At  present,  41  brems- 
strahlung techniques  are  specified  in  ISO  4037  while 
NIST  supports  a  total  of  32  techniques.  Given  the  exist- 
ing equivalences,  it  makes  sense  to  try  to  extend  the 
NIST  techniques  to  cover  more  of  the  ISO  Narrow 
Spectrum  and  High  Air-Kerma  Rate  Series.  These  ex- 
tensions will  also  allow  the  possibility  for  use  of  ISO 
beam  techniques  in  future  revisions  of  the  DOELAP 
standard,  which  has  been  suggested  by  DOE.  To  this 
end,  NIST  was  funded  by  DOE  to  procure  material  and 
make  adaptations  to  the  existing  NIST  x-ray  calibration 
ranges  to  allow  NIST  to  have  the  capability  of  produc- 
ing all  the  ISO  bremsstrahlung  techniques.  The  follow- 
ing sections  describe  the  steps  that  were  taken  to 
achieve  this. 
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Beginning  in  1987  the  U.S.  Council  for  Energy  Aware- 
ness (USCEA)  in  cooperation  with  the  National  Insti- 
tute of  Standards  and  Technology  (NIST)  established 
a  measurement  assurance  program  for  the  nuclear 
power  industry.  It  was  designed  to  serve  the  needs  of 
the  utility  companies,  source  suppliers,  and  service 
laboratories  which  were  not  addressed  by  other  pro- 
grams in  existence  at  that  time.  The  program  distrib- 
utes various  samples  prepared  at  NIST  to  all  partici- 
pants, with  the  NIST  value  undisclosed  until  the  meas- 
urement result  from  the  participant  is  reported.  In  an- 
other part  of  the  program,  source  suppliers  also  submit 
samples  of  their  standards  to  NIST  for  verification  and 
traceability.  The  mechanics  of  the  program  are  de- 
scribed, and  the  results  from  the  first  three  years  of 
the  program  are  summarized. 
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The  systematic  study  and  identification  of  the  mecha- 
nisms responsible  for  changes  occurring  in 
radiochromic  dye  films  (RDFs)  as  a  result  of  exposure 
to  ionizing  radiation,  requires  the  possibility  of  varying 
a  number  of  parameters  during  their  fabrication.  A  se- 
ries of  RDFs  were  developed  with  thicknesses  in  the 
range  of  15  to  60  micrometers.  The  amount  of  dye  pre- 
cursor and  stabilizers  was  varied  in  a  systematic  way. 
A  series  of  unexposed  films  was  irradiated  with  1  MeV 
electrons  and  10  MeV  protons.  Optical  characterization 
of  the  films  was  performed.  Irradiations  were  carried 
out  in  the  dose  range  from  0  to  440  kGy.  The  fabrica- 
tion techniques,  the  irradiation  procedures,  and  the  op- 
tical characterization  of  the  films  are  described.  Con- 
clusions are  presented  regarding  the  useful  dose 
range  for  the  RDFs,  their  sensitivity  to  different  types 
of  radiation,  and  a  comparison  is  made  with  other  simi- 
lar film  dosemeters  used  in  the  materials  processing 
industry. 
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An  attempt  to  standardize  hot  particle  beta  dosimetry 
is  addressed  through  the  generation  and  characteriza- 
tion of  (60)CO  micro-spheres.  An  electrical  arc,  rapid 
solidification  process  of  a  cobalt  alloy  was  used  to 
produce  uniform  spherical  particles  of  various  diame- 
ters ranging  from  50  to  250  microm.  Neutron  activation 
of  these  particles  yielded  essentially  pure  (60)CO  in 
the  microcurie  range.  The  particles  were  characterized 
by  physical  size  and  activity;  dose  rates  were  deter- 
mined using  extrapolation  chamber  and  radiochromic 
dye  film  measurements. 
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The  radiolytic  bleaching  of  aryl  sulfonic-substituted 
para-diethyl-amino  triphenylmethane  dye  solutions  can 
be  used  for  dosimetry  in  the  absorbed  dose  range  10 
to  400  Gy.  The  sulfonic  anions  provide  solubility  of 
these  acid  dyes  in  water.  Two  of  these  dyes  are  sup- 
plied as  stable  greenish-blue  biological  stains  when 
dissolved  in  weakly-acidic  aqueous  solution.  Light 
Green  SF  Yellowish  and  East  Green  FCF.  They  have, 
respectively,  linear  molar  absorption  coefficents  of 
7.14  x  10  to  the  3rd  power  (at  pH  5.4)  and  10.0  x  10 
to  the  3rd  power  (at  pH  4.2)  sq.  m.  mol  to  the  minus 
one  power,  when  measured  at  the  peaks  of  the  primary 
absorption  bands,  630  nm  and  622  nm,  respectively. 
The  bleaching  due  to  irradiation  with  gamma  rays 
shows  a  linear  function  with  a  positive  slope  between 
the  negative  algorithm  of  the  absorbance  and  the  ab- 
sorbed dose.  The  effect  of  pH  on  the  response  is  stud- 
ied, as  well  as  the  effects  of  light  and  temperature  on 
pre-  and  post-irradiation  stability.  A  mechanism,  based 
mainly  on  radiolytic  oxidation  of  the  protonated  pheno- 
lic or  sulfonated  phenyl  group  by  OH,  with  the  abstrac- 
tion of  H-atom  to  water,  is  postulated  for  neutral  to 
slightly  acidic  aerated  aqueous  solutions. 
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The  radiolytic  reduction  of  colorless  tetrazolium  salts 
in  aqueous  solution  to  the  highly  colored  formazan  dye 
is  well-known  acid-forming  radiation  chemical  reaction. 
Radiochromic  thin  films  and  three-dimensional  hydro- 
colloid  gels  have  been  used  for  imaging  and  mapping 
absorbed  dose  distributions.  The  high  solubility  of 
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2.3.5-triphenyl-tetrazolium  chloride  (TTC)  in  alcohols 
provides  a  useful  liquid  dosimeter  (45  mM  TTC  in  aer- 
ated ethanol)  and  shows  a  linear  response  of 
absorbance  increase  (lambda(sub  max)  =  480  nm) 
with  dose  over  the  range  1-16  kGy.  The  linear  molar 
absorption  coefficient  lambda  for  the  formazan  at  the 
absorption  peak  is  1.5  x  10  to  the  third  power  sq.  m. 
mol  to  the  minus  one  power,  and  the  radiation  chemical 
yield  for  the  above  solution  is  G  (formazan)  =  0.014 
micromoles  J  to  the  minus  1  power.  The  irradiation 
temperature  coefficient  is  about  0.8  percent  per  degree 
Celsius  rise  in  temperature  over  the  temperature  range 
0-30  degrees  C  but  is  much  larger  between  30  degrees 
and  60  degrees  C. 
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Dosimetry  serves  important  functions  in  radiation  proc- 
essing, where  large  absorbed  doses  and  dose  rates 
from  photon  and  electron  sources  have  to  be  meas- 
ured with  reasonable  accuracy.  Proven  dosimetry  sys- 
tems are  widely  used  to  perform  radiation  measure- 
ments in  development  of  new  processes,  validation, 
qualification,  and  verification  (quality  control)  of  estab- 
lished processes  and  archival  documentation  of  day- 
to-day  and  plant-to-plant  processing  uniformity.  Proper 
calibration  and  traceability  of  routine  dosimetry  sys- 
tems to  standards  are  crucial  to  the  success  of  many 
large-volume  radiation  processes.  Recent  innovations 
and  advances  in  performance  of  systems  that  enhance 
radiation  measurement  assurance  and  process 
diagnostics  include  dose-mapping  media  (new 
radiochomic  film  and  solutions),  optical  waveguide  sys- 
tems for  food  irradiation,  solid-state  devices  for  real- 
time and  passive  dosimetry  over  wide  dose-rate  and 
dose  ranges,  and  improved  analytical  instruments  and 
data  acquisitions. 
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Nylon-base  radiochromic  films  are  commercially-avail- 
able, thin  dosimeters  that  are  widely  used  in  radiation 
processing.  Based  on  some  earlier  studies,  their  re- 
sponse functions  have  been  reported  to  be  dependent 
on  the  temperature  and  relative  humidity  during  irradia- 
tion. The  present  study  investigates  differences  in  re- 
sponse over  practical  ranges  of  temperature,  relative 
humidity,  dose,  and  for  different  recent  batches  of  films 
of  both  types.  It  is  observed  that  for  each  new  batch 
of  film  to  be  used  for  radiation  processing,  the  effects 
of  such  parameters  on  response  to  both  gamma  rays 
and  electrons  should  be  investigated. 
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A  real  time  radiation  monitor  (RTRM)  has  been  devel- 
oped for  monitoring  the  dose  rate  (current  density)  of 
electron  beam  processors.  The  system  provides  con- 
tinuous monitoring  of  processor  output,  electron  beam 
uniformity,  and  an  independent  measure  of  operating 
voltage  or  electron  energy.  In  view  of  the  device's  abil- 
ity to  replace  labor-intensive  dosimetry  in  verification 
of  machine  performance  on  a  real-time  basis,  its  appli- 
cation to  providing  archival  performance  data  for  in-line 
processing  is  discussed. 
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Orientation  effects  during  electron  spin  resonance 
(ESR)  measurement  are  studied  on  alanine-polymer 
dosimeters  prepared  by  different  molding  procedures 
(press-molding  or  extrusion),  and  also  according  to  dif- 
ferent shapes  (rods  with  different  lengths  and  thin- 
films).  The  variation  in  ESR  signal  amplitude  was 
measured  by  rotating  a  dosimeter  around  the  vertical 
mid-axis  and  at  a  right  angle  to  the  magnetic  field  in 
the  ESR  cavity,  at  a  temperature  of  22  deg  C.  Orienta- 
tion effects  for  rod  dosimeters  with  both  molding  proce- 
dures (press  and  extrusion),  and  with  different  lengths, 
were  negligible.  Orientation  effects  on  the  film 
dosimeters  can  be  eliminated,  however,  when  they  are 
positioned  vertically  and  parallel  to  the  mid-axis  of  the 
ESR  cavity. 
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In  cooperation  with  the  U.S.  Council  for  Energy  Aware- 
ness (USCEA),  the  National  Institute  of  Standards  and 
Technology  (NIST)  supervises  and  administers  two 
measurement  assurance  programs  for  radioactivity 
measurement  traceability.  One,  in  existence  since  the 
mid  1970s,  provides  traceability  to  suppliers  of 
radiochemicals  and  radiopharmaceuticals,  dose  cali- 
brators, and  nuclear  pharmacy  services.  The  second 
program,  begun  in  1987,  provides  traceability  to  the 
nuclear  power  industry  for  utilities,  source  suppliers, 
and  service  laboratories.  Each  program  is  described, 
and  the  results  of  measurements  of  samples  of  known, 
but  undisclosed  activity,  prepared  at  NIST  and  meas- 
ured by  the  participants  are  presented. 
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Calorimetry  and  thermodynamics  are  used  in  a  wide 
variety  of  basic  and  applied  sciences.  This  was  re- 
flected in  the  seemingly  disparate  topics  dealt  with  at 
the  conference:  low-  and  high-temperature  physics,  in- 
organic and  organic  chemistry,  solution  chemistry, 
chemical  engineering,  biochemistry,  and  biology.  Ac- 
cordingly, the  conference  was  organized  into  1 1 
symposia  covering  a  variety  of  topics. 
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An  interlaboratory  program  has  been  undertaken  to  in- 
vestigate the  consistency  of  direct  measurements  and 
rigorous  calculations  of  neutron  leakage  from  a  mod- 
erated fission  neutron  source  for  the  purpose  of  im- 
proving the  calculations  of  criticality  for  arrays  of  indi- 
vidually sub-critical  components.  The  present  work  is 
intended  to  check  the  possibility  that  one  problem  with 
these  calculations  may  be  associated  with  the  esti- 
mation of  neutron  leakage  from  individual  components, 
which  could  lead  to  misrepresented  source  terms  for 
other  components  of  the  array.  Results  of  calculations 
and  measurements  are  presented,  and  discrepancies 
are  noted. 


03,724 

PB95-161121       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Metallurgy  Div. 

Information  Retrieval  Using  Key  Words  and  a 

Structured  Review. 

Final  rept. 

C.  G.  Interrante,  C.  A.  Messina,  and  A.  C.  Fraker. 
1993,  10p. 

Sponsored  by  Nuclear  Regulatory  Commission,  Wash- 
ington. DC.  Div.  of  High-Level  Waste  Management. 
Pub.  in  Standardizing  Terminology  for  Better  Commu- 
nication: Practice,  Applied  Theory,  and  Results,  ASTM 
STP  1166,  p242-251  1993. 

Keywords:  'High  level  radioactive  wastes, 
'Radioactive  waste  storage,  'Information  retrieval, 
'Databases,  Information  systems,  Database  manage- 
ment, Standardized  terminology,  Reviewing,  Reliabil- 
ity, Literature  surveys,  Radioactive  waste  disposal, 
Containment  systems,  Failure  mode  analysis,  Re- 
prints, Controlled  vocabulary. 

A  database  has  been  developed  to  assist  the  Nuclear 
Regulatory  Commission  in  assessing  the  efficacy  of 
proposed  plans  for  radionuclide  containment  for  long- 
term  storage  of  high-level  nuclear  waste  (HLW).  Impor- 
tant elements  of  this  database  are  reviews  and  evalua- 
tions of  available  literature  on  a  waste  package  for 
HLW.  The  review  process  and  database  have  been  de- 
veloped and  tailored  to  quickly  provide  information  to 
answer  questions  about  materials  or  components, 
about  environments,  and  about  interactions  among  the 
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components  of  a  waste  package.  Descriptions  are 
given  of  the  structure  of  the  database  and  of  the  docu- 
ment review  process  and  methods  of  searching. 
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The  useful  life  of  a  buried  concrete,  containment  struc- 
ture for  low  level  nuclear  waste  may  be  controlled  by 
the  loss  of  its  load-bearing  capacity  or  an  increase  in 
permeability.  The  latter  factor  is  controlled  by  the  gen- 
eral degradation  of  the  concrete  and  by  the  presence 
of  discrete  cracks  resulting  from  externally  applied 
loads  or  from  restraint  to  normal  volume  changes.  To 
be  able  to  predict  the  effects  of  cracks  on  permeability, 
it  is  necessary  to  understand  the  causes  and  mecha- 
nisms of  discrete  crack  formation  in  reinforced  con- 
crete structures.  The  objective  of  this  report  is  to  pro- 
vide an  overview  of  the  design  and  behavior  of  rein- 
forced concrete  members  and  to  discuss  the  factors 
affecting  the  formation  of  cracks  in  hardened  concrete. 
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A  computer  program  has  been  written  to  facilitate  per- 
formance assessment  of  concrete  vaults  used  in  Low 
Level  Waste  (LLW)  disposal  facilities.  The  computer 
program  is  a  numerical  computer  model  of  degradation 
in  concrete.  A  one-dimensional  finite  different  equation 
is  used  to  propagate  ions  by  precipitation/dissolution 
of  available  salts.  The  precipitation/dissolution  of  salts, 
in  turn,  changes  the  transport  properties,  which 
changes  the  rate  of  ion  transport.  The  result  is  a  model 
which  incorporates  the  synergism  of  multiple  degrada- 
tion mechanisms. 
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This  paper  describes  research  being  carried  out  at 
NIST  on  the  long-term  performance  of  concrete  for 
constructing  low-level  nuclear  waste  (LLW)  disposal 
facilities.  Three  major  research  needs  have  been  iden- 
tified which  are:  validation  of  service  life  models;  devel- 
opment of  performance  criteria  for  materials  and  sys- 
tems to  repair  concrete  before  closure  of  concrete 


vaults;  and  development  of  an  expert  system  to 
dissiminate  knowledge  on  concrete  durability  for  con- 
structing concrete  vaults. 
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The  United  States  Nuclear  Regulatory  Commission 
(NRC),  in  cooperation  with  the  National  Institute  of 
Standards  and  Technology  conducted  the  Digital  Sys- 
tems Reliability  and  Nuclear  Safety  Workshop  on  Sep- 
tember 13-14,  1993,  in  Rockville,  Maryland.  The  work- 
shop provided  a  forum  for  the  exchange  of  information 
among  experts  within  the  nuclear  industry,  experts 
from  other  industries,  regulators  and  academia.  The  in- 
formation presented  at  this  workshop  provided  in- 
depth  exposure  of  the  NRC  staff  and  the  nuclear  indus- 
try to  digital  systems  design  safety  issues  and  also  pro- 
vided feedback  to  the  NRC  from  outside  experts  re- 
garding identified  safety  issues,  proposed  regulatory 
positions,  and  intended  research  associated  with  the 
use  of  digital  systems  in  nuclear  power  plants.  Tech- 
nical presentations  provided  insights  on  areas  where 
current  software  engineering  practices  may  be  inad- 
equate for  safety-critical  systems,  on  potential  solu- 
tions for  development  issues,  and  on  methods  for  re- 
ducing risk  in  safety-critical  systems.  The  report  con- 
tains an  analysis  of  results  of  the  workshop,  the  papers 
presented,  panel  presentations,  and  summaries  of  dis- 
cussions at  this  workshop. 
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The  NBSR  is  a  20-MW  research  reactor  operated  by 
the  National  Institute  of  Standard  and  Technology.  It 
was  designed  with  a  55  cm  diameter  beam  port  for  the 
purpose  of  installing  a  D20-ice  cold  neutron  source, 
completed  in  1987.  A  liquid  hydrogen  cold  neutron 
source  is  being  developed  to  replace  the  D20  ice  in 
order  to  increase  the  cold-neutron  yield.  A  simple,  pas- 
sively-safe system  has  been  designed,  with  multiple 
barriers  preventing  air  from  mixing  with  hydrogen.  A 
thermosiphon  will  be  used  to  maintain  the  liquid  hydro- 
gen inventory  in  the  moderator  chamber.  The  hydro- 
gen condenser  is  cooled  by  a  3.5-kW  helium  refrig- 
erator. A  ballast  tank  is  connected  to  the  condenser 
so  the  entire  hydrogen  inventory  can  expand  freely  into 
the  tank,  providing  completely  passive  protection 
against  refrigerator  failures. 
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The  existing  D20-ice  cold  neutron  source  in  the  20- 
MW  NBSR  will  be  replaced  in  1 994  with  a  liquid-hydro- 
gen (LH2)  source  to  increase  the  yield  of  cold  neutrons 
(lambda  greater  than  0.4  nm).  Two  series  of  Monte 
Carlo  calculations  using  MCNP  were  performed  to  de- 
termine the  optimum  cold  moderator  geometry,  and  to 
verify  its  performance.  Only  the  region  near  the 
cryostat  was  modeled  for  the  first  series  of  calcula- 
tions, leading  to  the  choice  of  a  spherical  annulus  for 
the  LH2  source.  A  complete  MCNP  model  of  the  core 
was  subsequently  developed. 
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The  existing  D20-ice  cold  neutron  source  in  the  20- 
MW  National  Bureau  of  Standards  reactor  (NBSR)  will 
be  replaced  in  1994  with  a  liquid-hydrogen  (LH2) 
source  to  increase  the  yield  of  cold  neutrons  (lambda 
>  0.4  nm).  Two  series  of  Monte  Carlo  calculations 
using  MCNP  were  performed  to  determine  the  opti- 
mum cold  moderator  geometry  and  to  verify  its  per- 
formance. Only  the  region  near  the  cryostat  was  mod- 
eled for  the  first  series  of  calculations,  leading  to  the 
choice  of  a  spherical  annulus  for  the  LH2  source.  A 
complete  MCNP  model  of  the  core  was  subsequently 
developed. 
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This  report  summarizes  all  the  programs  which  use  the 
NIST  reactor.  It  covers  the  period  for  October  1993 
through  September  1994.  The  programs  range  from 
the  use  of  neutron  beams  to  study  the  structure  and 
dynamics  of  materials  through  nuclear  physics  and 
neutron  standards  to  sample  irradiations  for  activation 
analysis,  isotope  production,  neutron  radiography,  and 
nondestructive  evaluation. 
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The  National  Bureau  of  Standards  reactor  (NBSR)  is 
a  20-MW  research  reactor  operated  for  the  U.S.  De- 
partment of  Commerce  at  the  National  Institute  of 
Standards  and  Technology  in  Gaithersburg,  Maryland. 
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Earlier  this  year,  a  liquid  hydrogen  cold  neutron  source 
was  installed  in  the  NBSR  to  increase  the  yield  of  long 
wavelength  (lambda  equal  to  or  greater  than  0.4  nm) 
neutrons.  As  part  of  the  design  effort  for  the  new  cold 
source,  Monte  Carlo  simulations  of  the  core  and  the 
cryogenic  beam  port  were  performed  using  the  MCNP 
code.  The  model  has  been  steadily  improved  and, 
where  possible,  compared  with  measurements. 
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One  of  the  most  commonly  invoked  safeguards  against 
design  basis  events  in  nuclear  power  plants  is  the  use 
of  functional  diversity.  When  auditors  for  the  United 
States  Nuclear  Regulatory  Commission  (NRC)  exam- 
ine safety  systems  for  nuclear  power  plants,  they  also 
inspect  the  software  embedded  within  the  safety  sys- 
tems to  ensure  functional  diversity.  For  computer  soft- 
ware, this  means  that  there  is  no  common  code  shared 
among  diverse  computations.  The  steps  the  auditor 
must  take  include  identifying  the  types  of  system  haz- 
ards that  could  occur,  using  techniques,  like  fault  tree 
analysis,  to  locate  software  that  should  be  examined 
further,  and  then  inspecting  the  code  for  diversity.  This 
paper  describes  an  approach  using  a  concept  called 
program  slicing  to  support  auditors. 
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This  study  examines  standards,  draft  standards,  and 
guidelines  (all  of  which  will  hearafter  be  referred  to  as 
documents)  that  provide  requirements  for  the  assur- 
ance of  software  in  safety  systems  in  nuclear  power 
plants.  The  study  focuses  on  identifying  the  attributes 
necessary  in  a  standard  for  providing  reasonable  as- 
surance for  software  in  nuclear  systems.  The  docu- 
ments vary  widely  in  their  requirements  and  the  preci- 
sion with  the  requirements  are  expressed.  Rec- 
ommendations are  provided  for  guidance  for  the  assur- 
ance of  high  integrity  software. 
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This  article  describes  a  study  that  examines  standards, 
draft  standrads,  and  guidelines  (all  of  which  will 
hereafterbe  referred  to  as  documents)  that  provide  re- 
quirements for  the  assurance  of  software  in  safety  sys- 
tems in  nuclear  power  plants.  The  study  focuses  on 
identifying,  for  developers  of  standards,  the  elements 
to  be  addressed  in  a  standard  for  providing  reasonable 
assurance  of  software  in  safety  systems  in  nuclear 
power  plants.  The  documents  vary  widely  in  their  re- 
quirements and  the  precision  with  which  the  require- 
ments are  eexpressed.  Recommendations  are  outlined 
for  guidance  for  the  assurance  of  high-integrity  soft- 
ware. 
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Final  rept. 

R.  E.  Williams.  1995,  2p. 

Pub.  in  Transactions  of  the  American  Nuclear  Society, 
v72  n0003-018X  p31 2-31 3  1995. 
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search Facility(CNRF). 

The  National  Bureau  of  Standards  (now  the  National 
Institute  of  Standards  and  Technology  (NIST))  reactor 
(NBSR),  a  20-MW  research  reactor  operated  by  NIST, 
has  become  the  leading  U.S.  laboratory  in  research 
using  nuclear  methods.  About  1000  scientists  from  200 
industries,  government  and  foreign  laboratories,  and 
universities  conducted  experiments  at  the  NBSR  last 
year.  Since  1990,  when  the  first  instruments  in  the  Cold 
Neutron  Research  Facility  (CNRF)  became  available, 
the  number  of  research  participants  has  doubled.  A 
major  program  of  modernization  and  facility  upgrade 
was  initiated  to  meet  this  growing  demand  and  to  en- 
sure safe  and  reliable  reactor  operations  for  30  addi- 
tional yr. 
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The  Nuclear  Methods  Group  of  NIST  is  developing  a 
new  rapid  pneumatic  tube  irradiation  system  to  be  in- 
serted into  our  20  MW  nuclear  reactor.  The  terminal 
will  be  inserted  into  an  existing  horizontal  pneumatic 
tube  location,  the  only  one  of  five  pneumatic  tubes 
which  has  not  been  operational  since  the  reactor  up- 
grade from  10  to  20  MW  ten  years  ago.  This  new  termi- 
nal will  contain  two  irradiation  locations,  one  at  the  tip 
in  a  void  area  between  several  fuel  elements  for 
epithermal  fluence  optimization,  the  second  in  a  D20 
tank  midway  in  the  terminal  to  optimize  the  thermal 
fluence.  Estimated  neutron  fluence  rates  (in  n-cm-2s- 
1)  are  9E13  thermal/3E13  epithermal  for  the  tip  irradia- 
tion location  inside  the  D2Q  tank. 
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Sputtered  Ni80Fe20/Ag  multilayers,  annealed  post- 
growth,  show  giant  magnetoresistive  (GMR)  effects  at 
unusually  low  magnetic  fields  (approx.  5  Oe).  Struc- 
tural characterization  by  cross-sectional  TEM  and  x- 
ray  diffraction  indicates  that  the  Ag  preferentially  dif- 
fuses into  the  Ni80Fe20  layers  at  the  interfaces.  Using 
polarized-neutron  specular  reflectivity,  the  authors 
have  obtained  magnetization  depth  profiles  for  a  series 
of  annealed  (Ni80Fe20(20A)/Ag(40A))4  multilayers. 
Though  GMR  in  related  materials  is  associated  with 
coherent  antiferromagnetic  alignment  of  the  ferromag- 
netic layers,  specular  neutron  data  for  the  Ni80Fe20/ 
Ag  multilayers  show  no  trace  of  half-order  spin-flip  in- 
tensity characteristic  of  this  simple  structure.  In  small 
applied  fields,  transverse  scans  at  the  half-order  posi- 
tion show  a  broad  feature  which  disappears  upon  satu- 
ration. These  data  suggest  that  while  the  Ni80Fe20 
moments  are  antiferromagnetically  correlated  along 
the  growth  axis,  the  in-plane  magnetic  domains  are 
only  of  micron-order  size  and  are  thus  not  apparent  in 
a  specular  measurement. 
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The  authors  measured  the  energy  distribution  scat- 
tered from  polycrystalline  C60,  using  a  high-resolution 
filter-analyzer  spectrometer.  In  the  energy  range  30- 
90  meV  (242-726  cm  to  the  minus  one  power)  the  au- 
thors observed  a  rich  spectrum  that  the  authors  fitted 
to  a  sum  of  15  Gaussian  functions,  each  of  which  is 
assigned  to  one  or  a  set  of  several  degenerate  normal 
vibrational  modes  of  the  C60  molecule.  The  authors 
also  observed  two  broad  features  in  the  energy  range 
from  90-130  meV  (726-1049  cm  to  the  minus  one 
power).  The  authors'  results  are  generally  in  excellent 
agreement  with  published  spectroscopic  data.  Detailed 
comparisons  with  the  results  of  several  first-principles 
calculations  suggest  that  present-day  theories  can  pre- 
dict the  internal  vibrational  frequencies  of  C60  rather 
well,  at  least  in  the  30-90  meV  range  of  energies. 
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The  report  summarizes  all  the  programs  that  use  the 
NIST  reactor.  It  covers  the  period  for  October  1994 
through  September  1995.  The  programs  range  from 
the  use  of  neutron  beams  to  study  the  structure  and 
dynamics  of  materials  through  nuclear  physics  and 
neutron  standards  to  sample  irradiations  for  activation 
analysis,  isotope  production,  neutron  radiography,  and 
nondestructive  evaluation. 
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ty,  Exposure,  Fire  resistance,  Test  methods,  Tempera- 
ture-time curves,  ASTM  E  1 19  Standard. 

The  aim  of  the  current  study  is  to  propose  a  methodol- 
ogy for  developing  and  implementing  NPP-specific  de- 
scriptions of  fire  environments  and  associated  ASTM- 
type  furnace  test  methods.  Here  the  terminology  ASTM 
E  1 1 9-type  test  is  used  to  refer  to  a  test  method  that 
basically  follows  the  ASTM  E  1 19  test  procedures,  but 
where  the  ASTM  E  119  standard  temperature-time 
curve  is  replaced  with  a  relevant,  NPP-specific,  alter- 
native curve.  The  approach  taken  in  the  current  study 
consists  of  three  steps  or  tasks:  (1)  review  the  history 
of  the  ASTM  E  119  temperature-time  curve  to  assess 
its  current  applicability  and  limitations  in  simulating  real 
fires;  (2)  review  the  history  of  efforts  to  develop  alter- 
native curves  and  the  methodologies  used;  and  (3)  use 
the  findings  from  (1)  and  (2),  knowledge  of  NPP  con- 
struction, fuel  types  and  loads,  and  state-of-the-art  fire 
science  to  propose  a  methodology  for  developing  and 
implementing  NPP-specific  descriptions  of  fire  environ- 
ments and  associated  ASTM-type  temperature-time 
curves  and  test  methods. 


Reactor  Materials 
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The  design  and  operation  of  a  new  research  furnace, 
optimized  for  small-angle  neutron  scattering  experi- 
ments at  a  steady-state  nuclear  reactor  with  a  cold 
source,  are  presented.  The  apparatus  enables  the 
study  of  thermal  processing  of  materials,  such  as  the 
sintering  behavior  in  ceramics,  through  the  measure- 
ment of  their  microstructural  parameters  (e.g.  pore 
sizes,  pore  volumes  and  pore  surface  areas)  during 
thermal  treatment.  Small-angle  neutron  scattering 
measurements  can  be  performed  in  situ  in  an  oxidiz- 
ing, reducing  or  neutral  environment  at  temperatures 
up  to  2000  K. 
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Selected  tissues  (blubber,  liver,  kidney  and  muscle) 
from  marine  mammals,  which  were  collected  as  part 


of  the  Alaska  Marine  Mammal  Tissue  Archival  Project 
(AMMTAP),  were  analyzed  for  polychlorinated 
biphenyl  (PCB)  congeners  and  chlorinated  pesticides. 
Concentrations  of  these  compounds  in  the  different  tis- 
sues were  compared  and  blubber  was  selected  as  the 
primary  tissue  for  organic  contaminant  analyses  for  the 
AMMTAP  based  on  higher  levels  (1-2  orders  of  mag- 
nitude) in  this  tissue  compared  to  liver,  kidney  and 
muscle. 
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A  Standard  Reference  Material  (SRM)  made  from 
whale  blubber  has  been  developed  for  the  validation 
of  methods  used  for  the  determination  of  poly- 
chlorinated biphenyl  (PCB)  congeners  and  chlorinated 
pesticides.  This  material,  which  is  a  frozen  blubber  tis- 
sue homogenate,  was  analyzed  using  three  different 
analytical  techniques.  These  techniques  were  based 
on  gas  chromatography  with  electron  capture  detection 
on  two  stationary  phases  with  different  selectivity  for 
the  seperation  of  PCB  congeners  and  gas  chroma- 
tography with  mass  spectrometric  detection.  The  re- 
sults from  these  three  techniques  were  in  good  agree- 
ment and  were  combined  to  provide  certified  con- 
centrations for  27  PCB  congeners  and  15  chlorinated 
pesticides. 
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The  relative  susceptibilities  to  hydrogen  induced  cold 
cracking  were  evaluated  for  HY-100,  a  steel  presently 
in  service  in  naval  applications  and  for  HSLA-1 00.  The 
martensitic  microstructure  of  the  HY-100  undergoes 
wide  variations  in  the  heat  affected  zone  during  weld- 
ing which  strongly  influence  the  resistance  of  that  alloy 
to  cold  cracking.  The  HSLA-100,  a  low  carbon,  precipi- 
tation hardened  steel  with  similar  strength  and  tough- 
ness to  that  of  the  HY-100,  possesses  a  significantly 
lower  degree  of  hardenability  which  results  in  minimal 
microstructural  variations  in  the  heat  affected  zone 
under  the  same  simulated  welding  conditions.  The  me- 
chanical properties  of  the  base  metal  and  the  heat  af- 
fected zone  created  during  a  simulated,  single  welding 
pass  were  characterized  by  the  slow  strain  rate  tech- 
nique for  both  steels  in  an  inert  environment  and  in  arti- 
ficial seawater  under  free  corrosion  and  controlled  hy- 
drogen fugacities.  The  electrochemical  behaviors  of 
both  steels  were  also  evaluated  in  artificial  seawater. 
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Intelligent  control  for  autonomous  vehicles  in  a  natural, 
potentially  hostile  environment  requires  a  system  that 
integrates  artificial  intelligence  with  modern  control  the- 
ory, and  that  is  implemented  on  parallel,  possibly  spe- 
cial-purpose hardware.  Issues  dealing  with  the  require- 
ments of  such  a  system  are  discussed  in  the  context 
of  the  Multiple  Autonomous  Undersea  Vehicles 
(MAUV)  project.  The  MAUV  control  system  and  its  im- 
plementation are  also  presented.  The  goal  of  the 
MAUV  project  was  to  have  multiple  undersea  vehicles 
exhibiting  intelligent,  autonomous,  cooperative  behav- 
ior. The  MAUV  control  system  is  hierarchically  struc- 
tured and  incorporates  sensing,  world  modeling,  plan- 
ning and  execution.  The  levels  in  the  hierarchy  include: 
mission,  group,  vehicle  task,  elemental  action,  primi- 
tive action,  and  servo.  Issues  of  real-time  planning  and 
dynamic  replanning  in  unstructured  environments  are 
discussed.  A  multi-level  world  model  that  supports 
real-time  planning  is  also  described.  Finally,  timing  is- 
sues, implementation,  and  initial  experimental  results 
are  presented. 
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The  major  objectives  of  this  project  are  to:  Dem- 
onstrate the  application  of  the  NIST  RCS  to  submarine 
automation;  and  Refine  and  document  the  RCS  meth- 
odology. This  cycle  of  the  submarine  automation 
project  emphasizes:  Continuing  investigating  and  de- 
veloping the  human  computer  interface  (HCI);  Expand- 
ing the  submarine  control  system,  the  simulator,  and 
the  animator  to  include  engineering  supporting  sys- 
tems; Demonstrating  reusing  the  existent  automated 
maneuvering  system  software;  and  Refining  the  RCS 
methodology. 
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Three  different  hull  designs  were  evaluated  in  the 
30,000-40,000  Ion  range:  a  baseline  conventional  dou- 
ble hull  bottom  with  transverse  and  longitudinal  fram- 
ing, an  advanced  double  hull  (ADH)  with  unidirectional 
longitudinal  web,  and  a  variant  of  the  AH  design  incor- 
porating curved  plates.  A  large  fabricated  'rock'  was 
used  to  indent  each  structure  vertically,  causing  first 
rupture  of  the  outer  shell,  and  then  rupture  of  the  inner 
shell.  Inner  shell  rupture  occurred  at  model  loads  of 
up  to  750,000  lbs,  and  the  rock  intrusion  into  the  ship 
was  nearly  twice  the  double  hull  spacing.  The  results 
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are  proving  to  be  vital  in  validating  numerical  modeling 
tools  needed  to  develop  reliable  design  and  analysis 
methods.  In  addition,  efforts  are  already  underway  to 
develop  an  ADH  crash  worthiness  system  that  can 
minimize  or  eliminate  rupture  of  the  inner  shell  during 
the  high  energy  dissipation  that  occurs  during  a 
grounding. 
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For  a  class  of  multistable  systems,  deterministic  and 
stochastic  chaos  are  closely  related  mathematically;  a 
necessary  condition  for  the  occurrence  of  noise-in- 
duced chaos  with  sensitive  dependence  on  initial  con- 
ditions can  be  derived  from  the  generalized  Melnikov 
function.  Proof  that  this  condition  is  applicable  requires 
the  approximate  representation  of  the  noise  in  the  form 
of  a  modified  Shinozuka  process  or  other  uniformly 
continuous  and  uniformly  bounded  processes.  Additive 
and/or  multiplicative  Gaussian  noise  with  any  spectral 
density  can  be  accommodated,  as  can  other  types  of 
noises,  including  shot  noise  and  non-Gaussian  noise. 
We  review  recent  results,  including  a  successful 
verfication  of  our  Melnikov-based  approach  against  re- 
sults based  on  a  solution  of  the  Fokker-Planck  equa- 
tion. We  conclude  by  briefly  describing  ongoing  re- 
search. 
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Operator  Experience  with  a  Hierarchical  Real-Time 
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Keywords:  'Submarines,  'Real  time  control,  Automatic 
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The  issue  of  operator  interface  in  the  RCS  hierarchical 
control  systems  is  the  focus  of  this  report.  In  a  sub- 
marine automation  project,  the  authors  have  studied 
the  logical  structure  of  the  operator  interface  function 
and  the  way  it  should  be  integrated  to  existing  systems. 
A  design  issue  is  to  allow  operators  to  be  involved  in 
system  operations  at  in  different  degrees.  In  some  situ- 
ations, the  operators  are  requested  to  perform  certain 
manual  operations  and  report  the  status  back  to  the 
control  systems.  In  some  other  situations,  the  opera- 
tors are  required  to  make  some  decisions  for  the  con- 
trollers. At  different  control  levels,  operators  require  dif- 
ferent information.  A  system  developer  may  require 
total  different  types  of  information. 
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Valid  monitoring  and  assessment  of  metals  and 
metalloids  active  in  our  planetary  environment  is  now 
established  with  analytical  methodology  employing 
ultratrace  (microgram/L)  molecular  speciation  of  illus- 
trative organometallic  substances.  During  the  past  20 
years,  such  measurements  have  placed  into  realistic 
context  the  vital  interplay  betwen  abiotic  geochemical 
sources  and  man's  technological  effluents,  in  terms  of 
the  frequent  rate-deterring  and  extensive 
biogeorganometallic  chemistry  dictating  heavy  ele- 
ment transport  and  speciation,  especially  at  bioactive 
surface  microlayers  featuring  heightened 
bioprocessing  of  both  depositional  and  emissive  fluxes 
of  metals  and  metalloids.  The  report  places  its  over- 
view of  this  current  state  of  art  with  air-sea  measure- 
ment capability  for  monitoring  such  biogenic 
organometal(loid)s,  within  the  context  of  independently 
established  predictive  mimetic  aqueous  chemistry  of 
metals  and  metalloids,  with  implications  for  marine  bio- 
technology. 
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We  have  investigated  intermediates  and  products  in 
the  thermal  decomposition  of  RDX  vapor,  using  a  vari- 
ety of  experimental  microwave  techniques  previously 
employed  in  our  laboratory  in  studies  of  pyrolysis  de- 
composition of  organic  amines.  We  used  microwave 
spectroscopy  to  determine  the  chemical  composition 
of  the  decomposition  of  nitramines  by  pyrolysis  meth- 
ods and  identify  the  products  in  the  thermal  decompo- 
sition processes.  The  objective  was  to  determine  the 
validity  of  proposed  decomposition  mechanisms,  and 
to  identify  new  reaction  products  or  pathways,  jg  p.1. 
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The  textures  of  two  different  conical  shaped  liners,  fab- 
ricated by  the  same  forging  processes  from  arc-cast 
and  powder-sintered  ingots,  were  investigated  by 
using  neutron-diffraction  measurements  and  three-di- 
mensional orientation-distribution-function  (ODF)  anal- 
ysis. The  major  textures  of  both  liners  could  be  de- 
scribed by  the  (1 1 1)<uvw>  and  (100)<uvw>  type.  The 
two  liners  had  essentially  identical  texture  at  the  8  cm 
position  (measured  from  the  base  of  the  cone)  with 
strong  sheet-type  texture  components,  i.e.  (111)<(- 
1)01>,  (111)<(-1)10>  and  (100)<011>.  However,  the 
dominant  textures  at  the  3  cm  positions  were  <111> 
and  <100>  fiber  textures  with  the  fiber  axes  oriented 
parallel  to  the  normal  direction  in  both  liners.  A  strong 


cube  texture  was  observed  at  the  3  cm  position  of  the 
arc-cast  liner  but  it  was  not  observed  for  the  powder- 
sintered  liner.  The  arch-cast  liner  had  a  generally  high- 
er degree  of  texture  than  the  powder-sintered  liner. 
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The  effects  of  pressure  on  the  chemical  reactivity, 
phase  behavior  and  thermal  decomposition  of  ener- 
getic materials  can  be  studied  by  a  combination  of 
measurement  techniques  in  conjunction  with  a  high 
pressure  diamond  anvil  cell  and  the  ruby  fluorescence 
method  of  pressure  measurement.  These  techniques 
include:  (1)  optical  polarizing  microscopy  and  (2)  Fou- 
rier transform  infrared  (FTIR)  spectroscopy.  Recent  re- 
sults on  the  study  of  1,4-dinitrocubane  and  cubane  will 
be  presented. 
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The  crystallites  orientation  distributions  of  three  dif- 
ferent conical  molybdenum  shaped-charge  liners,  la- 
beled COO,  C20  and  C40,  fabricated  with  different  ther- 
mo-mechanical  treatment  processes,  were  inves- 
tigated by  using  neutron  diffraction  measurements  and 
three-dimensional  ODF  (orientation  distribution  func- 
tion) analysis.  Two  specimens  were  obtained  from 
each  liner,  one  from  25  mm  below  the  apex  and  the 
other  from  25  mm  above  the  liner  base.  Results  are 
discussed. 
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The  paper  describes  tests  that  were  conducted  to  de- 
termine the  most  important  parameters  for  measuring 
the  resistance  of  soft  body  armor  to  penetration  by 
edged  weapons.  Samples  consisting  of  multiple  layers 
of  polyaramid  fabric  were  tested  against  the  following 
variables:  blade,  geometry,  backing  material,  condi- 
tioning, impact  angle,  and  velocity.  Stab  and  slice  tests 
were  conducted.  Some  commercial  armors  were  also 
tested.  The  commercial  armors  were  constructed  of 
ultra-high  molecular  weight  polyethylene,  polyaramid 
fabric,  and  combinations  of  ultra-high  molecular  weight 
polyethylene,  polyaramid  fabric,  and  titanium.  Results 
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indicate  that  penetration  is  a  strong  function  of  blade 
geometry.  Backing  material,  conditioning,  and  impact 
angle  appeared  to  have  only  a  minimal  affect  upon  the 
results. 
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NIST  is  applying  their  Real-time  Control  System  (RCS) 
methodology  for  control  of  ground  vehicles  for  both  the 
U.S.  Army  Research  Lab,  as  part  of  the  DOD's  Un- 
manned Ground  Vehicles  program,  and  for  the  Depart- 
ment of  Transportation's  Intelligent  Vehicle/Highway 
Systems  (IVHS)  program.  The  actuated  vehicle,  a  mili- 
tary HMMWV,  has  motors  for  steering,  brake,  throttle, 
etc.  and  sensors  for  the  dashboard  gauges.  For  mili- 
tary operations,  the  vehicle  has  two  modes  of  oper- 
ation: a  teleoperation  mode-where  an  operator  re- 
motely controls  the  vehicle  over  an  RF  communica- 
tions network;  and  a  semi-autonomous  mode  called 
retro-traverse-where  the  control  system  uses  an  iner- 
tial  navigation  system  to  steer  the  vehicle  along  a 
prerecorded  path.  For  the  IVHS  work,  intelligent  vision 
processing  elements  replace  the  human  teleoperator 
to  achieve  autonomous,  visually  guided  road  following. 
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The  U.S.  Army  Laboratory  Command,  as  part  of  its  Ro- 
botics Initiative,  is  developing  a  testbed  for  coopera- 
tive, real-time  control  of  unmanned  land  vehicles.  The 
National  Institute  of  Standards  and  Technology  is  sup- 
porting this  program  by  developing  the  vehicle  control 
system  using  an  architecture  based  on  the  Real-time 
Control  System  (RCS).  RCS  is  a  hierarchical,  sensory- 
based  control  system,  initially  developed  for  the  control 
of  industrial  robots  and  automated  manufacturing  sys- 
tems. In  this  application,  RCS  controls  all  vehicle  mo- 
bility functions,  coordinates  the  operations  of  the  other 
subsystems  on  the  vehicle,  and  communicates  be- 
tween the  vehicle  and  the  remote  operator  control  sta- 
tion. The  paper  reviews  the  overall  control  system  ar- 
chitecture and  the  design  of  the  mobility  and  commu- 
nication functions. 


Underwater  Ordnance 


03,760 

PB95-1 82390       PC  A05/MF  A01 


National  Inst,  of  Standards  and  Technology  (EEEL), 
Boulder,  CO.  Electromagnetic  Fields  Div. 
Assessment  of  Data  by  a  Second-Order  Transfer 
Function. 

Technical  note. 

D.  G.  Camell,  and  M.  T.  Ma.  Oct  94,  78p,  NIST/TN- 
1372. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03303-1 .  See  also  PB95-161485. 

Keywords:  "Electromagnetic  interference,  "Torpedoes, 
Electromagnetic  pulses,  Convolution  integrals,  Contin- 
uous radiation,  Resonant  frequency,  Transfer  func- 
tions, Laplace  transformation,  Linear  systems,  Ap- 
proximation, Magnitude,  Phase,  GraphsfCharts),  Im- 
pulse response. 

A  newly  developed  theory  for  predicting  the  response 
of  a  linear  system  to  an  electromagnetic  pulse,  based 
only  on  the  measured  continuous-wave  magnitude,  is 
applied  to  the  problem  of  possible  electromagnetic 
interferences  at  a  sensitive  part  of  a  torpedo.  The 
measured  magnitude  representing  the  system's  trans- 
fer function  is  deduced  first  from  the  measured  re- 
sponse at  this  sensitive  point  to  a  known  cw  source, 
supplied  by  the  Naval  Surface  Warfare  Center.  We  de- 
rive an  analytic  expression  for  the  magnitude  square 
of  the  transfer  function  to  approximate  the  measured 
data  and  obtain  a  system  transfer  function  in  terms  of 
the  complex  frequency,  from  which  we  predict  the  sys- 
tem's cw  phase  characteristics  and  its  multiple  solu- 
tions due  to  a  given  impulse  source. 
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Bacteriorhodopsin  (bR)  thin  films  have  been  fabricated 
with  varying  amounts  of  the  detergent  Triton  X-100  to 
measure  the  effects  of  this  additive  on  the  holographic 
performance  of  these  thin  films.  Holographic  spectros- 
copy is  used  to  measure  the  effect  of  these  detergents 
on  the  overall  diffraction  efficiency  as  well  as  on  the 
phase  and  amplitude  components  of  the  overall  signal. 
The  diffracted  rise  and  decay  kinetics  of  these  mate- 
rials will  also  be  presented  as  a  function  of  varying  de- 
tergent concentration.  This  research  also  studied  the 
effect  of  this  additive  on  the  absorptive  properties  of 
bR-based  thin  films.  Comparison  of  the  two  com- 
plimentary sets  of  data  are  drawn. 
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This  paper  discusses  results  of  a  recent  attempt  to 
measure  aperture  distribution  of  a  small  active  steer- 
able  array  antenna  at  60  GHz  using  planar  near-field 
measurements  and  the  back  transform.  Using  a  proce- 
dure which  exercises  every  phase  shifter  without  steer- 
ing the  antenna  beam,  it  is  possible  to  isolate  problems 
with  individual  bits  in  the  phase  shifters.  From  calcula- 
tion of  the  aperture  fields  for  each  case  we  hope  to 
infer  the  individual  phase  shifter  bit  loss.  We  will  also 
discuss  problems  which  arose  in  the  measurement  be- 
cause of  the  short  wavelength  signal-to-noise  ratio  and 
small  number  of  elements. 
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We  have  used  de-mode  magnetic  force  microscopy  to 
image  the  magnetic  fringing  fields  of  several  thin-film 
heads  and  the  bit  patterns  written  with  these  heads. 
The  images  were  taken  with  Si3N4  tips  coated  with  10- 
nm  Fe  and  5-nm  Au.  The  heads  and  disks  are  typical 
industry  standards.  The  heads  had  a  variety  of  pole 
piece  configurations.  A  large  track  separation  was 
used  so  that  the  erase  bands  could  be  thoroughly  stud- 
ied. We  were  surprised  to  discover  magnetic  fields  that 
correspond  to  layers  in  the  alumina  overcoat  near  the 
pole  pieces.  The  magnetic  force  microscope  images 
of  the  bit  pattern  show  a  definite  twist  at  the  track  edge 
that  points  toward  the  trailing  pole  piece.  We  also  ob- 
served disk  magnetization  patterns  that  remained  after 
an  ac  erase  procedure. 
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Spectra  of  Hydrogen,  Deuterium,  Helium,  Lithium 
Beryllium,  Boron,  Carbon,  Nitrogen,  Oxygen,  and 
Fluorine. 

C.  E.  Moore.  15  Apr  48,  79p,  NBS-CIRCULAR-467. 

Keywords:  "Atomic  energy  levels,  "Atomic  spectra, 
Atomic  structure,  Energy  levels,  Spectra,  Optical  anal- 
ysis, Hydrogen,  Deuterium,  Helium,  Lithium,  Beryllium, 
Boron,  Carbon,  Nitrogen,  Oxygen,  Fluorine. 

No  abstract  available. 
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X-ray  Attenuation  Coefficients  from  10  Kev  to  100 
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G.  W.  Grodstein.  30  Apr  57,  58p,  NBS-CIRCULAR- 
583. 

Keywords:  "X  rays,  "Radiation  attenuation,  "Gamma 
rays,  Narrow  beams(Radiation),  Photoelectric  effect, 
Photons,  Interactions,  Attenuation  coefficients. 

A  tabulation  of  attenuation  coefficients  of  X-rays  and 
gamma  rays  from  0.01  to  100  Mev  for  29  materials  Is 
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presented.  A  summary  of  information  on  the  probability 
of  the  basic  interaction  processes  of  photons  with  mat- 
ter and  a  detailed  analysis  of  experimental  and  theo- 
retical evidence  are  included.  Present  information  on 
the  basic  processes  is  adequate  for  many  applications; 
however,  improved  theory  and  additional  experimental 
data  are  needed  in  certain  areas.  A  comparison  of  cal- 
culated and  experimental  coefficients  points  up  this 
need. 
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1948,  326p. 

Keywords:  "Optical  pyrometers,  "Measuring  instru- 
ments, "Standards,  Radiation  pyrometers,  High  tem- 
perature, Thermometers,  Melting  point. 
Thermoelectricity,  Resistance  thermometers,  Record- 
ing systems,  "Temperature  measurement,  Techno- 
logical papers. 

No  abstract  available. 
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Keywords:  "X-rays,  X-ray  scattering,  Photons,  Incoher- 
ent scattering,  Attenuation,  Coefficients,  Absorption, 
Tables(Data),  X-ray  absorption. 

No  abstract  available. 
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Keywords:  "X-ray  absorption  analysis,  X-ray  scatter- 
ing, Cross  sections,  Radiation  attenuation,  Gamma  ray 
absorption  coefficients,  Tables(Data),  Water,  Hydro- 
gen, Potassium,  Air,  X-ray  attenuation  coefficients. 

A  tabulation  of  attenuation  coefficients  of  X-rays  and 
gamma  rays  from  0.01  to  100  Mev  for  29  materials  is 
presented.  A  summary  of  information  on  the  probability 
of  the  basic  interaction  processes  of  photons  with  mat- 
ter and  a  detailed  analysis  of  experimental  and  theo- 
retical evidence  are  included.  Present  information  on 
the  basic  processes  is  adequate  for  many  applications; 
however,  improved  theory  and  additional  experimental 
data  are  needed  in  certain  areas.  A  comparison  of  cal- 
culated and  experimental  coefficients  points  up  this 
need.  (Author). 
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Bibliography  of  the  Physical  Equilibria  and  Related 
Properties  of  Some  Cryogenic  Systems. 

T.  M.  Flynn.  May  60,  130p,  NBS-TN-56. 

Keywords:  'Cryogenics,  Bibliographies,  Carbon  diox- 
ide, Carbon  monoxide,  Ethanes,  Helium,  Hydrogen, 
Methane,  Mixtures,  Nitrogen,  Propane,  Liquid  phases, 
Vapor  phases,  Physical  properties,  Pressure,  Volume, 
Temperature,  "Physical  equilibrium. 

A  bibliography  of  approximately  700  references  is  pre- 
sented on  the  physical  equilibria  and  related  properties 
of  several  important  cryogenic  systems.  The  systems 
considered  are  the  pure  components  and  mixtures  of: 
Hydrogen,  Helium,  Nitrogen,  Carbon  Dioxide.  Carbon 
Monoxide,  Methane,  Ethane,  and  Propane. 
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Precise  Measurement  of  Heat  of  Combustion  with 
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R.  S.  Jessup.  2  Sep  60,  28p. 
Contract  NBS-MONO-7 

Keywords:  "Heat  of  combustion,  "Calorimeters,  Meas- 
urement, Reprints,  Standards,  Liquids,  Hydrocarbons, 


Fuels,  Computations,  Organic  compounds,  Chemical 
compounds,  Solid  fuels,  Precision,  Water,  Combus- 
tion, Oxygen,  Pressure,  "Bomb  calorimeter,  Glass 
bulbs. 

No  abstract  available. 
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Penetration  and  Diffusion  of  Hard  X-rays  through 
Thick  Barriers.  III.  Studies  of  Spectral  Distribu- 
tions. 

P.  R.  Karr,  and  J.  C.  Lamkin.  15  Dec  49,  3p. 

Pub.  in  The  Physical  Review,  v76  n12  p1 843-1 845,  15 

Dec  49. 

Keywords:  "Gamma  rays,  "Spectral  energy  distribu- 
tion, "Compton  scattering,  Mathematical  models,  Re- 
prints, Thickness,  Penetration,  Barriers,  Photons,  Dif- 
fusion, Integral  equations,  Monochromatic  light,  La- 
place transformation,  Photon  beams,  Photoelectric 
effect(Gamma  rays),  Gamma  ray  spectra. 

Two  kinds  of  spectral  distributions  of  gamma-rays  are 
discussed.  These  are  spectra  found  in  an  infinite  me- 
dium with  an  uniformly  distributed  monochromatic 
source  and  equilibrium  spectra  obtained  in  an  artificial 
penetration  problem.  Curves  are  shown  for  various 
media  and  for  various  energies  of  the  source  photons. 
The  relations  of  these  spectra  to  the  general  problem 
of  gamma-ray  penetration  is  discussed.  (AN). 
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nite Medium. 

L.  V.  Spencer,  and  F.  Stinson.  15  Feb  52,  3p. 

Pub.  in  Tax  Physical  Review,  v85  n4  p662-664,  15  Feb 
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Keywords:  "X  ray  scattering,  "Diffusion,  Sources,  Com- 
putations, Spectra,  Polynomials,  Expansion,  Homo- 
geneity, Reprints. 

The  problem  of  x-ray  diffusion  in  an  infinite  homo- 
geneous medium  can  be  solved  numerically  by  a  meth- 
od of  expansion  into  suitable  polynomial  systems.  This 
method  has  already  been  applied  to  determine  the 
spectrum  of  scattered  radiation  as  a  function  of  dis- 
tance from  the  radiation  source  for  several  cases  of 
interest.  This  note  presents  further  numerical  applica- 
tions of  the  polynomial  method. 
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Infrared  and  Near-Infrared  Spectra  of  HCC  and 

DCC  Trapped  in  Solid  Neon. 

D.  Forney,  M.  E.  Jacox,  and  W.  E.  Thompson.  1995, 
38p,  ARO-30094.4-CH. 
Contract  ARO-MIPR-107-94 

Pub.  in  Jnl.  of  Molecular  Spectroscopy,  v170  p178- 
214,  1995. 

Keywords:  *Trapping(Charged  particles),  "Solids, 
"Near  infrared  radiation,  "Neon,  "Infrared  spectra,  Re- 
prints, Vibration,  Vapor  phases,  Spectra,  Shifting,  Iso- 
topes, Ground  state,  Absorption,  Energy  levels,  Low 
frequencies,  Chemical  shifts. 

Spectra  have  been  recorded  from  700  to  12  000/cm 
for  HCC  and  DCC  trapped  in  solid  neon.  In  this  region, 
which  includes  not  only  the  ground-state  absorptions 
but  also  all  of  the  absorptions  of  appreciable  intensity 
in  the  highly  perturbed  A  (2)pi  state,  all  of  the  matrix 
shifts  are  to  lower  frequencies,  and  none  of  them  ex- 
ceeds 30  /cm.  The  X(OnO)  and  X(On1)  progressions 
of  HCC,  recently  reported  in  the  photoelectron  spec- 
trum of  HCC-,  also  appear  in  the  infrared  spectrum. 
The  spectra  of  the  singly  and  doubly  carbon-13  sub- 
stituted species  of  HCC  and  of  doubly  carbon-13  sub- 
stituted DCC  are  presented.  Except  in  a  few  regions 
of  very  strong  mixing  of  energy  levels  of  the  X  and  A 
states,  correlations  of  the  HCC  and  DCC  bands  with 
their  carbon-13  substitution  counterparts  are  possible, 
and  the  resulting  isotopic  shift  data  are  useful  in  as- 
signing the  vibronic  spectra.  Assignments  are  pro- 
posed for  a  considerable  number  of  HCC  and  DCC 
bands.  These  assignments  are  aided  by  the  carbon- 
13  shift  data,  by  the  results  of  recent  ab  initio  calcula- 
tions, and,  where  they  are  available,  by  the  upper-state 
symmetries  of  bands  observed  in  the  gas  phase. 
Absorptions  of  C2,  C2-,  C4,  HC4,  HCCO,  and  C2H3 
isolated  in  a  neon  matrix  are  also  identified,  jg. 
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Keywords:  "Spectroscopy,  "Combustion, 
"Decomposition,  "Nitramines,  Water,  Solids,  Short 
range(Time),  Spectra,  Responses,  Diagnostic  tech- 
niques, Free  radicals,  Neon,  Infrared  spectra, 
Nitromethane,  Photodecomposition,  Molecular  ions. 

The  infrared  spectra  of  reaction  intermediates  trapped 
in  solid  neon  were  studied  in  order  to  support  the  de- 
velopment of  diagnostics  for  short-lived  species  which 
are  reaction  carriers  in  nitramine  decomposition  and 
combustion  and  to  derive  information  about  reactions 
which  are  important  in  the  condensed-phase  decom- 
position of  nitramines.  Nitromethane  and 
monomethylnitramine  were  used  as  model  compounds 
in  these  studies.  Evidence  was  obtained  for  the  forma- 
tion of  water  complexes  with  both  of  these  species. 
The  results  support  the  water-catalyzed  decomposition 
mechanism  for  nitramines  that  was  proposed  by 
Melius.  Studies  of  the  photodecomposition  of 
isotopically  substituted  monomethylnitramine  dem- 
onstrate that  four  different  groups  of  products  are 
formed.  Tentative  spectral  assignments  are  made  for 
the  aci-isomer  of  monomethylnitramine  and  for 
CH3NHONO.  The  final  photodecomposition  products 
are  CH4,  NO,  CH30H,  and  N20.  Other  studies  have 
provided  evidence  for  the  formation  of  a  weakly  bond- 
ed complex  of  H2  with  H20,  as  well  as  spectral  data 
for  the  HCC  free  radical  and  for  the  H20+,  N02+,  NO(2- 
),  and  NO(3-),  molecular  ions. 
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R.  B.  Goldfarb,  and  R.  L.  Spomer.  1989,  9p,  CONF- 

890701-32. 
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International  cryogenic  materials  conference,  Los  An- 
geles, CA  (United  States),  24-28  Jul  1989.  Sponsored 
by  Department  of  Energy,  Washington,  DC. 

Keywords:  "Niobium  Alloys,  "Superconducting  Super 
Collider,  "Superconducting  Wires,  "Titanium  Alloys, 
Evaluation,  Magnetic  Flux,  Magnetic  Properties,  Mag- 
netization, Superconducting  Magnets,  EDB/430300. 

In  synchrotron  accelerator  applications,  such  as  the 
Superconducting  Super  Collider  (SSC), 
superconducting  magnets  are  cycled  in  magnetic  field. 
Desirable  properties  of  the  magnets  include  field  uni- 
formity, field  stability  with  time,  small  residual  field,  and 
fairly  small  energy  losses  upon  cycling.  This  paper  dis- 
cusses potential  sources  of  problems  in  achieving 
these  goals,  describes  important  magnetic  characteris- 
tics to  be  considered,  and  reviews  measurement  tech- 
niques for  magnetic  evaluation  of  candidate  SSC 
wires.  Instrumentation  that  might  be  practical  for  use 
in  a  wire-fabrication  environment  is  described.  The  au- 
thors report  on  magnetic  measurements  of  prototype 
SSC  wires  and  cables  and  speculate  on  causes  for  in- 
stability in  multipole  fields  of  dipole  magnets  con- 
structed with  such  cables. 
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This  report  discusses  progress  made  during  the  cur- 
rent contract  period  on  the  authors  research  program 
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to  study  collisions  between  spin-polarized  electrons 
and  optically  prepared  atoms.  The  objective  of  this 
work  is  to  stimulate  a  deeper  theoretical  understanding 
of  the  electron-atom  interaction  by  providing  more 
complete  experimental  measurements  on  colliding 
systems.  By  preparing  the  internal  states  of  the  colli- 
sion partners  before  scattering,  they  are  able  to  extract 
substantially  more  information  about  the  scattering 
process  than  is  available  from  more  conventional 
measurements  of  differential  cross  sections.  The  au- 
thors are  principally  interested  in  observing  the  role 
played  by  spin  in  low  energy  electron-atom  collisions. 
The  additional  information  provided  by  these  spin-de- 
pendent measurements  can  greatly  enhance  under- 
standing of  both  exchange  and  the  spin-orbit  inter- 
action in  the  scattering  process.  They  have  made  sub- 
stantial progress  in  the  past  three  years  in  their  meas- 
urements both  of  elastic  and  superelastic  scattering  of 
spin-polarized  electrons  from  optically  pumped  so- 
dium. 
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100,  Elastic  Scattering,  Polarized  Beams,  Progress 
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This  report  discusses  progress  made  during  the  cur- 
rent contract  period  on  the  authors  research  program 
to  study  collisions  between  spin-polarized  electrons 
and  spin-polarized  atoms.  The  objective  of  this  work 
is  to  stimulate  a  deeper  theoretical  understanding  of 
the  electron-atom  interaction  by  providing  the  most 
complete  possible  experimental  characterization  of  the 
colliding  system.  Through  the  use  of  optical  state  prep- 
aration techniques  to  prepare  both  the  incident  elec- 
trons and  atom  in  well-defined  initial  states,  the  authors 
are  able  to  extract  substantially  more  information  about 
the  scattering  process  than  is  available  from  more  con- 
ventional measurements  of  differential  scattering  cross 
sections.  Their  primary  interest  is  to  study  in  detail  the 
role  played  by  spin  in  electron-atom  collisions  at  low 
to  intermediate  energies.  The  additional  information 
provided  by  these  spin-dependent  measurements 
greatly  enhances  understanding  of  both  exchange  and 
the  spin-orbit  interaction  in  the  scattering  process.  Dur- 
ing this  three-year  period  they  have  made  substantial 
progress  in  measurements  of  both  elastic  and 
superelastic  scattering  of  spin-polarized  electrons  from 
optically  pumped  sodium.  The  elastic  scattering  meas- 
urements in  particular  were  made  possible  by  several 
important  improvements  to  the  experimental  appara- 
tus. 
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This  paper  outlines  an  experimental  plan  to  test  the 
thermohydraulic  concept  of  the  proposed  Oak  Ridge 
National  Laboratory  Cold  Neutron  Moderator.  The 
goals,  approach,  description  of  the  experimental  appa- 
ratus, and  proposed  budget  and  duration  are  pre- 
sented. 


03,779 

N95-32323/4  (Order  as  N95-32319,  PC  A20/MF 
A04) 


National  Inst,  of  Standards  and  Technology,  Boulder, 
CO. 

Implementation  of  a  Standard  Format  for  GPS 
Common  View  Data. 

M.  A.  Weiss,  and  C.  Thomas.  May  95,  14p. 
In  NASA.  Goddard  Space  Flight  Center,  the  26TH  An- 
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and  Planning  Meeting  p  75-88. 

Keywords:  'Data  processing,  'Global  positioning  sys- 
tem, 'Standardization,  'Time  signals,  Receivers,  Time 
measurement. 

A  new  format  for  standardizing  common  view  time 
transfer  data,  recommended  by  the  Consultative  Com- 
mittee for  the  Definition  of  the  Second,  is  being  imple- 
mented in  receivers  commonly  used  for  contributing 
data  for  the  generation  of  International  Atomic  Time. 
We  discuss  three  aspects  of  this  new  format  that  po- 
tentially improve  GPS  common-view  time  transfer:  (1) 
the  standard  specifies  the  method  for  treating  short 
term  data,  (2)  it  presents  data  in  consistent  formats  in- 
cluding needed  terms  not  previously  available,  and  (3) 
the  standard  includes  a  header  of  parameters  impor- 
tant for  the  GPS  common-view  process.  In  coordina- 
tion with  the  release  of  firmware  conforming  to  this  new 
format  the  Bureau  International  des  Poids  et  Mesures 
will  release  future  international  track  schedules  con- 
sistent with  the  new  standard. 
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Interferometrically-measured  wavelengths  of  109  lines 
of  neutral  Kr(84)  are  compared  with  those  of  Kr(86). 
Sixty  energy  levels  of  neutral  Kr(84)  derived  from  those 
wavelengths  and  25  Kr(86)-Kr(84)  isotope  shifts  pre- 
viously measured  are  given  along  with  their  shifts  from 
the  energy  levels  of  Kr(86).  Twenty  levels  of  each  of 
Kr(82),  Kr(80),  and  Kr(78)  are  also  evaluated  using  iso- 
tope-shift information  in  the  literature.  The  differences 
between  the  experimentally  observed  shifts  and  the 
normal  mass  shift  leave  large  negative  residuals  which 
are  accounted  for  by  ionization  energy  differences  and 
by  the  specific  mass  shift.  It  appears  that  the  volume 
effect  causes  only  a  very  small,  if  any,  energy  level 
shift. 
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Mass  Unit  Disseminated  to  Surrogated  Labora- 
tories Using  the  NIST  Portable  Mass  Calibration 
Package. 

R.  M.  Schoonover,  J.  E.  Taylor,  and  J.  Rothleder. 
Feb  94,  18p,  NISTIR-5290. 
See  also  PB89-1 32336. 
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plications, Uncertainty,  Balances,  Buoyancy,  'Mass 
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Over  a  ten-year  period,  three  mass  calibration  pack- 
ages were  circulated  to  selected  laboratories  by  the 
Mass  Group  at  NIST.  Initially  the  objective  was  to  de- 
termine if  the  NIST  mass  calibration  service  could  be 
disseminated  to  qualified  users  via  a  'do-it-yourself 
package.  However,  it  became  obvious  that  the  tech- 
nique could  be  very  useful  in  the  training  of  personnel 
and  the  examination  of  laboratories.  The  first  package 
of  1 -kilogram  artifacts  was  circulated  to  see  what  prob- 
lems might  arise  in  their  calibration.  The  second  pack- 
age was  designed  to  overcome  the  difficulties  encoun- 
tered and  to  ensure  the  quality  of  the  next  package. 
The  third  and  final  package  incorporates  improve- 
ments and  demonstrates  the  method  with  the  calibra- 
tion of  the  California  State  primary  mass  standards 
from  1  kg  to  1  mg.  This  report  looks  briefly  at  the  entire 
project  experience  with  comments  about  the  pitfalls 
and  benefits  of  calibrations  by  surrogate  laboratories 
and  other  likely  uses  of  the  method. 
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The  uncertainties  of  thermocouple  calibrations  per- 
formed at  the  National  Institute  of  Standards  and  Tech- 
nology are  described  in  this  report,  and  they  are  ex- 
pressed in  a  manner  consistent  with  the  newly-adopted 
NIST  standard  for  the  expression  of  uncertainties.  The 
adoption  of  the  International  Temperature  Scale  of 
1990  (ITS-90)  has  resulted  in  alterations  in  data  analy- 
sis techniques  that  affect  the  uncertainties,  and  these 
are  described  also. 
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Also  pub.  as  Maryland  Univ.,  College  Park.  Dept.  of 
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PB93-1 89421.  Sponsored  by  National  Inst,  of  Stand- 
ards and  Technology  (BFRL),  Gaithersburg,  MD. 

Keywords:  'Fire  suppression,  'Evaporative  cooling, 
'Spray  cooling,  'Cooling,  'Surfaces,  Computerized 
simulation,  Thermal  conductivity,  Temperature  dis- 
tribution, Computer  programs,  Solid  fuels,  Transients, 
Aluminum,  Conduction,  Water,  'Droplet-solid  inter- 
actions, Macor. 

The  long  term  objective  of  the  study  of  droplet-solid 
interaction  is  to  obtain  information  applicable  to  the  ex- 
tinguishment of  fire  through  a  droplet  array  (e.g.  spray). 
The  solids  of  concern  include  low  thermal  conductivity 
materials,  typical  of  fire  applications.  The  research  de- 
scribed hereafter  constitutes  portion  of  an  extensive  re- 
search program  aimed  at  developing  accurate  droplet 
cooling  models  of  burning  solid  fuel  surfaces.  This  re- 
search is  only  concerned  with  the  evaporation  of  single 
droplets  on  a  hot  surface.  Limited  experiments  are  also 
performed  in  the  nucleate  boiling  range.  This  report 
consists  of  three  different  portions;  each  portion  fo- 
cuses on  an  independent  issue  of  the  research  pro- 
gram. In  Part  A  the  major  progresses  in  the  numerical 
simulation  of  a  single  droplet  evaporation  are  de- 
scribed. In  Part  B  the  experimental  program  conducted 
with  radiant  heat  input  for  single  droplets  evaporating 
on  Macor  is  described.  In  Part  C  a  novel  model  is  pre- 
sented, which  extends  the  single  droplet  results  to  a 
multi-droplet  system. 

03,784 

PB94-1 63037       PC  A03/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Examination  of  Parameters  That  Can  Cause  Error 
in  Mass  Determinations. 

R.  M.  Schoonover,  and  F.  E.  Jones.  Feb  94,  14p, 
NISTIR-5376. 

Keywords:  Weight  measurement,  Error  analysis,  Stain- 
less steels,  Platinum,  Iridium,  Silicon,  Buoyancy,  Un- 
certainty, Metrology,  Comparison,  Calibration,  'Mass 
standards,  Kilogram. 

The  parameters  that  can  cause  error  in  mass  deter- 
minations are  examined  and  estimates  of  the  mag- 
nitude of  consequent  errors  are  given.  We  examine  the 
possible  errors  in  the  embodiment  of  the  kilogram  in 
the  platinum-iridium  (Pt-lr)  artifact.  We  trace  the  propa- 
gation of  errors  from  the  Pt-lr  artifact  to  the  system  of 
stainless  steel  artifacts  through  mass  comparison.  We 
examine  in  detail  such  parameters  as  buoyancy  cor- 
rections, including  uncertainties  in  measurement  of  en- 
vironmental variables. 
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Electronic  Balance  and  Some  Gravimetric  Applica- 
tions. (The  Density  of  Solids  and  Liquids, 
Pycnometry  and  Mass). 

R.  M.  Schoonover,  M.  S.  Hwang,  J.  Taylor,  and  C. 
Smith.  C1993,  26p,  NISTIR-5375. 
See  also  PB91-112854.  Prepared  in  cooperation  with 
Industrial  Technology  Research  Inst.,  Hsinchu  (Tai- 
wan). Center  for  Measurement  Standards,  and  Alu- 
minum Co.  of  America,  Alcoa  Center,  PA.  Alcoa  Tech- 
nical Center. 

Keywords:  "Density  measurement,  Pycnometers,  Cali- 
bration, Gravimetry,  Liquids,  Solids,  Water,  Air,  Silicon, 
Algorithms,  'Electronic  balances,  Hydrostatic  weigh- 
ing, Pycnometry. 

In  recent  years  the  electronic  force  balance  has  been 
perfected  to  a  degree  that  it  can  replace  the  mechani- 
cal balance  in  both  precision  and  capacity.  Hence,  the 
mechanical  balance  is  rapidly  disappearing  from  the 
scene.  The  work  reported  here  describes  the  use  of 
the  electronic  balance  in  some  high  precision 
gravimetric  applications.  The  balance  has  been  exam- 
ined from  the  user's  viewpoint  and  its  use  is  illustrated 
in  measuring  solid  and  liquid  densities  and  mass.  The 
density  assigned  to  a  silicon  crystal  is  in  good  agree- 
ment with  its  accepted  value  to  within  2.4  ppm.  Like- 
wise, the  water  density  measurements  substantiate 
Kell's  equation  for  the  density  of  water  near  23  degrees 
Celsius.  (Copyright  (c)  ISA,  1993.) 
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The  lifting  force  of  a  fluid  upon  an  immersed  body  was 
analyzed  and  reported  by  Archimedes  in  the  third  cen- 
tury B.C.  In  these  modern  times  many  people  em- 
ployed in  metrology  find  it  difficult  to  grasp  the  concept 
of  buoyancy  as  it  applies  to  mass  measurement.  Anti- 
quated techniques  in  use  today  propagate  ignorance 
of  the  concept.  The  modern  electronic  balance  makes 
possible  a  simple,  educational  two-balance  experiment 
that  provides  the  observer  with  a  clear  picture  of  the 
buoyant  force  and  Newton's  third  law.  The  experiment, 
when  performed  carefully,  yields  an  excellent  volume 
determination  of  the  demonstration  mass  and  brings 
together  the  SI  units  of  mass,  length  and  temperature 
and  the  derived  units  of  force,  pressure  and  density. 
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Industrial  Technology  Research  Inst.,  Hsinchu  (Tai- 
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The  usual  method  of  a  mass  assignment  to  an  artifact 
is  by  comparing  the  forces  exerted  on  a  balance  pan. 
The  observed  difference  between  the  standard  mass 
and  the  unknown  object  is  then  expressed  as  the  solu- 
tion of  the  two  force  equations  and  includes  terms  for 
their  respective  displacement  volumes,  i.e,  densities. 
With  the  advent  of  commercially  available  balances 
with  precision  near  the  1  part  per  billion  level  (ppb), 
the  user  must  pay  particular  attention  to  the  artifact 
density  and  its  associated  error  if  the  available  preci- 
sion is  to  be  meaningful.  Described  here  is  the  need 
and  a  method  to  determine  the  artifact  density  with  an 
error  analysis  that  leads  to  the  selection  of  the  appro- 
priate equipment.  Measurements  of  a  200  g  silicon 
crystal  of  known  density  were  performed  to  dem- 
onstrate the  accuracy  of  the  method. 
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The  authors  propose  a  new  way  of  defining  the  Serret- 
Andoyer  variables  that  does  not  call  on  spherical  trigo- 
nometry. The  authors  use  those  variables  to  present 
a  complete  solution  of  the  Euler-Poinsot  problem  in  the 
phase  space  determined  by  the  components  of  the  an- 
gular momentum  along  the  principal  axes  of  inertia. 
The  authors  use  the  solution  to  convert  directly  the 
Serret-Andoyer  variables  into  action-  and  angle-vari- 
ables, thereby  making  the  Hamiltonian  dependent  on 
only  two  momenta. 
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The  paper  describes  a  calculation  of  the  electron 
screening  effect  on  the  self  energy  in  an  external  Cou- 
lomb field,  and  gives  preliminary  results.  The  calcula- 
tion is  done  to  first  order  in  the  perturbing  potential  and 
to  all  orders  in  the  strong  Coulomb  field. 
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A  critical  review  and  tabulation  of  the  available  experi- 
mental data  on  Stark  widths  and  shifts  for  spectral  lines 
of  non-hydrogenic  neutral  atoms  and  positive  ions  has 
been  carried  out.  The  review  covers  the  period  from 
1983  through  the  end  of  1988  and  represents  a  con- 
tinuation of  earlier  critical  reviews  through  the  year 
1982. 
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Work  has  been  performed  at  NIST  to  develop  and  cali- 
brate large-area  (238)Pu  alpha-particle  sources  and 
related  measuring  equipment.  A  large-area-source  X- 
ray  counting  system  and  a  2pi(alpha)  internal  gas-pro- 
portional counting  system  were  used  for  the  primary 
calibration  of  these  sources.  Studies  have  been  per- 
formed to  relate  these  calibrations  to  the  measurement 
of  thin,  large  area  (239)Pu  sources,  which  are  of  pri- 
mary interest  but  are  generally  unavailable  in  the  nec- 
essary high  specific  activities  required.  Two  systems 
have  been  characterized  for  the  monitoring  and  meas- 
urement of  large-area  alpha  sources:  (1)  a  source-de- 


tector mounting  unit  developed  at  NIST  to  calibrate 
monitoring  systems  by  mounting  a  standard  source  of 
plutonium  at  an  accurately  calibrated  distance  from  the 
user's  alpha-monitoring  detector;  (2)  a  diffused-junc- 
tion  silicon  semiconductor  detector  which  is  used  as 
a  transfer  standard  from  low  to  high  activity  of  large- 
area  alpha-particle  sources.  A  determination  of  the  L 
X-ray  emission  probability  for  (239)Pu  has  been  made. 
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This  is  a  brief  summary  of  the  1 0th  meeting  of  the  Con- 
sultative Committee  on  Units  (CCU)  of  the  International 
Committee  of  Weights  and  Measures  (CIPM)  held  10- 
11  July  1990  at  the  International  Bureau  of  Weights 
and  Measures  (BIPM).  The  topics  covered  at  the  meet- 
ing included  revisions  to  the  5th  edition  of  the  brochure 
'International  System  of  Units  (SI)'  published  by  the 
BIPM,  the  symbol  for  the  liter,  and  new  SI  prefixes  for 
10(sup  -21),  10(sup  21),  10(sup  -24),  and  10(sup  -24). 
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A  resonance  ionization  spectroscopy  data  service  has 
been  established  at  the  National  Institute  of  Standards 
and  Technology.  It  publishes  formatted  data  sheets 
which  provide  the  atomic  and  laser  physics  information 
to  apply  RIS/RIMS  to  a  given  element.  A  first  group 
of  ten  data  sheets  has  been  published.  It  covers  As, 
B,  Cd,  C,  Ge,  Au,  Fe,  Pb,  Si,  and  Zn.  A  second  group 
has  been  submitted  for  publication.  It  covers  Al,  Ca, 
Cs,  Cr,  Co,  Cu,  Kr,  Mg,  Hg,  and  Ni.  More  will  be  pro- 
duced in  the  future. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  has  developed  a  radiance  temperature  meas- 
urement technique  using  absolute  optical  detectors  for 
measuring  the  freezing  temperature  of  gold  with  a 
3(sigma)  uncertainty  of  +  or  -  0.34  K  (K.  D.  Mielenz, 
R.  D.  Saunders,  and  J.  B.  Shumaker,  J.  Res.  Natl.  Inst. 
Stand.  Technol.  95,  49  (1990)).  The  significance  of  this 
approach  is  discussed  for  the  measurement  of  the  radi- 
ance temperature  of  sources  in  the  range  of  1000  K 
to  3000  K,  and  a  comparison  of  the  current  method, 
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complete  with  uncertainty  estimates,  is  presented.  The 
proposed  experimental  apparatus  is  described,  and 
progress  to  date  is  reported. 
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The  paper  briefly  reviews  the  history  of  the  fine-struc- 
ture constant  alpha  and  discusses  its  relationship  to 
other  fundamental  constants  and  quantities  of  physics, 
including  the  Josephson  and  von  Klitzing  constants.the 
gyromagnetic  ratio  of  the  proton,  and  the  electron  mag- 
netic moment  anomaly.  It  summarizes  and  compares 
the  values  of  alpha  presently  available  having  an  un- 
certainty of  2  parts  in  10(sup  7)  or  less,  and  briefly  dis- 
cusses the  experiments  from  which  they  are  obtained 
and  their  major  sources  of  uncertainty.  A  list  of  useful 
references  is  given. 
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This  report  summarizes  research  projects,  measure- 
ment method  development,  calibration  and  testing,  and 
data  evaluation  activities  that  were  carried  out  during 
calendar  year  1993  in  the  NIST  Physics  Laboratory. 
These  activities  fall  in  the  areas  of  electron  and  optical 
physics,  atomic  physics,  molecular  physics,  radio- 
metric physics,  quantum  metrology,  ionizing  radiation, 
time  and  frequency,  quantum  physics,  and  fundamen- 
tal constants. 
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In  order  to  test  the  validity  of  the  LS-coupling  approxi- 
mation for  light  elements,  the  line-intensity  ratios  of  the 
3s-3p  and  3p-3d  multiplets  in  C  II  through  F  V  and  C 
II  through  Ne  VI,  respectively,  have  been  investigated 
experimentally  with  emission  sources.  Also,  calcula- 
tions with  multiconfiguration  Dirac-Fock  wave  functions 
have  been  performed.  Within  the  errors  of  the  experi- 
mental procedure,  no  significant  violations  of  the  LS- 
coupling  approximation  were  found  for  the  lines  of  the 
3s-3p  and  3p-3d  multiplets  in  C  II  through  F  V.  How- 
ever, in  the  case  of  Ne  VI,  small  deviations  of  meas- 
ured intensities  from  those  obtained  by  applying  the 
LS-coupling  approximation  were  observed. 
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The  authors  have  applied  the  modified  Airy  function 
(MAF)  method  to  the  analysis  of  an  anharmonic  oscilla- 
tor, characterized  by  the  potential  V(x)  =  k(x  squared)/ 
2  +  alpha(x  (sup  4)),  k  >  0,  alpha  >  0.  The  MAF  method 
gives  an  accurate  closed-form  expression  for  the  wave 
function  as  well  as  very  accurate  eigenvalues  with 
much  less  numerical  effort  than  the  five-term  (eighth- 
order)  WKBJ  approximation.  The  application  of  the 
first-order  perturbation  correction  to  the  MAF 
eigenvalues  makes  them  even  more  accurate  than 
those  obtained  by  the  five-term  WKBJ  approximation. 
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For  the  first  time,  evidence  for  strong  back-scattering 
of  electrons  during  near  threshold  excitation  of  highly 
charged  ions  has  been  observed.  By  measuring  the 
apparent  cross  section  for  the  electron-impact  exci- 
tation of  Ar(7+)(3s->3p)  as  a  function  of  center-of-mass 
velocity,  over  90%  of  the  inelastically  scattered  elec- 
trons were  found  to  be  deflected  by  more  than  90  de- 
grees in  the  center-of-mass  frame.  This  unusual  angu- 
lar scattering  has  not  been  previously  observed  for 
atoms  or  ions,  but  may  be  typical  for  multiply  charged 
ions.  Our  observation  of  backscattering  has  been  con- 
firmed recently  by  close-coupling  calculations  and  dis- 
torted-wave calculations.  Absolute  total  excitation 
cross  sections  measured  in  an  energy  range  extending 
to  2.2  eV  above  threshold  are  also  reported  and  are 
in  agreement  with  close-coupling  calculations. 
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An  international  intercomparison  of  internal  propor- 
tional gas  counting  of  (85)Kr  and  (3)H  has  been  carried 
out  under  the  auspices  of  EUROMET,  a  European  Col- 
laboration in  Measurement  Standards.  A  sample  of 
(85)Kr  mixed  with  inactive  krypton  gas  was  measured 
at  three  laboratories  and  a  sample  of  (3)H  mixed  with 
nitrogen  gas  was  measured  at  four  laboratories.  In 
each  case,  agreement  was  achieved  within  the  stated 
uncertainties.  The  experimental  techniques  employed 
at  each  of  the  participating  laboratories  are  described 
and  a  statement  of  the  results  and  conclusions  is  pro- 
vided. 
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We  report  direct  measurements  of  the  ac  Stark  shifts 
of  Xe  Rydberg  levels  in  high-intensity  laser  fields  (up 
to  6  GW/sq  cm),  demonstrating  the  expected  near- 
ponderomotive  behavior.  These  measurements  pro- 
vide extensive  unambiguous  evidence  for  the  validity 
of  perturbative  calculations  of  the  nonresonant  ac 
Stark  shift  at  these  intensities. 
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Neutron-induced  fission  of  (236)U  has  been  measured 
at  the  Los  Alamos  Neutron  Scattering  Center  with  a 
white  neutron  source  using  a  fast  parallel  plate  ioniza- 
tion chamber  at  a  flight  path  of  about  56  m.  In  the  reso- 
nance and  the  intermediate  resonance  region,  very  lit- 
tle of  the  previously  reported  structure  was  detected. 
Only  five  resonance  structures  were  observed.  Addi- 
tionally, the  width  of  the  5.45  eV  resonance  is  approxi- 
mately 100  times  smaller  than  previously  reported.  An 
explanation  for  the  discrepancies  between  old  data 
and  data  reported  here  is  discussed.  New  fission 
widths  for  resonances  from  5.45  eV  to  10.4  keV  are 
reported.  The  new  data  are  in  agreement  with  theoreti- 
cal estimates. 
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The  object  of  the  paper  is  to  show  how  to  make  highly 
accurate  mass  measurements  using  an  appropriate 
electronic  balance  without  the  use  of  external  mass 
standards.  The  method  eliminates  the  need  for  a  set 
of  external  mass  standards  and,  therefore,  the  need 
to  have  these  mass  standards  calibrated  periodically 
at  a  standards  laboratory.  Traceability  to  NIST  can  be 
achieved  by  periodic  calibration  of  the  built-in  mass 
standard  of  the  balance  by  a  standards  laboratory  and 
by  self-verification  of  balance  linearity  and  function. 
The  method  benefits  the  user  with  lower  cost  and  a 
higher  measurement  rate.  Presented  here  is  a  detailed 
analysis  of  the  method,  a  determination  of  measure- 
ment uncertainty,  and  the  traceability  path.  Lastly,  the 
method  is  illustrated  by  specific  examples  including  the 
calculation  of  uncertainty. 
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A  bibliography  is  presented  of  papers  reporting  abso- 
lute measurements  of  photon  (XUV,  x-ray,  gamma-ray, 
bremsstrahlung)  total  interaction  cross  sections  or  at- 
tenuation coefficients  for  the  elements  and  some  com- 
pounds. The  energy  range  covered  is  from  10  eV  to 
above  10  GeV.  These  papers  are  part  of  the  reference 
collection  of  the  National  Institute  of  Standards  and 
Technology  Photon  and  Charged  Particle  Data  Center. 
They  cover  the  period  from  1 907  through  1 993  and  into 
1994.  Thus  this  report  is  an  update  of  the  1986  earlier 
report  NBSIR  86-3461  (PB87-116141).  and  also  in- 
cludes additional  papers  dating  back  as  far  as  1966 
which  have  since  been  found  or  brought  to  the  atten- 
tion of  the  author.  Included  with  each  reference  are  an- 
notations specifying  the  energy  range  covered  and  the 
substances  studied.  This  updated  bibliography  now  in- 
cludes 573  non-duplicative  references  to  available 
measured  data,  plus  42  references  to  critical  evalua- 
tions and  review  articles. 
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The  laminar,  single  phase  heat  transfer  and  friction 
characteristics  of  an  integral-spine-fin  pipe  within  an 
annulus  are  presented.  The  heat-transfer  coefficient 
was  determined  using  a  modified  version  of  the  Wilson 
Plot  method.  The  test  fluid  was  pumped  through  the 
annulus  of  a  straight,  3m  test  section.  Three  fluids  were 
investigated:  (1)  tap  water,  (2)  34%  ethylene  glycol/ 
water  mixture,  and  (3)  40%  ethylene  glycol/water  mix- 
ture. These  fluids  produced  a  significant  variation  in  the 
Prandtl  number  so  that  its  exponential  dependence 
could  be  determined.  The  annulus-Reynolds  numbers 
were  varied  from  100  to  1400  to  obtain  the  Reynolds 
number  exponent.  An  empirical  correlation  for  the 
Nusselt  number  was  developed  which  accounts  for  the 
development  of  the  thermal  boundary  layer.  An  empiri- 
cal correlation  for  the  friction  factor  is  also  presented. 
It  is  demonstrated  that  the  spines  enhance  the  heat 
transfer  through  additional  surface  area  and  fluid  mix- 
ing. 


03,806 

PB94-1 98587       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Characteristics  of  Light  Emission  After  Low-En- 
ergy Electron  Impact  Excitation  of  Caesium  Atoms. 
Final  rept. 

K.  Bartschat,  U.  Thumm,  and  D.  W.  Norcross.  1992, 
6p. 

Contract  DE-A105-86ER53237 
Pub.  in  Jnl.  of  Physics  B:  Atomic  and  Molecular  Opt. 
Physics  25,  pL641-L646  1992.  Sponsored  by  Depart- 
ment of  Energy,  Washington,  DC.  Office  of  Energy  Re- 
search. 

Keywords:  "Electron-atom  collisions,  "Polarized  light, 
"Cesium,  EV  range  1-10,  Electron  scattering,  Electron 
impact,  Atomic  excitations,  Excited  states,  R  matrix, 
Reprints. 

Results  of  a  recent  calculation  for  e-Cs  scattering,  car- 
ried out  in  a  fully  relativistic  (Dirac  R-matrix)  frame- 
work, are  used  to  calculate  the  polarization  of  the  light 
emitted  by  excited  cesium  atoms  in  an  energy  range 
from  threshold  to  2.7  eV.  They  are  compared  with  pre- 
vious semirelativistic  Breit-Pauli  calculations  and  the 
available  experimental  data.  The  results  indicate  that 
the  Percival-Seaton  theory  approximating  relativistic 
scattering  amplitudes  by  recoupling  amplitudes  from  a 
non-relativistic  LS  calculation  is  not  valid  for  low-en- 
ergy e-Cs  scattering. 
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In  the  leveled-wave  model,  random  porous 
morphologies  are  simulated  by  discrete  maps  of  con- 
tinuous stochastic  standing  waves  generated  by  add- 
ing sinusoids  over  suitable  distributions  of  wave  vec- 
tors and  phase  constants.  The  mathematical  structures 
obtained  this  way  appear  to  be  useful  models  for  cer- 
tain kinds  of  random  geometries,  such  as  the 
bicontinuous  morphologies  that  occur  in 
microemulsions  and  porous  glasses.  Properties  of  the 
leveled-wave  method  are  developed,  and  the  scatter- 
ing behavior  is  derived.  Scattering  from  an  arbitrary 
three-phase  system  can  be  analyzed  by  adding  dif- 
ferent instances  of  scattering  from  a  generalized  film 
morphology  in  which  the  scattering  phase  is  confined 
to  the  interior  of  the  interspatial  region  bounded  by  two 
leveled-wave  interfaces  that  are  separated  every- 
where. General  results  for  this  interspace  scattering 
are  derived.  Fractal  surfaces,  dimension  2  =  or  <  D  = 
or  <  3,  are  incorporated  into  the  leveled-wave  scheme 
by  using  a  wave-number  distribution  having  an  appro- 
priate long-tailed  asymptotic  behavior.  Scenarios  are 
discussed  for  the  scattering  as  D  ->  2  from  above  and 
for  D  ->  3  from  below.  For  D  =  3  the  asymptotic  scatter- 
ing falls  faster  than  algebraically  as  the  scattering  wave 
vector  Q  ->  infinity. 
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Contributions  of  one-loop  ladder  and  crossed-ladder 
graphs  to  the  ground-state  energy  of  heliumlike  ions 
are  calculated  in  Furry  representation  QED.  With  the 
aid  of  a  contour  rotation,  the  graphs  are  evaluated  to 
all  orders  in  Z(alpha)  in  the  range  Z  =  10-110.  Particu- 
lar attention  is  given  to  the  relation  of  this  work  to  re- 
cent many-body  perturbation  theory  and  configuration- 
interaction  calculations. 
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Atomic  ions  which  are  stored  in  electromagnetic  traps 
can  be  viewed  as  one  component  plasmas.  When  the 
ions  are  laser  cooled  they  become  strongly  coupled 
(gamma  >  100)  and  exhibit  liquid-like  and  solid-like  be- 
havior. Experimental  evidence  for  this  behavior  is  dis- 
cussed for  nonneutral  (9)Be(1+)  ion  plasmas  stored  in 
a  Penning  ion  trap. 
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The  authors  report  the  temperature  dependence  of  the 
gamma-ray  anisotropics  from  oriented  (160)Tb  nuclei 
produced  by  neutron  activation  of  the  central  portion 
of  a  high-purity  single  crystal  Tb  slab.  The  magnetically 
saturated  sample  was  studied  over  a  wide  temperature 
range  from  18  mK  to  150  mK.  The  temperatures  were 
determined  using  precision  resistance  thermometry 
with  in  situ  calibration  by  a  magnetically  shielded  six- 
element  superconducting  fixed  point  device.  Tempera- 
ture stability  during  data  acquisition  was  better  than 
0.1%,  and  least-squares  fitting  of  the  resulting  tem- 
perature dependences  of  0  deg  and  90  deg 
anisotropies  allowed  both  the  magnetic  dipole  and  the 
electric  quadrupole  hyperfine  interaction  frequencies  to 
be  determined  with  good  accuracy.  The  weighted  aver- 
ages for  1 8  gamma  rays  are  nu(M)  =  1 393.8  (8. 1 )  MHz 
and  nu(P)  =  178.0  (2.1)  MHz,  in  excellent  agreement 
with  NMR  results  on  ion-implemented  samples. 
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Measurements  of  collision-induced  emission  in  the  fun- 
damental vibration-rotation  band  of  hydrogen  are  pre- 
sented for  argon,  xenon,  and  neon  collision  partners. 
These  absolute,  spectrally-resolved  infrared  measure- 
ments were  performed  at  high  densities  behind  re- 
flected shock  waves  over  the  temperature  range  of  900 
to  3,400  K.  The  emission  was  found  to  be  dominated 
by  Q  branch  transitions  at  high  temperature  due  pri- 
marily to  the  dipole  moment  induced  by  the  overlap  be- 
tween the  electron  clouds  of  the  collision  pair.  The 
strength  of  this  interaction  was  evaluated  from  the  data 
and  compared  with  similar  evaluations  determined 
from  low  temperature  absorption  studies. 
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Recently  developed  'slowly  divergent'  space  marching 
difference  schemes,  coupled  with  Tikhonov  regulariza- 
tion,  can  solve  the  one-dimensional  inverse  heat  con- 
duction problem  at  values  of  the  nondimensional  time 
step  (Delta)t(+)  as  low  as  (Delta)t(+)  =  0.0003.  A  Lax- 
Richtmyer  analysis  is  used  to  demonstrate  dramatic 
differences  in  error  amplification  behavior  among  var- 
ious space  marching  algorithms,  for  the  same  problem, 
on  the  same  mesh;  maximum  error  amplification  fac- 
tors may  differ  by  more  than  10  orders  of  magnitude 
at  parameter  values  that  are  of  interest  in  rocket  nozzle 
applications.  Slowly  divergent  schemes  are  character- 
ized by  their  damping  behavior  at  high  frequencies.  A 
widely  used  benchmark  problem,  where  the  surface 
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temperature  gradient  is  a  step  function,  provides  a 
basis  for  evaluating  Tikhonov-regularized  marching 
computations. 
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Topics  covered  include:  highlights  of  the  evaluation 
process  for  the  ENDF/B-VI  standards  evaluation;  rela- 
tion of  the  standards  to  reactor  physics;  highlights  of 
work  done  on  standards  since  the  completion  of  the 
standards  evaluation. 


03,814 

PB94-1 99585       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (PL), 

Gaithersburg,  MD.  Atomic  Physics  Div. 

Isotope  Shifts  and  Hyperfine  Splittings  of  the 

398.8-nm  Yb  I  Line. 

Final  rept. 

K.  Deilamian,  J.  D.  Gillaspy,  and  D.  E.  Kelleher. 
1993,  5p. 

Pub.  in  Jnl.  of  the  Optical  Society  of  America  B  10,  n5 
P789-793  May  93. 
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Ytterbium  174,  Photon  burst  spectroscopy. 

We  report  the  first  observation  to  our  knowledge  of  the 
6s(2)  Singlet  S(0)  -  6s6p  singlet  P(sub  1 ,  sup  0)  transi- 
tion (398.8  nm)  of  (168)Yb.  The  relative  position  of  this 
spectral  line  was  directly  determined  by  using  a  laser 
sideband  technique  to  simultaneously  probe  pairs  of 
lines.  The  hyperfine  structure  of  (171)Yb  and  the  iso- 
tope shifts  of  (170)Yb,  and  (171)Yb,  and  (174)Yb  were 
determined  to  an  accuracy  of  better  than  6  MHz  and 
found  to  differ  by  as  much  as  23  MHz  from  previous 
results.  By  using  photon-burst  spectroscopy  to  carry 
out  these  measurements,  we  obtained  subnatural 
linewidths  and  fully  resolved  the  (170)Yb  and  (171)Yb 
lines,  which  otherwise  overlap  in  fluorescence. 
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Some  predominantly  experimental  considerations  con- 
cerning both  few  electron  highly  charged  ion  spectra 
and  inner-shell  vacancy  spectra  are  discussed  in  rela- 
tion to  the  currently  available  theoretical  approaches. 
For  the  cases  of  H-like  and  He-like  spectra,  theoretical 
machinery  appears  to  be  well  in  hand  particularly  in 
comparison  to  the  relatively  sparse  experimental 
database  which  is  also  of  limited  accuracy  in  most 
cases.  Owing  particularly  to  some  impressive  recent 
theoretical  progress  on  the  problem  of  nearly  neutral 
ions  containing  inner-shell  vacancies,  the  traditional  X- 
ray  data  suitably  filtered  and  strengthened  by  modern 
measurements,  appear  to  offer  some  quite  useful  in- 
sights in  spite  of  their  formidable  complexity.  With  the 
advent  of  new  storage  ring  facilities  and  advanced 
technology  ion  sources  as  well  as  a  new  effort  on 
transuranic  X-ray  spectra,  one  can  reasonably  foresee 
an  upcoming  period  of  fruitful  activity. 
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"Polarized  light,  Reprints,  Linear  polarization,  EV 
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esis, Close  coupling  approximation. 

Recent  two-state  and  five-state  close-coupling  calcula- 
tions for  positron-alkali  scattering  are  used  to  predict 
the  linear  polarization  of  the  resonance  line  (np)  double 
P(0)  ->  (ns)  double  S  emitted  by  the  alkali  atoms  Li, 
Na,  K  and  Rb  after  positron  impact  excitation.  The  colli- 
sion energies  considered  range  from  threshold  (about 
2  eV)  to  40  eV.  The  results  are  interpreted  in  terms 
of  elementary  collision  theory,  including  depolarization 
of  the  line  radiation  through  fine-  and  hyperfine-struc- 
ture  effects.  Given  the  size  of  the  polarizations  pre- 
dicted and  the  recent  developments  in  positron  phys- 
ics, an  experimental  test  of  our  results  should  be  pos- 
sible. This  should  provide  an  independent  test  of  the 
theoretical  model,  in  addition  to  the  cross  sections  con- 
sidered so  far. 
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The  availability  of  an  accurate  value  for  tau(n)  has  im- 
portant implications  for  tests  of  the  standard  V  -  A  the- 
ory of  semi-leptonic  weak  processes,  cosmology,  and 
astrophysics.  The  lack  of  agreement  between  values 
of  g(A)/g(V)  derived  from  recent  lifetime  measure- 
ments and  values  obtained  from  recent  beta-decay 
asymmetry  experiments  hints  at  a  problem  with  the 
current  theoretical  framework.  In  this  neutron  beam 
measurement,  the  lifetime  is  determined  by  counting 
decay  protons  stored  in  a  Penning  trap  whose  mag- 
netic axis  coincides  with  the  neutron  beam  axis.  The 
recent  result,  tau(r)  =  893.5  +  or  -  5.3s,  is  based  upon 
data  accumulated  during  one  reactor  cycle  at  the 
Institut  Laue-Langevin  in  Grenoble,  France.  In  the  next 
two  years  a  final  accuracy  approaching  1s  will  be 
sought. 
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Absolute  cross  sections  for  electron-impact  ionization 
of  Cl(1+)  have  been  measured  from  threshold  to  200 
eV  with  the  use  of  the  crossed-beams  technique.  The 
cross  section  shows  a  peak  value  of  12.8  x  10(sup  -17) 
sq  cm  at  about  70  eV.  Results  are  compared  to  the 
semiempirical  prediction  formula  of  Lotz,  with  scaled 
cross  sections  for  ions  in  the  same  isoelectronic  se- 
quence, and  with  other  recent  measurements.  Expan- 
sion coefficients  and  formulas  for  generating  ionization 
rate  coefficients  in  the  electron  temperature  range  10 
thousand  =  or  <  T  =  or  <  10  million  K  are  presented. 
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A  large  number  of  neutron  measurement  comparisons 
has  been  out  under  the  sponsorship  of  Section  III 
(Neutron  Measurements)  of  the  Consultative  Commit- 
tee for  Measurement  Standards  of  Ionizing  Radiations 
(CCEMRI)  since  Section  III  became  active  in  1961. 
These  have  included  a  series  of  comparisons  of  radio- 
nuclide neutron  source  emission  rate,  neutron  fluence, 
and  neutron  dose  measurements  with  the  participation 
of  laboratories  worldwide.  The  paper  discusses  these 
comparisons  and  what  has  been  learned  from  them. 
Future  plans  of  Section  III  and  neutron  measurement 
services  available  from  BIPM  to  national  laboratories 
are  also  given. 
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Tables  for  form  factors  and  anomalous  dispersion  are 
of  wide  general  use  in  the  UV,  X-ray  and  gamme-ray 
communities,  and  have  existed  for  a  considerable  pe- 
riod of  time.  The  generality  of  these  works  has  entailed 
numerous  simplifications  compared  to  detailed  rel- 
ativistic  S-matrix  calculations.  However,  the  latter  cal- 
culations do  not  appear  to  give  convenient  tabular  ap- 
plication for  the  range  of  Z  and  energy  of  general  inter- 
est, whereas  the  former  tables  have  large  regions  of 
limited  validity  throughout  the  range  of  Z  and  energies, 
and  in  particular  have  limitations  with  regard  to  ex- 
trapolation to  energies  outside  tabulated  ranges.  Inter- 
mediate theoretical  and  procedural  assumptions  limit 
the  precision  and  applicability  of  available  tabulations 
and  procedures.  The  paper  identifies  regions  of  Z  and 
energy  where  these  assumptions  fail  and  the  improve- 
ment which  can  be  achieved  by  their  avoidance,  both 
in  tabulated  ranges  and  by  extrapolation.  Particular 
concern  involves  the  application  of  the  dispersion  rela- 
tion to  derive  Re(f)  from  photoelectric  absorption  cross- 
sections.  Revised  formulae  can  lead  to  significant  qual- 
itative and  quantitative  improvement,  particularly 
above  30-60  keV  energies,  near  absorption  edges,  or 
at  30-3000  eV  energies. 
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Formulations  for  specular  optical  density  as  a  function 
of  incident  x-ray  intensity  are  shown  to  be  inadequate, 
theoretically  and  compared  with  available  data.  Ap- 
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proximations  assuming  low  intensities,  grain  densities, 
or  energies  yield  significant  error  in  typical  emulsions. 
Unjustifiable  simplifications  limit  analysis  and  con- 
sequent results.  The  avoidance  of  assumptions  leads 
to  models  for  rough  and  smooth  emulsion  surfaces, 
which  correspond  to  Kodak  101-01  and  DEF-392 
emulsion  types.  The  self-consistent  use  of  spherical 
grains  yields  scaling  that  is  dependent  on  emulsion 
roughness.  The  authors  obtained  improvement  over 
standard  formulations,  avoiding  the  empirical  character 
of  earlier  models  and  associated  parameterization. 
The  correlation  of  grain  locations  and  occluded  emul- 
sion area  is  approximated  within  monolayer  depths  but 
neglected  between  layers.  Effects  of  the  incident  angle 
from  a  broad  source,  scattering  and  photoelectrons  are 
considered.  The  models  presented  herein  apply  to  the 
vacuum  UV  and  x-ray  energies  from  9eV  to  20  keV 
and  may  be  preferred  over  alternative  models  at  lower 
energies,  densities  greater  than  unity,  emulsions  with 
high  grain  fractions,  or  where  interpolation  over  energy 
ranges  is  desired. 
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In  the  paper  models  from  the  first  paper  are  general- 
ized so  that  they  include  the  correlation  of  attenuation 
coefficients  and  coverages  with  emulsion  depth.  They 
avoid  further  assumptions  and  can  provide  physically 
meaningful  parameters  (as  opposed  to  earlier  studies); 
thus  closer  agreement  with  experimental  measure- 
ments is  obtained.  The  difficulty  in  estimating  cor- 
related overlap  functions  is  discussed.  Error  estimates 
resulting  from  grain  statistics  are  generalized  and  com- 
puted in  a  self-consistent  manner.  Contributions  to 
granularity  from  densitometer  and  grain  statistics  have 
been  shown  to  be  significant  or  dominant  in  most  emul- 
sion types.  The  formulation  derives  reliable  error  esti- 
mates. Correlated  models  are  important  for  thick  emul- 
sions such  as  DEF-392,  whereas  integral  formalisms 
may  be  as  useful  for  thin  emulsions.  In  agreement  with 
the  first  paper,  reciprocity  failure  appears  to  be  neg- 
ligible for  UV  or  x-ray  energies  above  9eV. 
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In  the  paper  models  for  the  relation  of  specular  density 
to  incident  (x-ray)  intensity  with  uncertainties  are  ap- 
plied to  experimental  data,  indicating  methods  for  the 
correction  of  additional  effects.  Linearization  and  error 
calculations  are  simplified  by  double  linear  interpola- 
tion, and  the  effect  of  this  is  quantified.  Relative  first- 
order  intensities  are  determined  directly.  Secondary 
linearization  or  calculation  for  higher-order  lines  gives 
correction  factors  that  yield  absolute  and  relative  high- 
er-order intensity  ratios.  The  effects  of  energy  and 
angle  on  linearization  are  included.  Densitometry  un- 
certainty is  estimated  and  quantified. 

03,824 

PB94-200334       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CAML), 

Gaithersburg,  MD.  Statistical  Engineering  Div. 


Analysis  of  Scattering  Asymmetry  Statistics  When 
Background  Corrected  Counts  Are  Negative. 

Final  rept. 

K.  J.  Coakley.  1993,  4p. 

Pub.  in  Review  of  Scientific  Instruments  64,  n7  p1895- 
1898  Jul  93. 

Keywords:  'Signal  processing,  Reprints,  Background 
noise,  Confidence  limits,  Polarized  beams,  Scattering, 
Uncertainty,  Asymmetry,  Correction,  Estimates, 
Poisson  processes,  Bootstrap  technique. 

An  asymmetry  statistic  of  physical  interest  is  an  esti- 
mate of  the  ratio  of  the  difference  and  the  sum  of  the 
Poisson  rate  parameters  for  two  scattering  processes. 
Typically,  an  additive  background  signal  contributes  to 
measurements  of  each  signal.  Background  is  meas- 
ured in  a  third  experiment.  Data  are  corrected  by  sub- 
tracting measured  background.  When  the  measured 
background  is  larger  than  one  of  the  other  measure- 
ments, background-correlated  counts  are  negative. 
For  this  case,  it  would  seem  that  no  useful  information 
can  be  extracted  from  the  experiment.  Here,  asym- 
metry and  an  associated  uncertainty  interval  are  esti- 
mated for  such  cases  using  a  bootstrap  approach. 
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In  many  scattering  experiments,  the  quantity  of  most 
direct  physical  interest  is  a  measure  of  the  difference 
between  two  closely  related  scattering  signals,  each 
generated  by  a  Poisson  scattering  process.  The  dif- 
ference is  often  expressed  in  terms  of  an  asymmetry 
statistic,  that  is,  the  difference  normalized  to  the  sum 
of  the  two  signals,  corrected  for  an  additive  back- 
ground contribution.  Typically,  a  propagation  of  errors 
approach  is  used  to  compute  confidence  intervals  for 
asymmetry.  However,  these  confidence  intervals  are 
not  reliable  in  general.  In  this  work,  generally  accurate 
confidence  intervals  for  asymmetry  are  obtained  using 
a  parametric  bootstrap  approach.  Based  on  the  ob- 
served data,  data  are  simulated  using  a  Monte  Carlo 
resampling  scheme.  The  resampled  data  sets  satisfy 
a  constraint  that  ensures  that  background-corrected 
count  rates  are  not  negative. 
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Transmission  and  absorption  properties  of  helical 
multidisk  neutron  velocity  selectors  can  be  calculated 
using  the  method  of  acceptance  diagrams.  In  this  ap- 
proach, neutron  trajectories  are  characterized  by  a 
transverse  spatial  coordinate  and  by  a  coordinate  that 
is  linearly  related  to  wavelength  and  angle  relative  to 
the  selector  axis.  It  is  then  possible  to  classify  neutron 
trajectories  according  to  the  number  of  absorbing  sec- 
tors that  they  cross  within  the  sector.  In  this  way  the 
authors  can  determine  the  extent  to  which  a  given  se- 
lector is  successful  in  eliminating  neutrons  that  get 
through  the  selector  other  than  via  one  of  the  intended 
helical  channels.  The  authors  describe  the  design  al- 
gorithm for  selectors  such  as  those  in  use  at  the  Na- 
tional Institute  of  Standards  and  Technology,  and  the 
authors  discuss  the  properties  of  a  selector  built  ac- 
cording to  this  algorithm.  The  authors  also  consider 
what  happens  when  the  direction  of  the  neutron  beam 
is  reversed.  The  problem  of  optimizing  the  design  of 
a  multidisk  velocity  selector  is  briefly  discussed. 
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Vertically  curved  monochromator  crystals  are  com- 
monly used  to  increase  the  intensity  in  thermal  neutron 
scattering  applications.  Such  devices  are  found  on 
spectrometers  installed  both  at  nonreflecting  beam 
tubes  and  at  totally  reflecting  guide  tubes.  The  authors 
present  an  analysis  of  the  performance  of  vertically 
curved  monochromators  located  at  instruments  of  both 
types.  The  acceptance  diagram  approach  gives  con- 
siderable insight  into  the  behavior  of  vertically  curved 
monochromators.  The  analysis  can  be  extended  to 
more  complicated  systems,  which  closely  represent 
what  is  acutally  found  at  a  neutron  scattering  installa- 
tion. 
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An  acceptance  diagram  is  a  convenient  and  instructive 
way  to  represent  spatial/angular  neutron  distributions 
within  a  neutron  scattering  instrument.  In  complicated 
systems,  ray-tracing  is  used  to  calculate  acceptance 
diagrams  whereas  in  simple  systems  an  analytical  ap- 
proach is  appropriate.  In  the  latter  case,  the  action  of 
a  device  such  as  a  collimator  or  reflecting  guide  cor- 
responds to  one  or  more  rather  simple  operations  on 
the  entrance  acceptance  diagram.  Acceptance  dia- 
grams can  also  be  used  to  investigate  the  behavior  of 
devices  such  as  focusing  monochromators  and  veloc- 
ity selectors. 
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The  alumina-based  (188)W-(188)Re  generator  from 
ORNL  can  be  eluted  with  saline  to  provide  the  (188)Re 
daughter  as  a  short-lived  high-energy  beta-particle 
emitter  which  shows  great  promise  for  radiolabelling 
therapeutic  radiopharmaceuticals.  In  this  work,  key  pa- 
rameters in  the  decay  scheme  of  the  (188)Re  have 
been  measured,  and  standard  methods  for  quantitating 
the  eluent  have  been  developed.  Rhenium-188  has 
been  standardized  for  activity  by  the  CIEMAT/NIST 
method  of  4(pi)(beta)  liquid-scintillation  efficiency  trac- 
ing with  tritium,  with  an  uncertainty  (equivalent  to  one 
standard  deviation)  of  0.3%.  Half-life  measurements 
with  a  pressurized  ionization  chamber  gave  a  T(1/2) 
=  17.01  +  or  -  0.01  hours.  Photon  emission  rates  were 
measured  with  semi-conductor  detectors,  and  the 
probability  of  emission  of  the  principal  gamma  ray  at 
155  keV  was  found  to  be  P(gamma)  =  0.1588  +  or  - 
0.0011. 
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Rhenium-186  has  been  standardized  for  activity  by  the 
CIEMAT/NIST  method  of  4(pi)(beta)  liquid-scintillation 
efficiency  tracing  with  tritium,  with  an  uncertainty 
(equivalent  to  1  SD)  of  1.61%.  Half-life  measurements 
with  pressurized  ionization  chamber  give  a  Tau(1/2)  = 
89.25  +  or  -  0.07  h.  Photon  emission  rates  were  meas- 
ured with  semiconductor  detectors,  and  the  probability 
of  emission  of  the  principal  gamme-ray  at  137  keV  was 
found  to  be  P(gamma)  =  0.0945  +  or  -  0.001 6. 
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A  variational  principle  for  continuum  states  is  given 
which  permits  numerical  solution  by  the  Ritz  method. 
It  allows  to  maximize  the  accuracy  of  the  solution  in 
pre-selected  regions  of  space,  and  also  allows  the  se- 
lection of  that  solution  from  the  perhaps  infinitely  de- 
generate solution  set  which  is  needed  in  the  particular 
application. 
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A  comprehensive,  inherently  many-body,  reaction  the- 
ory for  an  accurate  calculation  of  the  intrinsic  sticking 
fraction  for  (dt(mj))  fusion  is  outlined.  The  non- 
pertubative  treatment  of  the  long-range  Coulomb  force 
and  its  interference  with  the  short  range  nuclear  force 
is  emphasized. 
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An  accurate  calculation  of  the  intrinsic  sticking  fraction 
for  (dt(mu))  fusion  requires  the  development  of  a  com- 
prehensive, non-perturbative,  inherently  many-body, 
reaction  theory.  The  authors  identify  and  discuss  the 
key  problems  underlying  their  construction  of  this  the- 
ory. 
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The  laboratory  integral  cross  section  under  crossed- 
beam  conditions  is  examined  for  collisions  between  a 
structured  and  an  unstructured  species,  where  the  ori- 
entation (or  alignment)  of  the  initial  and  final  states  is 
determined  with  respect  to  arbitrarily  configured  lab- 
oratory axes.  Three  parameters  are  necessary  to  char- 
acterize the  mutual  orientation  of  the  relevant  axes  in 
this  case  and  these  parameters  then  also  characterize 
the  cross  section.  The  laboratory  cross  section  is  ex- 
panded in  terms  of  a  more  fundamental  (angle-inde- 
pendent) set  of  cross  sections  as  determined  in  the  so- 
called  collision  frame,  where  projections  of  the  struc- 
tured species  are  taken  with  respect  to  the  direction 
of  the  initial  relative  velocity  vector.  Drawing  upon  a 
number  of  symmetry  relations,  we  count  the  numbers 
of  fundamental  cross  sections  for  arbitrary  initial  and 
final  angular  momenta.  Then  we  consider  the  explicit 
dependence  on  angular  parameters  which  can  be  an- 
ticipated for  the  laboratory  cross  section.  Finally,  we 
raise  a  number  of  experimental  considerations  in  at- 
tempting to  determine  the  fundamental  cross  sections. 
These  considerations  are  'fleshed  out'  by  applying  our 
cross-section  analysis  to  a  recent  three-vector  correla- 
tion experiment  involving  collisions  between  Ca  and 
He. 
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The  National  Institute  of  Standards  and  Technology  is 
developing  an  optically-pumped,  cesium-beam  primary 
frequency  standard.  The  design  follows  from  an  analy- 
sis of  systematic  errors  found  in  cesium  beam  stand- 
ards. The  details  of  the  design,  performance  of  major 
sub-systems,  and  preliminary  tests  of  the  standard  are 
presented. 

03,836 

PB94-211158       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Early  Dielectronic  Recombination  Measurements: 
Singly  Charged  Ions. 
Final  rept. 

G.  H.  Dunn.  1992,  17p. 

Contract  DE-A105-86ER53237 

Sponsored  by  Department  of  Energy,  Washington,  DC. 

Office  of  Energy  Research. 

Pub.  in  Recombination  of  Atomic  Ions,  p1 15-131  1992. 

Keywords:  "Dielectronic  recombination,  "Atomic  ions, 
Electric  fields.  Cross  sections,  Magnesium  ions,  Cal- 
cium ions,  Carbon  ions,  Autoionization,  Measurement, 
Reviews,  Reprints. 

Dielectronic  recombination  (DR)  cross  sections  meas- 
urements on  singly  charged  ions  are  reviewed,  includ- 
ing a  perspective  on  events  leading  to  the  exciting 
breakthroughs  that  occurred  in  1982-83  for  the  study 
of  this  process.  The  DR  mechanism  is  discussed  along 
with  the  effect  of  electric  fields  on  the  process.  The 
measurements  on  Mg  ions  in  variable  fields  and  the 
measurements  of  the  effects  of  fields  on  the  inverse 
process  of  autoionization  are  cited  as  the  definitive  ex- 
perimental work  on  the  field  effects  on  DR.  The  quite 
spectacular  disagreements  between  theory  and  exper- 
iment for  DR  cross  section  in  C  and  Ca  ions  remain 
a  perplexing  mystery. 
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Fine-structure  intervals  np(sub  1/2)-np(sub  3/2) 
(np(sub  1/2)  is  the  ground  state)  are  calculated  for  neg- 
ative ions  using  relativistic  many-body  perturbation 
theory:  Ca(1-)  4p,  56/cm;  Sr(1-)  5p,  178/cm;  Ba(1-)  6p, 
about  460/cm;  and  Ra(1-)  7p,  1,341/cm.  Comparison 
of  the  fine-structure  interval  with  affinity:  Ca(1-)  10%, 
Sr(1-)  22%,  Ba(1-)  30%;  for  Ra(1-)  the  fine-structure 
interval  is  larger  than  the  affinity.  Thus  the  Ra(1  -)  (sup 
7)p(sub  3/2)  state  is  a  resonance  in  the  continuous 
spectrum  with  energy  0.018  eV.  This  means  that  the 
relativistic  spin-orbit  interaction  plays  a  determining 
role  in  slow  electron-radium  scattering. 
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Using  Monte  Carlo  calculations,  we  show  that  the 
transmission  of  scattered  neutrons  or  gamma  rays 
from  a  point  source,  through  a  plane  slab  of  infinite  ex- 
tent, to  a  point  detector,  depends  on  the  orientation  of 
the  slab  but  varies  very  little  with  the  slab  position.  This 
statement  is  also  true  for  reflected  radiation  if  the 
source  is  replaced  by  its  image  source  and  the  results 
are  interpreted  in  terms  of  a  transmission  problem.  We 
also  show  that  the  transition  from  a  slab  of  small  extent 
(narrow  beam  conditions)  to  a  slab  of  infinite  extent 
(broad  beam  conditions)  can  be  characterized  by  a 
simple  function  of  the  single  scatter  angle.  This  func- 
tion, too,  can  be  applied  to  reflected  radiation  by  invok- 
ing the  image  source.  Typical  results  are  presented  for 
polyethylene. 


03  839 

PB94-211406       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (NML), 
Gaithersburg,  MD.  Ionizing  Radiation  Div. 
Anomalous  Odd-  to  Even-Mass  Isotope  Ratios  in 
Resonance  Ionization  with  Broad-Band  Lasers. 
Final  rept. 

W.  M.  Fairbank,  M.  T.  Spaar,  J.  E.  Parks,  and  J.  M. 

R.  Hutchinson.  1989,  4p. 

Contract  DE-AI-05-86-ER-60447 

Sponsored  by  Department  of  Energy,  Washington,  DC. 

Pub.  in  Physical  Review  A  40,  n4  p21 95-21 98,  15  Aug 

89. 

Keywords:  "Molybdenum,  "Tin,  Laser  radiation,  Iso- 
tope ratio,  Fractionation,  Anomalies,  Reprints,  Reso- 
nance ionization. 

The  response  of  even-  and  odd-mass  isotopes  is  found 
to  be  very  different  in  several  schemes  for  resonance 
ionization  of  Mo  and  Sn,  even  when  the  laser  linewidth 
is  greater  than  the  span  of  the  hyperfine  structure  and 
isotope  shifts. 
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Though  historically,  the  solar  system  has  been  the 
principal  area  for  testing  theories  of  gravitation,  we 
seem  to  be  at  the  end  of  the  golden  age  of  solar-sys- 
tem tests  (Reasenberg  (1987)).  The  classical  effects 
have  now  been  measured  within  the  limits  of  today's 
technology  and  further  significant  improvements  can- 
not be  expected  in  the  near  term.  Future  space-based 
experiments  such  as  GPB,  Gravity  Probe  B;  LAGOS, 
Laser  Gravitational-wave  Observatory  in  Space;  and 
POINTS,  the  (proposed)  Astrometric  Optical  Inter- 
ferometer, await  further  technological  as  well  as  engi- 
neering developments  and  logistic  (launch)  support  to 
deliver  them  to  the  laboratory  of  space.  Recent  years 
have  seen,  however,  ground-based  gravitational  ex- 
perimentation undergo  a  resurgence,  driven  by  new 
experimental  capabilities  and  by  new  theoretical  work. 


03,841 

PB94-211505       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (NML), 
Gaithersburg,  MD.  Radiometric  Physics  Div. 
Photoionization  of  Small  Molecules  Using  Syn- 
chrotron Radiation. 
Final  rept. 

T.  A.  Ferrett,  and  A.  C.  Parr.  1988,  4p. 
Pub.  in  Proceedings  of  Society  of  Photo-Optical  Instru- 
mentation Engineers  -  X-ray  and  Vacuum  Ultraviolet 
Interaction  Data  Bases,  Calculations,  and  Measure- 
ments, Los  Angeles,  CA.,  January  14-15,  1988,  v911 
p19-22. 

Keywords:  "Carbon  monoxide,  'Carbon  dioxide, 
'Photoionization,  EV  range  10-100,  Vibrational  states, 
Synchrotron  radiation,  Angular  distribution,  High  reso- 
lution, Molecular  dynamics,  Molecular  ions, 
Autoionization,  Reprints. 

We  report  here  new  high-resolution  vibrationally  re- 
solved studies  of  photoionization  in  the  molecules  CO 
and  C02  using  synchrotron  radiation  in  the  photon-en- 
ergy range  10-30  eV.  The  detailed  decay  dynamics  of 
autoionizing  resonances  in  CO  and  the  origin  of  sym- 
metry-forbidden vibrational  transitions  in  the  (C  bar) 
state  of  C02(1+)  are  discussed.  These  examples  illus- 
trate the  need  for  experimental  work  with  both  high  op- 
tical resolution  and  electron  resolution  sufficient  to  re- 
solve the  complex  resonances  in  molecules  and  the 
vibrational  dependence  of  molecular  dynamics. 
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All  recent  determinations  of  the  atomic  transition  prob- 
abilities for  the  prominent  Ar  I  4s-4p  lines  in  the  red 
part  of  the  visible  spectrum  have  been  carried  out  sep- 
arately from  other  determinations  of  the  equally  promi- 
nent 4s-5p  lines  in  the  blue  part  of  the  spectrum.  A 
cross-connection  of  these  data  is  thus  desirable  to  es- 
tablish their  mutual  consistency.  We  have  measured 
several  transition  probability  ratios  for  4s-4p  to  4s-5p 
transitions  and  find  very  close  consistency. 
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The  ion  broadening  parameters  of  several  argon  and 
carbon  spectral  lines  are  determined  by  fitting  asym- 
metric theoretical  profiles  to  spectral  line  profiles  ob- 
tained in  a  wall-stabilized  arc. 
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This  article  defines  the  condition  of  high  temperature, 
its  measurement,  and  its  significance  to  physics  and 
interdisciplinary  areas  of  materials  and  chemical 
sciences. 
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The  Drell-Hearn-Gerasimov  sum  rule  is  derived  and 
discussed.  The  much  earlier  work  of  Karliner  is  pointed 
out. 
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The  conflict  between  the  polarizabilities  of  the  nucleon 
derived  from  the  total  photon  absorption  cross  section 
and  the  photon  scattering  cross  section  is  discussed. 
The  electric  and  magnetic  dipole  cross  sections  for  the 
proton  and  neutron  are  illustrated.  Expressions  for  the 
photon  scattering  cross  sections  for  the  proton  and 
neutron  are  given  including  the  scattering  cross  section 
for  the  point  nucleon  and  for  plane  polarized  incident 
photons.  Possible  explanations  for  this  discrepancy 
are  discussed. 
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We  describe  an  efficient  procedure  for  propagating  a 
spatially  extended  wave  function  evaluated  on  a  small 
grid.  The  procedure  involves  the  repeated  splitting  of 
the  wave  function  into  a  part  residing  mainly  in  the 
interaction  region  (small  fragment  separation)  and 
parts  residing  solely  in  the  asymptotic  region  (large 
fragment  separation),  and  propagating  each  part  sepa- 
rately. The  total  wave  function  can  be  reassembled  at 
a  later  time  by  adding  the  individual  asymptotic  pieces, 
propagated  to  a  common  final  time  with  a  free  particle 
propagator,  to  the  part  of  the  wave  function  remaining 
in  the  interaction  region.  This  procedure  is  well  suited 


to  propagation  methods  that  evaluate  the  wave  func- 
tion on  a  spatial  grid,  because  the  amount  of  asymp- 
totic region  included  in  the  grid,  and  therefore  the  com- 
putational effort,  can  be  minimized  (the  smaller  the  as- 
ymptotic region,  the  more  frequent  the  splitting). 
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Detailed  absolute  reflectivity  characterizations  are  pre- 
sented for  selected  examples  of  multilayers,  which 
have  been  semi-empirically  determined  for  Mica,  KAP 
and  the  fabricated  Langmuir-Blodgett  and  sputtered 
multilayer  analyzers  with  d-spacings  in  the  10-200  A 
range.  Design  requirements  for  absolute  spectrometry 
are  established.  Efficient  analytical  multilayer  reflectiv- 
ity models  are  derived  and  parameterized  (based  upon 
a  modification  of  the  Darwin-Prins  model  for  the  low- 
energy  x-ray  region)  -  including,  for  the  sputtered 
multilayers,  parameters  for  defining  interface  structure. 
The  dependence  of  the  reflectivity  characteristics, 
high-order  Bragg  diffraction  suppression,  and  over-all 
efficiency  upon  the  model  parameters  is  analyzed.  A 
special  spectrograph  and  procedure  for  the  absolute 
measurement  of  the  relevant  reflectivity  characteristics 
are  described.  Detailed  measurements  and  semi-em- 
pirical characterizations  are  presented. 
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The  study  of  the  1s  level  in  heavy  atoms  or  ions  pro- 
vides very  important  tests  of  QED  and  relativistic  cor- 
rections in  strong  electromagnetic  fields.  Such  studies 
have  been  conducted  mainly  by  measuring  2p-1s  tran- 
sitions in  one  and  two-electron  ions  and  K  transitions 
in  atoms.  In  this  paper  I  will  discuss  the  status  and  the 
merit  of  the  different  approaches,  and  show  detailed 
comparisons  between  experiment  and  theory  in  all 
three  cases. 
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Measurements  of  internal  energy  states  of  atomic  ions 
confined  in  traps  can  be  used  to  illustrate  fundamental 
properties  of  quantum  systems,  because  long  relax- 
ation times  and  observation  times  are  available.  In  the 
experiments  described  here,  a  single  ion  or  a  few  iden- 
tical ions  were  prepared  in  well-defined  superpositions 
of  two  internal  energy  eigenstates.  The  populations  of 
the  energy  levels  were  then  measured.  For  an  individ- 
ual ion,  the  outcome  of  the  measurement  is  uncertain, 
unless  the  amplitude  for  one  of  the  two  eigenstates  is 
zero,  and  is  completely  uncertain  when  the  magnitudes 
of  the  two  amplitudes  are  equal.  In  one  experiment, 


452 


PHYSICS 


General 


a  single  (199)Hg(1+)  ion,  confined  in  a  linear  rf  trap 
was  prepared  in  various  superpositions  of  two 
hyperfine  states.  In  another  experiment,  groups  of 
(9)Be(1+)  ions,  ranging  in  size  from  about  5  to  about 
400  ions,  were  confined  in  a  Penning  trap  and  pre- 
pared in  various  superposition  states.  The  measured 
population  fluctuations  were  greater  when  the  state 
amplitudes  were  equal  than  when  one  of  the  ampli- 
tudes was  nearly  zero,  in  agreement  with  the  pre- 
dictions of  quantum  mechanics.  These  fluctuations, 
which  we  call  quantum  projection  noise,  are  the  fun- 
damental source  of  noise  for  population  measure- 
ments, with  a  fixed  number  of  atoms.  These  fluctua- 
tions are  of  practical  importance,  since  they  contribute 
to  the  errors  of  atomic  frequency  standards. 
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Recent  developments  in  laser  cooling  and  trapping  of 
neutral  atoms  have  opened  the  new  field  of  atomic  col- 
lisions at  ultracold  temperatures,  T  <  1  mK.  There  are 
many  new  challenges  and  opportunities  for  both  theory 
and  experiment.  We  will  outline  some  of  the  key  prob- 
lems in  this  field,  and  present  calculations  on  several 
collisional  processes  which  have  been  observed  in 
atom  traps. 

03,852 

PB94-212651       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Boulder,  CO.  Electromagnetic  Technology  Div. 
Chaos  in  a  Computer-Animated  Pendulum. 
Final  rept. 

R.  L.  Kautz.  1993,  9p. 

Pub.  in  American  Jnl.  of  Physics  61,  n5  p407-415  May 
93. 

Keywords:  'Pendulums,  *Chaos,  Computer  animation, 
Strange  attractors,  Symmetry  breaking,  Frequency 
multipliers,  Josephson  effect,  Demonstrations,  Trajec- 
tories, Reprints,  Chaotic  motion,  State  space. 

A  classroom  demonstration  based  on  computer  anima- 
tion illustrates  chaotic  motion  in  a  driven  pendulum. 
Generated  by  a  76  line  BASIC  program  that  runs  on 
PC-compatible  computers,  the  animation  shows  four 
simultaneous  displays,  including  the  pendulum  and  its 
trajectory  in  state  space.  The  program  can  be  used  to 
illustrate  periodic  attractors,  symmetry  breaking,  period 
doubling,  and  chaos. 
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We  present  a  brief  overview  of  observed  effects  of  d.c. 
electric  fields  on  autoionizing  resonances  in  the  region 
above  the  first  ionization  threshold.  The  types  of  phe- 
nomena fall  into  three  broad  categories:  (I)  field  broad- 
ening (and  narrowing),  (II)  field-induced  interferences 
and  transitions,  and  (III)  field-induced  Stark  manifolds. 
Theoretical  methods  for  dealing  with  these  phenomena 
have  been  developed,  and  comparisons  with  their  pre- 
dictions will  be  discussed. 
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Recent  spectroscopic  data  clearly  indicate  that  both 
relativistic  and  quantum  electrodynamic  (QED)  effects 
are  indispensable  in  understanding  the  spectra  of  high- 
ly-charged ions.  QED  effects  are  discernible  even  in 
spectra  involving  M-  and  N-shell  electrons.  Current  un- 
derstanding and  theoretical  capability  in  predicting  rel- 
ativistic and  QED  corrections  in  atomic  structure  are 
reviewed. 
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The  branching-ratio  technique  for  radiometric  calibra- 
tions in  the  vacuum  ultraviolet  spectral  region  is  briefly 
reviewed.  A  list  of  transitions  suitable  for  use  of  the 
technique  is  given  for  carbon-like  ions,  along  with  perti- 
nent data  for  their  application. 
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A  high  resolution  hard  x-ray  microscope  is  described. 
This  system  is  capable  of  detecting  line  features  as 
small  as  0.5  micrometer  in  width.  The  spatial  resolution 
determined  by  the  modulation  transfer  function  is  1.0 
micrometer.  Three  types  of  two-dimensional  image  de- 
tectors are  discussed  and  compared  for  use  with  hard 
x-rays  in  high  resolution.  Principles  of  x-ray  image 
magnification  are  also  discussed,  based  on  x-ray  op- 
tics and  diffraction  physics.  The  effect  of  the  x-ray 
source  size  is  discussed  as  an  important  factor  limiting 
spatial  resolution.  Some  examples  of  applications  are 
demonstrated  in  microradiography  and  diffraction  im- 
aging (topography).  High  resolution  tomography  has 
now  become  a  reality. 
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Thermal  conductivity  measurements  are  reported  for 
the  alternative  refrigerant  1,1,1,2-tetrafluoroethane 
(R134a).  These  measurements  were  made  over  the 
temperature  range  from  200  to  390  K  at  pressures  to 
70  MPa.  Data  are  reported  for  the  liquid,  vapor,  and 
supercritical  fluid  phases.  A  significant  critical  en- 


hancement is  observed  for  R134a.  A  thermal  con- 
ductivity surface,  which  fits  our  data  to  +  or  -  3.8%  at 
95%  confidence,  is  provided  for  R134a.  Correlations 
are  also  provided  for  the  saturated  vapor  and  saturated 
liquid  thermal  conductivity  of  R134a.  Comparisons  are 
made  with  other  available  thermal  conductivity  data  for 
the  dilute  gas,  saturated  vapor,  and  saturated  liquid. 
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A  calculation  of  the  gravitationally  induced  distortion  of 
a  monolithic  silicon  interferometer  using  the  finite  ele- 
ment method  has  been  used  to  analyze  the  data  from 
a  gravitational  phase  shift  experiment  using  neutrons. 
The  observed  dependence  of  the  X-ray  phase  shift  on 
interferometer  rotational  angle  has  been  reproduced. 
An  additional  interferometer  distortion  has  been  identi- 
fied which  can  explain  the  discrepancy  between  the 
observed  neutron  phase  shift  and  the  theoretical  value. 
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Experimental  investigations  of  associative  ionization  in 
a  laser  trap  are  reported.  The  recent  prediction  by  Juli- 
enne of  a  laser  intensity  modified  reaction  rate  has 
been  confirmed.  In  addition,  a  new  channel  for  the  re- 
action involving  long-range  molecular  states  has  been 
discovered. 
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We  report  that  the  ratio  of  double-to-single 
photoionization  of  He  at  several  photon  energies  from 
2  to  12  keV.  By  time-of-flight  methods,  we  find  a  ratio 
consistent  with  an  asymptote  at  1 .5%  +  or  -  0.2%,  es- 
sentially reached  by  h(nu)  approx  =  4  keV.  Fair  agree- 
ment is  obtained  with  older  shake  calculations  of  Byron 
and  Joachain  (Phys.  Rev.  164,  1  (1967)),  of  Aberg 
(Phys.  Rev.  A  2,  1726(1970)),  and  with  recent  many- 
body  perturbation  theory  (MBPT)  of  Ishihara,  Hino,  and 
McGuire  (Phys.  Rev.  A  44,  6980  (1991)).  The  result 
lies  below  earlier  MBPT  calculations  by  Amusia  et  al. 
(J.  Phys.  B  8,  1248  (1975))  (2.3%),  and  well  above 
semiempirical  predictions  of  Samson  (Phys.  Rev.  Lett. 
65,  2861  (1990)),  who  expects  no  asymptote  and  pre- 
dicts sigma  (He(2+))/sigma(He(1+))=0.3%  at  12  keV. 
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This  article  is  a  revised  version  of  an  earlier  one  on 
molecular  spectroscopy.  Experimental  techniques  are 
discussed  and  the  advantages  of  using  narrow  band 
lasers  for  high  resolution  investigations  are  illustrated. 
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Strongly  polarized  x-ray  fluorescence  from  gas-phase 
molecules  has  been  observed  by  selectively  exciting 
near  core  level  ionization  thresholds  using 
monochromatized  synchrotron  radiation.  Both  the  de- 
gree and  the  direction  of  the  polarization  are  very  sen- 
sitive to  the  incident  excitation  energy,  and  the  symme- 
try of  the  occupied  and  unoccupied  molecular  orbitals 
involved  in  the  excitation/fluorescence  process.  Illus- 
tration of  the  phenomenon  will  be  made  using  CI  K- 
edge  excitation  on  the  molecule  methyl  chloride, 
CH3CI.  The  possibility  of  extracting  orientational,  geo- 
metrical, and  orbital-symmetry  information  directly 
from  experiment  will  be  discussed,  and  the  importance 
of  the  rapid  time  scale  of  the  x-ray  fluorescence  decay 
(about  1 0  fs),  which  effectively  precludes  disorientation 
effects,  will  be  stressed.  Expectations  are  that  x-ray 
polarized  fluorescence  spectroscopy  will  enjoy  wide 
applicability  to,  for  example,  solids,  surfaces  and  inter- 
faces, oriented  molecules  such  as  surface  adsorbates, 
and  active  sites  in  macromolecules. 
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With  the  advent  of  third-generation  synchrotron-radi- 
ation sources  now  being  built,  research  in  the  area  of 
atomic,  molecular,  and  optical  physics  using  x-rays 
from  these  insertion-device-based  facilities  is  expected 
to  experience  a  renaissance.  Many  of  the  most  sought- 
after  experimental  goals  in  this  area  of  research  will 
become  possible  or  even  routine.  To  highlight  some 
of  the  exciting  possibilities,  some  specific  examples 
are  discussed,  such  as  the  x-ray  and  Auger  resonant- 
Raman  effect  and  polarized  molecular  x-ray  emission. 
Plans  for  implementation  of  an  x-ray  synchrotron-radi- 
ation beamline  dedicated  to  atomic,  molecular,  and  op- 
tical physics  at  the  Advanced  Light  Source  are  pre- 
sented, with  emphasis  on  the  enhanced  capabilities 
that  will  be  available  at  this  state-of-the-art  facility. 
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An  evaluation  is  made  of  measurements  of  CO  pres- 
sures in  the  UHV  regime  using  resonance-enhanced 
multiphoton  ionization  coupled  with  time-of-flight  mass 
spectroscopy  (REMPI-TOFMS).  It  has  been  found  that 
once  the  REMPI-TOFMS  system  has  been  calibrated, 
quantitative  measurement  of  CO  pressures  as  low  as 
10(sup  -10)  Pa  is  possible,  even  in  overwhelming  N2 
backgrounds.  With  compensation  for  laser  pulse  en- 
ergy variations,  we  find  measurements  with  uncertain- 
ties of  10%-15%  are  possible  for  pressures  down  to 
10(sup  -7)  Pa,  and  an  ultimate  detection  limit  for  CO 
pressures  of  10(sup  -10)  Pa  for  our  measurement  sys- 
tem. In  this  study,  the  REMPI-TOFMS  system  was  cali- 
brated using  a  pressure  division  technique  along  with 
a  spinning  rotor  gage.  The  ionization  of  CO  is  achieved 
using  230  nm  radiation  to  excite  the  B  singlet 
Sigma(1+)  state  of  CO  at  10.8  eV  via  a  two-photon  ab- 
sorption and  then  ionizing  some  of  the  excited  state 
molecules  by  the  absorption  of  an  additional  photon 
from  the  laser  beam. 
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The  feasibility  of  determining  thermophysical  prop- 
erties at  high  temperatures  from  measurements  of  the 
surface  temperature  of  a  radiating  sphere  is  inves- 
tigated. For  a  sphere  initially  maintained  in  a  steady 
state  but  with  no  heat  supplied  after  some  time,  t  =  0, 
the  subsequent  temperature  profile  in  the  sphere  has 
been  calculated  as  a  function  of  time.  The  material 
properties  of  the  sphere:  thermal  conductivity,  heat  ca- 
pacity at  constant  pressure,  thermal  expansion,  and 
emissivity,  are  assumed  to  have  a  quadratic  depend- 
ence on  temperature  over  a  limited  temperature  range 
(several  hundred  degrees).  The  sensitivity  of  the  tem- 
perature profile  to  the  material  parameters  has  been 
examined  for  values  representative  of  molybdenum. 
The  surface  temperature  shows  some  sensitivity  to  the 
heat  capacity  and  to  the  emissivity  but  it  is  quite  insen- 
sitive to  the  thermal  conductivity  and  thermal  expan- 
sion. In  spite  of  the  rather  small  effect,  a  method  for 
determining  the  heat  capacity,  given  the  surface  tem- 
perature of  the  sphere  as  a  function  of  time,  has  been 
developed  on  the  basis  of  these  calculations  for  the 
full  range  of  temperature,  1500-3000  K. 
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We  describe  several  geometrical  configurations  of 
supermirror  arrays  for  polarizing  cold  and  sub-thermal 
neutrons  in  transmission  with  high  efficiency,  which  is 
particularly  important  in  applications  where  several  po- 
larizers occur  in  series.  The  measured  polarizing  effi- 
ciency and  reflectivity  of  Fe-Si  supermirror  coatings 
which  can  be  used  in  these  devices  are  also  reported. 
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We  study  atomic  beam  deflection  by  adiabatic  passage 
between  Zeeman  ground-levels  via  Raman  transitions 
induced  by  counterpropagating  Sigma  +  -  polarized  la- 
sers. We  show  that  complete  population  transfer  be- 
tween the  ground  states  can  be  achieved  which  cor- 
responds to  the  scattering  of  the  atomic  wave  packet 
into  a  single  final  momentum  state  by  absorption  and 
induced  emission  of  laser  photons.  Although  the  lasers 
can  be  resonant,  the  excited  state(s)  are  never  popu- 
lated during  the  adiabatic  transfer  which  suppresses 
the  effects  of  spontaneous  emission  and  preserves  the 
coherence  of  the  atomic  wave  function.  This  scheme 
has  attractive  features  as  a  beam  splitter  and  mirror 
for  atomic  interferometry. 
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The  idea  behind  photon  tagging  is  conceptually  simple; 
a  signal  from  a  detector  looking  at  one  of  the  particles 
involved  in  the  photon  production  process  provides  in- 
formation on  both  the  energy  and  the  time  of  creation 
of  each  photon,  thereby  'tagging'  the  energy  of  each 
of  the  photons  in  a  continuous  spectrum.  A  fast  time 
coincidence  between  the  signal  from  the  tagging  de- 
tector and  the  signal  from  the  nuclear  reaction  product 
detector  indicates  that  the  reaction  was  initiated  by  the 
associated  photon  and  serves  to  identify  the  energy  of 
the  photon  that  initiated  the  reaction.  Three  tagging 
techniques  have  been  implemented  at  a  number  of  ac- 
celerator laboratories. 
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Measurements  of  spin-resolved  elastic  electron-so- 
dium scattering  have  been  carried  out  at  incident  ener- 
gies of  4.1  and  12.1  eV,  and  the  ratio  of  triplet  to  singlet 
scattering  cross  sections  has  been  obtained  at  each 
energy.  The  ratio  is  used  to  provide  a  determination 
of  not  only  the  magnitudes  of  the  triplet  and  singlet  am- 
plitudes, but  also  the  cosine  of  the  relative  phase  dif- 
ference between  them.  These  determinations  of  mag- 
nitude and  relative  phase  represent  the  most  detailed 
characterization  to  date  of  electron-atom  scattering 
from  a  'one-electron'  target. 
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The  use  of  a  TEM(sub  01,  sup  *)  ('donut')  mode  laser 
beam  has  been  proposed  as  a  means  of  focusing  an 
atomic  beam  to  extremely  small  spot  sizes.  In  the  initial 
analysis,  Balykin  and  Letokhov  showed  that  when  a 
donut  mode  laser  beam  is  focused  to  a  small  spot  of 
order  1  micrometer,  and  an  atom  beam  is  passed  con- 
centrically through  the  focus,  the  dipole  force  on  the 
atoms  has  the  correct  radial  dependence  to  produce 
first  order  focusing.  They  then  estimated  the  effects  of 
atomic  diffraction  (due  to  the  deBroglie  wavelength  of 
the  atom),  spherical  and  chromatic  aberration,  and  dif- 
fusion arising  from  spontaneous  emission.  It  was  found 
that  spot  sizes  of  order  a  few  Angstroms  could  be  ob- 
tained with  reasonable  values  for  atomic  beam  collima- 
tion  and  monochromaticity,  and  laser  power  and 
detuning. 
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The  availability  of  pairwise  additive  'two-body'  poten- 
tials for  van  der  Waals  systems  from  near-IR,  far-IR 
and  microwave  data  permits  detailed  prediction  of 
librational  behavior  for  isolated  HF  chromophores 
solvated  by  successive  numbers  of  rare  gas  Ar  atoms. 
The  paper  describes  theoretical  calculations  of 
Ar(n)HF  equilibrium  structures  and  intermolecular  HF 
vibrational  frequencies  based  on  an  Ar(n)HF  'two- 
body'  potential  energy  surface  developed  from  pre- 
viously determined  Ar-Ar  and  Ar-HF  potentials.  Iso- 
meric structures  are  predicted  from  local  minima  on 
these  multidimensional  surfaces,  and  are  found  to  be 
in  excellent  qualitative  agreement  with  near-IR  obser- 
vations of  Ar(n)HF  clusters  with  n=1,2,2,  and  4  Ar 
atoms.  Quantum  mechanical  calculations  are  per- 
formed for  the  HF  librational  and  van  der  Waals 
stretching  modes  against  a  rigid  Ar(n)  frame.  In  the 
limit  of  sufficient  Ar  atoms  to  fill  the  first  coordination 
sphere  around  the  HF,  the  calculations  indicate  a  near- 
ly perfect  concellation  of  angular  anisotropy  for  HF 
librational  motion,  consistent  with  the  nearly  free  inter- 
nal rotation  of  the  HF  observed  in  cryogenic  Ar  mat- 
rices. 
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A  commercially  available,  thin,  dyed-plastic  film  (mean 
thickness  30  micrometers)  having  a  transparent  green 


color,  changes  color  progressively  to  brown  shades 
and  then  to  a  deep  red  shade  upon  irradiation  at  suc- 
cessively higher  values  of  absorbed  dose  (gamma  ra- 
diation) in  the  range  8-60  kGy.  The  analysis  for  dosim- 
etry is  made  with  spectrophotometric  measurements 
(at  visible  light  wavelengths)  of  pre-irradiation 
absorbance,  A(0),  and  radiation-induced  absorbance, 
A{1 ).  Either  the  wavelength  of  the  maximum  of  the  ab- 
sorption band  that  bleaches  upon  irradiation  (wave- 
length =  425  nm)  or  the  wavelengths  of  the  maxima 
of  the  two  overlapping  radiation-induced  absorption 
bands  (wavelength  =  525  or  556  nm)  are  used  to  make 
these  measurements.  The  most  reproducible  calibra- 
tion consists  of  the  ratio,  A(1)/A(0),  at  a  given  wave- 
length, as  a  function  of  the  absorbed  dose.  The  new 
film  dosimeter  is  flexible,  rugged,  and  relatively  stable 
at  temperatures  between  -80  C  and  +50  C,  and  in  day- 
light. The  radiation-induced  color,  in  terms  of  the 
absorbance,  A(1),  at  selected  wavelengths,  is  unstable 
for  about  two  days  subsequent  to  irradiation,  after 
which  the  values  of  A(1  )/A(0)  remain  stable  for  at  least 
several  months,  even  under  illumination  with  white  flu- 
orescent or  indirect  daylight. 
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The  authors  describe  a  heterodyne  experiment  to 
measure  the  spectrum  of  fluorescence  of  the  atoms 
confined  in  optical  molasses. 
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In  beam  experiments,  the  achievement  of  an  accurate 
neutron  lifetime  measurement  depends  heavily  on  the 
use  of  well  characterized  boron  and/or  lithium  ref- 
erence deposits  to  assess  the  neutron  density.  Sets 
of  (6)LiF  and  (10)B  reference  deposits  on  silicon  wa- 
fers were  prepared  by  vacuum  deposition  using  plan- 
etary rotating  substrate  holders.  The  uniformity  of  dep- 
osition was  investigated  using  visible  light 
spectrophotometry  and  accurate  dimensional  charac- 
terization was  carried  out  on  the  basis  of  travelling  mi- 
croscope and  talistep  measurements.  The  results  ob- 
tained agreed  well  with  theoretical  calculations  based 
on  the  geometry  of  the  evaporation  system.  The  de- 
posits prepared  in  successive  evaporation  runs  were 
then  characterized  by  neutron  induced  charged  par- 
ticle measurements  calibrated  by  isotope  dilution  mass 
spectrometry.  (6)Li  and  (10)B  surface  densities  are 
certified  with  accuracies  of  0.35-0.50%  and  0.30- 
0.41%,  respectively.  An  intercomparison  of  the  (6)Li 
and  (10)B  calibrations  confirms  the  consistency  of  the 
measurements. 
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Temperature  measurements  on  atoms  released  from 
optical  molasses  are  found  to  agree  very  well  with  the 
predictions  of  the  theoretical  models  of  polarization 
gradient  cooling.  This  agreement  extends  over  a  wide 
range  of  laser  intensity  and  detuning  and  even  covers 
values  of  those  parameters  where  it  was  originally  be- 
lieved the  cooling  would  not  be  effective.  The  lowest 
temperatures  achieved  in  a  3-D  optical  molasses  are 
25  microK  and  2.5  microK  for  sodium  and  cesium  re- 
spectively. In  each  case,  this  is  equivalent  to  an  rms 
velocity  of  about  three  times  the  recoil  velocity. 
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Recent  progress  in  laser  cooling  and  trapping  of  neu- 
tral atoms  is  discussed  with  a  view  toward  future  appli- 
cations to  time  and  frequency  standards.  Advantages 
and  discadvantages  of  neutral  atom  standards  with  re- 
spect to  ion  standards  are  discussed.  Prospects  for  a 
neutral  atom  'atomicfountain'  clock  are  examined  and 
appear  to  be  promising. 
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Reduction  of  atomic  kinetic  motion  by  laser  cooling  has 
important  applications  to  atomic  frequency  standards 
and  other  precision  measurements.  The  optical  molas- 
ses technique,  used  for  cooling  neutral  atoms,  has  pro- 
duced temperatures  below  3  microK  for  cesium  atoms, 
corresponding  to  an  rms  velocity  of  about  13  mm/s. 
This  is  considerably  lower  than  the  lower  limit  originally 
thought  to  apply  to  laser  cooling  and  is  apparently  the 
lowest  kinetic  temperature  ever  measured  for  three-di- 
mensional cooling.  New  laser  cooling  mechanisms 
have  been  identified  to  explain  the  low  temperature. 
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Optical  molasses  is  a  three-dimensional  (3-D)  configu- 
ration of  laser  beams  used  to  laser-cool  and  to  confine 
neutral  atoms.  Atoms  laser  cooled  in  optical  molasses 
reach  temperatures  much  lower  than  the  limit  given  by 
the  original  theories  of  laser  cooling  based  on  the 
Doppler  effect.  This  cooling  below  the  Doppler-Cooling 
limit  is  now  seen  as  being  due  to  new  laser  cooling 
mechanisms  not  present  in  the  original  theories.  The 
dependence  of  the  atomic  temperature  on  parameters 
such  as  laser  intensity  and  detuning  shows  good 
agreement  between  calculations  performed  in  1-D  and 
experiments  performed  in  3-D.  For  cooling  of  Na  and 
Cs  atoms,  the  lowest  observed  temperatures  cor- 
respond to  rms  velocities  between  three  and  four  times 
the  single  photon  recoil  velocity.  For  Cs  the  tempera- 
ture is  2.5  +  or  -  0.6  microK  and  is  the  lowest  tempera- 
ture ever  measured  for  3-D  cooling. 
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We  summarize  our  most  recent  results  on  the  develop- 
ment of  an  absolute  temperature  scale  below  0.5  K. 
It  is  the  most  recent  of  several  experiments  at  our  lab- 
oratory and  represents  both  our  best  effort  and  the  one 
in  which  all  available  thermometers  were  simulta- 
neously and  fully  operational.  Perhaps  the  most  inter- 
esting conclusion  reached  by  us  so  far  is  that  the  tem- 
perature scale  below  1 5  mK  may  be  quite  different  than 
has  been  developed  by  other  laboratories,  particularly 
those  engaged  in  low-temperature  physics  projects 
such  as  (3)He  research. 
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Collisions  of  trapped  atoms  occur  over  time  intervals 
that  are  often  longer  than  radiative  lifetimes.  This  leads 
to  radiative  interruption  of  excited-state  collision  dy- 
namics and  constrains  collisional  interactions  to  atom 
pairs  that  are  in  close  proximity  at  the  time  of  exci- 
tation. Using  classical  dynamics,  I  show  that  this 
causes  Na  associative  ionization  to  be  dominated  by 
a  four-step  process  in  which  the  longer-range  Na(star)- 
Na  interaction  initiates  inward  motion  that  is  completed 
as  Na(star)  +  Na(star)  -->  Na2(1+)  +  e.  Thus  low-tem- 
perature associative  ionization  does  not  result  from 
Na(star)  +  Na(star)  collisions.  I  predict  strong  single- 
and  two-wavelength  dependencies,  which  have  a  mo- 
lecular character  due  to  the  close  proximity  at  the  time 
of  photoabsorption.  These  are  amenable  to  experi- 
mental observation.  I  also  calculate  saturation  that  re- 
sults from  the  depletion  of  interacting  pairs.  This  pro- 
duces very-low-power  saturation  and  explains  the  as- 
sociative ionization  measurements  of  Gould  et  al. 
(Phys.  Rev.  Lett.  60,  788  (1988)). 
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We  have  measured  the  temperature  of  laser-cooled  Rb 
atoms  in  optical  molasses  as  a  function  of  laser  inten- 
sity and  detuning.  For  both  (85)Rb  and  (87)Rb,  cooled 
on  the  F  =  3->  F'  =  4  and  F  =  2  -->  F'  =  3  transitions, 
respectively,  the  temperatures  are  proportional  to  the 
ratio  of  laser  power  and  detuning  for  a  wide  range  of 
these  parameters.  We  observe  a  small  but  significant 
difference  between  the  two  isotopes.  We  also  show  the 
results  of  three-dimensional  semi-classical  numerical 
calculations.  Our  results  favor  a  model  which  includes 
atomic  localization  in  optical  standing  waves. 
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Low  energy  neutrons  provide  a  tool  of  great  versatility 
in  the  investigation  of  fundamental  interactions.  Recent 
experimental  work  with  'cold'  neutrons  have  addressed 
such  issues  as  the  study  of  weak  interactions,  nuclear 
physics  and  astrophysics.  They  have  also  been  em- 
ployed in  the  study  of  invariance  principles  and  for  the 
determination  of  fundamental  constants.  This  contribu- 
tion focuses  on  three  particular  areas  of  investigation 
which  reflect  this  broad  nature  of  neutron  physics.  The 
examples  discussed  include  gravitational  phase  shift 
experiments  with  neutron  interferometers,  the  meas- 
urement of  the  neutron  lifetime,  and  the  determination 
of  the  fine  structure  constant  by  a  new  method. 
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Measurements  of  absolute  total  cross  sections  for 
electron-impact  excitation  of  Ar(7+)(3s->  3p)  using  a 
merged-beams  electron-energy-loss  technique  show 
that  near  threshold,  the  inelastically  scattered  elec- 
trons are  ejected  primarily  in  the  backward  direction. 
This  unusual  angular  scattering  has  not  been  pre- 
viously observed  for  atoms  or  ions,  but  may  be  typical 
for  multiply  charged  ions.  The  total  cross  sections, 
measured  over  an  energy  range  to  2.2  eV  above 
threshold,  agree  with  seven-state  R-matrix  close-cou- 
pling calculations.  Both  close-coupling  and  distorted- 
wave  calculations  also  confirm  the  backscattering  ob- 
served in  these  measurements. 
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We  have  built  and  tested  a  simplified  full  scale  model 
of  the  planned  liquid  hydrogen  moderator  for  the  cold 
neutron  source  of  the  NIST  reactor.  The  heat  load  to 
the  liquid  hydrogen  will  be  removed  to  an  external  re- 
frigerator by  means  of  a  thermosyphon.  Our  experi- 
ments showed  that  this  system  could  be  filled,  would 
operate  stably,  and  the  gas  volume  in  the  moderator 
chamber  would  not  exceed  20  percent.  Results  of  the 
tests  suggested  some  improvements  to  the  original  de- 
signs. The  circulation  of  liquid  hydrogen  proved  to  be 
self-regulating  even  when  the  available  liquid  inflow 
rate  was  sufficient  to  flood  the  vapor  line. 
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This  paper  reviews  the  research  and  design  of  high 
temperature  blackbody  sources  for  the  temperature  in- 
terval from  2000  K  to  3000  K.  Sources  with  large  aper- 
tures are  addressed  specifically,  as  these  are  well  suit- 
ed to  the  important  problem  of  spectral  irradiance  scale 
realizations. 
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The  neutron  induced  fission  cross  section  for  (235)U 
has  been  measured  from  .02  to  1000  electron  volts  at 
the  NBS  electron  LINAC  facility.  This  cross  section,  es- 
pecially the  integrals  from  7.8  to  11  eV  and  from  100 
to  1000  eV  is  widely  used  as  a  standard  to  normalize 
shape  experiments.  A  special  ion  chamber  incorporat- 
ing both  the  (235)U  foils  and  the  (10)B  foils  used  to 
monitor  the  neutron  beam  was  built.  The  geometry  of 
the  chamber  and  the  data  taking  system  was  designed 
to  give  the  effect  of  a  common  environment  and  flight 
path  so  as  to  reduce  or  eliminate  background  and  en- 
ergy assignment  problems.  The  shape  measurements 
were  normalized  at  thermal.  Results  are  compared  to 
other  recent  measurements,  and  ENDF/B-V. 
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Wavelengths  and  isotope  shifts  have  been  measured 
for  the  1 738.4-,  1 738.5-,  1740. 2-,  and  2354. 2-A  lines 
of  Hg  III  with  an  uncertainty  of  0.002  A.  The  lines  were 
excited  in  a  pulsed  radio-frequency  discharged  and  ob- 
served with  a  10.7-m  normal-incidence  vacuum  spec- 
trograph. Observations  were  made  with  lamps  contain- 
ing natural  Hg,  (198)Hg,  and  (204)Hg.  By  using  well- 
established  relative  isotope  shifts,  wavelengths  of 
these  four  lines  for  (1 96)Hg,  (200)Hg,  (202)Hg,  and  the 
centers  of  gravity  for  (199)Hg  and  (201  )Hg  were  also 
determined.  The  results  provide  important  data  for  de- 
termining elemental  and  isotopic  abundances  of  Hg 
from  spectra  of  Hg-rich  chemically  peculiar  stars. 
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The  spectrum  of  Ba  IV  was  observed  with  sliding 
sparks  and  low-inductance  vacuum  sparks  on  10.7- 
and  3-m  normal-incidence  vacuum  spectrographs. 
Thirty-nine  lines  between  463  and  923  A  are  classified 
as  transitions  between  levels  of  the  5s(2)5p(5)  doublet 
P  ground  term  and  levels  of  the  5s5p(6),  5s(2)5p(4)5d, 
and  5s(2)5p(4)6s  configurations.  These  configurations 
are  theoretically  interpreted,  and  the  energy  param- 
eters determined  from  least-squares  fits  to  the  ob- 
served levels  are  compared  with  Hartree-Fock  calcula- 
tions. The  ionization  energy  is  revised  to  379,300  +  or 
-  2700/cm  (47.03  +  or  -  0.33  eV). 
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Multiple  mirror  reflection  at  small  grazing  angles  from 
the  smooth  surfaces  of  the  narrow  channels  of 
polycapillary  fibers  can  be  used  to  transport,  bend,  and 
focus  thermal  neutron  beams.  We  report  the  results  of 
the  focusing  of  a  polychromatic  cold  neutron  beam 
using  a  compact  lens  of  borosilicate  fibers  and  with  a 
focal  distance  of  57  mm.  The  intensity  profile  of  the 
beam  at  the  focus  is  approximately  conical  in  shape 
with  a  full  width  at  half-maximum  of  0.49  mm,  and  with 
an  average  gain  in  intensity  of  about  20.  These  experi- 
mental results  agree  well  with  those  obtained  by  com- 
puter simulation. 
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A  computer  code  is  developed  and  tested  which  simu- 
lates the  transient  evaporation  of  a  single  liquid  droplet 
from  the  surface  of  a  semi-infinite  solid  subject  to  radi- 
ant heat  input  from  above.  For  relatively  low  tempera- 
ture incident  radiation,  it  is  shown  that  the  direct  ab- 
sorption of  radiant  energy  by  the  droplet  can  be  treated 
as  purely  boundary  conditions,  while  a  model  for  higher 
temperature  incident  radiation  would  require  the  addi- 
tion of  constant  heat  source  terms.  The  heat  equation 
is  numerically  coupled  between  the  liquid  and  solid  do- 
mains by  using  a  predictor-corrector  scheme.  Three 
one-dimensional  solution  schemes  are  used  within  the 
droplet:  a  start-up  semi-infinite  medium  solution,  a 
tridiagonal  Crank-Nicholson  transient  solution,  and  a 
steady-state  solution.  The  solid  surface  temperatures 
at  each  time  step  are  calculated  through  careful  nu- 
merical integration  of  an  axisymmetric  Green's  func- 
tions solution  with  the  forcing  function  given  by  the  past 
lower  droplet  surface  and  solid-vapor  boundary  heat 
fluxes.  The  time  step  is  increased  after  a  sensitive  ini- 
tial period  to  allow  for  reasonable  run  times.  Two  ge- 
ometry models  are  included  which  give  the  droplet 
height  as  a  function  of  current  droplet  volume  and  initial 
wetted  radius;  the  second  allows  inclusion  of  the  ef- 
fects of  initial  contact  angle  and  receding  angle.  Using 
water  as  the  liquid  and  Macor,  a  low-thermal  conductiv- 
ity material,  as  the  solid,  the  program  output  was  com- 
pared to  the  experimental  results  in  this  line  of  re- 
search. They  correlate  well  to  the  experiments  in  which 
the  critical  geometric  shape  factor  and  evaporation 
time  were  most  easily  measured. 
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Strongly  anisotropic  and  polarized  K-V  (valence  to  K- 
vacancy)  X-ray  emission  has  been  observed  from  gas- 
phase  molecules  following  excitation  of  a  K-shell  elec- 
tron to  valence-like  subthreshold  resonances  using  a 
narrow  bandwidth,  linearly  polarized  X-ray  beam.  Dis- 
tinctively different  polarizations  and  angular  distribu- 
tions are  observed  for  emission  involving  molecular 
orbitals  of  different  symmetries.  A  classical  model  of 
the  X-ray  absorption/emission  process  accurately  de- 
scribes the  observed  radiation  patterns.  Relatively 
weak  polarizations  and  anisotropies  are  observed  fol- 
lowing excitation  of  atomic  subthreshold  resonances, 
due  to  averaging  over  unresolved  final  states.  How- 
ever, resonance  and  threshold  studies  of  atomic  X-ray 
spectra  illustrate  the  inelastic  resonance  scattering 
process  and  the  onset  of  characteristic  fluorescence. 
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We  report  simultaneous  measurements  of  neutron- 
capture  prompt  gamma  emissions  as  well  as  neutron 
reflectivity  on  a  polymer  film  with  an  embedded  Gd 
layer.  Enhanced  gamma-ray  signals  and  reduced  neu- 
tron reflectivity  were  observed  when  the  neutron  stand- 
ing waves  were  resonantly  amplified  in  the  film.  Fitting 


of  both  the  gamma-ray  and  reflectivity  data  is  of  signifi- 
cant aid  in  uniquely  characterizing  the  depth  profile  of 
the  polymer  film  as  well  as  locating  the  Gd  layer. 
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Measurements  have  been  made  of  electron-impact 
ionization  and  excitation  of  Balmer  lines  in  low-current, 
steady-state  discharges  of  hydrogen  and  deuterium. 
Results  were  obtained  from  spatial  scans  of  H(alpha) 
lines  for  E/N  ranging  from  250  Td  to  10  kTd.  Here  E 
is  the  electric  field,  N  is  the  gas  density,  and  1 
Td=10(exp  -21)  V  meters  squared.  Ionization  and  exci- 
tation coefficients  versus  E/N  are  presented  for  E/N  be- 
tween 250  and  1,800  Td,  and  Nd  (where  d  denotes 
the  gap  length)  between  2.3  X  10(exp  22)  and  1.7  X 
10(exp  21)  per  square  meter.  Excitation  coefficients 
obtained  for  H(alpha)  and  D(alpha)  are  placed  on  an 
absolute  scale  using  a  standard  tungsten  lamp  cali- 
brated against  the  blackbody  radiation  standard.  The 
ionization  coefficients  are  compared  with  previous  ex- 
perimental and  theoretical  data,  while  the  excitation  co- 
efficients are  compared  with  the  calculated  values. 


03,894 

PB95-1 50553       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Fast  Computer  Evaluation  of  Radiative  Properties 
of  Hydrogenic  Systems. 
Final  rept. 

P.  J.  Storey,  and  D.  G.  Hummer.  1991,  13p. 
Contract  NASA-NAGW-766,  Grant  NSF-AST88- 
02937 

Sponsored  by  National  Aeronautics  and  Space  Admin- 
istration, Washington,  DC.  and  National  Science  Foun- 
dation, Washington,  DC. 

Pub.  in  Computer  Physics  Communications  66,  p129- 
141  1991. 

Keywords:  Hypergeometric  functions,  Einstein  coeffi- 
cients, Oscillator  strengths,  Computer  calculations, 
Cross  sections,  Photoionization,  Reprints,  'Hydrogen- 
like ions,  Gaunt  factor. 

Three  subroutines  are  described  for  the  very  fast  cal- 
culation of  bound-bound,  bound-free,  and  free-free 
cross-sections  for  nonrelativistic  hydrogenic  systems 
of  arbitrary  nuclear  charge  and  reduced  mass.  The  first 
two  are  essentially  exact,  being  based  on  recursion  re- 
lations which  are  known  to  be  stable.  The  third  evalu- 
ates the  thermally-averaged  free-free  Gaunt  factor  by 
means  of  a  two-dimensional  Chebyshev  expansion 
calculated  by  numerical  evaluation  of  the  cross-sec- 
tions expressed  as  hypergeometric  functions,  aug- 
mented by  other  analytical  approximations. 
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New  measurements  of  34  spectral  lines  of  highly  ion- 
ized Cr  ions  in  the  range  of  1 00-280  A  have  been  made 
with  a  wavelength  uncertainty  of  +  or  -  5  mA.  The  light 
source  was  the  TEXT  tokamak  at  the  University  of 
Texas  at  Austin.  Lines  of  Li-like  to  F-like  Cr  are  in- 
cluded with  visually  estimated  relative  intensities,  the 
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best  previous  measurements,  and  their  energy-level 
classifications.  The  uncertainties  of  the  best  earlier 
measurements  were  reported  as  +  or  -  20-30  mA,  but 
much  larger  errors  were  found  in  some  cases. 
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Spectra  of  highly  ionized  Er,  Yb,  Hf,  W,  and  Pt  were 
observed  by  injecting  these  elements  into  the  plasma 
of  the  TEXT  tokamak.  Resonance  lines  of  the  4d(10)- 
4d(9)4f  transition  array  in  the  Pd  I  isoelectronic  se- 
quence were  identified  by  comparison  with  plots  of  ob- 
served-minus-calculated transition  energies.  These 
plots  were  based  on  data  previously  known  through 
Ho(21  +).  They  were  fitted  to  low-order  polynomials  that 
permitted  accurate  predictions  of  wavelengths  to 
Bi(37+).  In  addition,  resonance  lines  of  Zn-like  Er(38+) 
and  Hf(42+)  were  observed. 
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Spectra  of  selected  elements  from  Pd  to  Nd  were  ob- 
served with  the  TEXT  tokamak  at  the  University  of 
Texas  in  Austin.  Lines  of  the  Rb  I  isoelectronic  se- 
quence were  identified  and  wavelengths  compared 
with  calculated  values  obtained  with  the  Cowan  rel- 
ativists Hartree-Fock  code.  We  made  plots  of  ob- 
served minus  calculated  (O  -  C)  transition  energies  in 
order  to  obtain  smoothed  wavelengths  and  interpolate 
values  for  elements  not  observed. 
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The  TEXT  tokamak  was  used  to  obtain  spectra  of  high- 
ly ionized  Er,  Yb,  Hf,  W,  and  Pt.  Injection  of  these  ele- 
ments into  the  plasma  was  achieved  by  laser  ablation 
of  thin  films  of  metal  deposited  on  glass  slides  and 
mounted  at  the  inner  wall  of  the  vessel.  The  spectra 
were  photographed  with  a  2.2-m  grazing-incidence 
spectrograph  set  at  a  grazing  angle  of  4  deg.  These 
spectra  occur  in  a  very  small  wavelength  interval,  for 
example  about  2  A  at  50  A  in  W.  In  this  spectral  range 
we  previously  classified  lines  of  the  Ag  and  Pd 
isoelectronic  sequences.  We  have  now  classified  lines 
of  the  Rh  isoelectronic  sequence  4d(9)-4d(8)4f,  which 
accounts  for  the  remaining  strong  lines  in  this  dense 
but  well-resolved  group.  No  lines  of  this  array  have  pre- 
viously been  identified.  They  were  classified  by  com- 


parison of  observed  and  calculated  transition  energies 
along  the  isoelectronic  sequence. 
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Spectra  of  highly  ionized  Er,  Yb,  Hf,  W,  Pt,  and  Au 
were  observed  with  the  TEXT  tokamak  at  the  Univer- 
sity of  Texas  at  Austin.  These  metals  were  injected  into 
the  tokamak  plasma  by  laser  ablation  of  thin-film  tar- 
gets. Spectra  were  photographed  with  a  2.2-m  grazing- 
incidence  spectrograph  in  the  range  40-300  A.  Three 
strong  doublets  of  the  Ag  I  isoelectronic  sequence 
were  identified:  4d(10)4f  -  4d(9)4f(singlet  P)4f  doublet 
D,  doublet  F  and  doublet  G.  Interpolated  and  extrapo- 
lated wavelengths  in  this  sequence  were  derived  from 
plots  of  the  difference  between  observed  and  cal- 
culated values  for  the  transition  energies.  The  cor- 
respondence of  the  W  wavelengths  with  previously  re- 
ported tokamak  spectra  is  shown. 
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The  spectrum  of  xenon  was  photographed  in  the  range 
350-2000  A  with  3-m  normal-incidence  and  10.7-m 
normal-incidence  spectrographs.  The  source  used  in 
both  cases  was  a  gas-triggered  spark.  The  Xe  V  spec- 
trum was  distinguished  by  observation  of  spectral 
changes  with  variation  of  spark  current.  The  5s(2)5p(2) 
-  (5s5P(3)  +  5s(2)5p5d  +  5s(2)5p6s)  transition  array 
of  Xe  V  was  identified  and  analyzed.  Calculations  were 
carried  out  to  assist  in  the  analysis  and  to  help  us  to 
interpret  the  results.  An  earlier  analysis  was  revised 
and  extended,  and  73  lines  are  now  classified.  A  value 
for  the  ionization  energy  of  436,700  +  or  -  400/cm  was 
determined. 
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Based  on  a  recent  Dirac  R-matrix  (close-coupling)  cal- 
culation, we  present  results  for  various  spin-polariza- 
tion parameters  for  elastic  and  inelastic  scattering  of 
slow  (E(kin)  approx  =  or  <  2  eV)  polarized  electrons 
from  unpolarized  and  polarized  neutral  Cs  atoms  in 
their  ground  state.  Our  results  allow  for  a  quantitative 
estimate  of  the  importance  of  relativistic  effects,  and 
our  calculated  parameters  clearly  deviated  from  pre- 
dictions obtained  by  just  jj-recoupling  the  results  of  a 
nonrelativistic  calculation. 
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Kinetic-energy  distributions  have  been  measured  for 
the  K(1+)  ions  traveling  in  a  drift  tube  in  argon  or  neon 
buffer  gases.  Measurements  were  made  at  different 
electric  field-to-gas  density  ratios  (E/N).  The  distribu- 
tions were  observed  to  deviate  from  a  Maxwellian  de- 
pendence at  high  E/N  for  neon  buffer  gas. 
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We  observe  a  new  resonance  structure  in  the  associa- 
tive ionization  spectrum  of  laser-cooled  sodium  due  to 
the  collision  of  two  atoms  in  different  ground  hyperfine 
states.  This  associative  ionization  is  due  to  doubly  res- 
onant excitation  at  moderate  internuclear  separation 
through  intermediate  molecular  states.  Substructure 
within  this  resonance  is  evidence  for  the  role  of  molec- 
ular bound  states  in  this  process.  We  present  calcula- 
tions modeling  the  effect  of  ground-state  hyperfine 
structure,  the  importance  of  which  was  unanticipated 
in  earlier  theoretical  studies. 
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For  the  first  time,  absolute  cross  sections  for  electron- 
impact  excitation  of  a  multiple  charged  ion  have  been 
measured  using  an  electron-energy-loss  technique. 
Cross  sections  for  e+Si(3+)  3s  doublet  S(1/2)  -> 
e+Si(3+)  3p  doublet  P(1/2,3/2)  -  8.88  eV  have  been 
measured  with  an  accuracy  of  +  or  -  20%  (at  90%-con- 
fidence  level)  over  a  narrow  energy  range  (+  or  -  0.6 
eV)  about  the  threshold  energy  with  an  energy  resolu- 
tion of  0.2  eV.  Results  are  in  good  agreement  with 
close-coupling  calculations. 
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We  have  magneto-optically  trapped  the  nine  stable  iso- 
topes of  xenon.  Using  the  Zeeman  slowing  method  to 
decelerate  a  beam  of  xenon  atoms  in  the  metastable 
6s  3/2  (3/2)(sub  2)  state  (notation  representing  nl 
J(core)  (K  =  J(core)  +  l)(sub  J)),  we  load  our  trap  to 
a  collisionally  limited  density  of  more  than  10(exp  10) 
atoms/cc.  The  two  odd  isotopes  are  trapped  without 
a  repumping  frequency,  even  though  they  have 
hyperfine  structure.  The  sensitivity  of  the  trapping  proc- 
ess to  the  laser  frequency  is  exploited  to  make  accu- 
rate measurements  of  the  isotope  shifts  for  the  6s  3/ 
2  (3/2)(sub  2)  -->  6p  3/2  (5/2)(sub  3)  laser-cooling  tran- 
sition and  of  the  hyperfine  constants  for  (1 31  )Xe. 


03,906 

PB95-151353       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Thermophysics  Div. 
Measurements  of  the  Virial  Coefficients  and  Equa- 
tion of  State  of  the  Carbon  Dioxide  +  Ethane  Sys- 
tem in  the  Supercritical  Region. 
Final  rept. 

L.  A.  Weber.  1992,  22p. 

Sponsored  by  Gas  Research  Inst.,  Chicago,  IL. 

Pub.  in  International  Jnl.  of  Thermophysics  13,  n6 

p1 011 -1032  Nov  92. 

Keywords:  "Virial  equation,  "Binary  mixtures,  "Carbon 
dioxide,  "Ethane,  "Equations  of  state,  Density(Mass/ 
volume),  Critical  pressure,  Critical  temperature, 
Thermophysical  properties,  Temperature  dependence, 
Reprints,  Phase  boundaries. 

Gas-phase  densities  of  the  system  carbon  dioxide  + 
ethane  were  measured  with  a  Burnett  apparatus  at  320 
K  and  at  pressures  up  to  approximately  1 0  MPa.  Meas- 
urements were  made  on  systems  having  carbon  diox- 
ide mole  fractions  of  0,  0.25166,  0.49245,  0.73978, 
and  1,  Second  and  third  virial  coefficients  were  deter- 
mined for  each  composition,  and  the  cross  virial  coeffi- 
cients were  calculated.  Comparisons  were  made  with 
other  recent  high-quality  measurements  on  this  sys- 
tem. For  each  mixture  composition  PdT  measurements 
were  made  on  five  isochores  having  densities  within 
+  or  -  30%  of  the  critical  density.  Temperatures  varied 
from  288  to  320  K.  The  two-phase  boundary  was  deter- 
mined and  estimates  are  given  for  Tc  and  Pc  for  each 
composition. 
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This  is  a  preliminary  report  on  a  series  of  measure- 
ments, using  high  optical  resolution,  on  the 
photoionization  of  the  nitrogen  molecule  in  the  wave- 
length region  740  -  780A  where  there  are  at  least  five 
Ryberg  series  converging  onto  the  1st  excited  state  of 
N2(1+)  A  doublet  Pi(u).  An  advanced  electron  spec- 
trometer system  is  used  which  provides  measure- 
ments of  the  angular  distribution  parameter  beta  for 
three  members  of  the  ground  state  of  the  ion,  on  a 
wavelength  mesh  sufficient  to  show  variations  in  beta 
over  the  width  of  the  autoionizing  lines.  This  study  was 
undertaken  to  assist  in  the  identification  of  these  se- 
ries, and  to  encourage  further  theoretical  work  on  inter- 
action between  electronic  and  vibrational  motion  in  the 
region  of  autoionizing  resonances. 
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Laser  cooling  can  reduce  the  thermal  motion  of  atoms 
in  a  gas.  Such  cooling  has  achieved  temperatures  less 
than  one  millikelvin.  The  traditional  view  of  laser  cool- 
ing involves  the  Doppler-effect  induced  velocity  de- 
pendence of  light  absorption  and  predicts  a  limit  on  the 
lowest  achievable  temperature.  The  energy  imparted 
to  an  atom  from  a  single  photon  recoil  also  implies  a 
separate  limit.  Recent  experiments  have  shown  that 
both  of  these  limits  can  be  broken  with  the  help  of  new 
laser  cooling  mechanisms. 
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The  critical  data  compilation  work  as  well  as  the  biblio- 
graphical efforts  of  two  data  centers  on  atomic  spec- 
troscopy at  the  National  Institute  of  Standards  and 
Technology  (formerly  the  National  Bureau  of  Stand- 
ards) are  briefly  reviewed.  A  complete  listing  of  all  cur- 
rent compilations  on  wavelengths,  energy  levels  and 
transition  probabilities  is  given.  A  recently  completed 
large  tabulation  of  atomic  transition  probabilities  for  the 
Fe-group  elements  comprising  about  18000  lines  is 
discussed  in  some  detail,  and  several  data  compari- 
sons are  presented  in  order  to  provide  an  impression 
of  the  current  status  of  these  atomic  data. 
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Two  data  centers  at  the  National  Institute  of  Standards 
and  Technology  (NIST)  are  engaged  in  the  critical 
compilation  of  atomic  spectroscopic  data  including 
those  for  highly  ionized  atoms:  the  Atomic  Energy  Lev- 
els Data  Center  and  the  Data  Center  for  Atomic  Transi- 
tion Probabilities.  Several  major  compilations  have 
been  recently  completed,  centered  on  the  iron-group 
elements. 
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This  short  article  is  an  'essay'  in  the  elementary  phys- 
ics text  Physics  by  P. A.  Tipler.  It  is  intended  as  supple- 
mentary material  to  the  regular  text,  but  refers  to  the 
text  material  when  appropriate.  Topics  discussed  in- 
clude atomic  clocks,  atomic  spectroscopy,  ion  trap- 
ping, laser  cooling,  and  laser  spectroscopy. 
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We  investigate  the  quantum-mechanical  noise  in 
spectroscopic  experiments  on  ensembles  of  N  two- 
level  (or  spin-1/2)  systems  where  transitions  are  de- 
tected by  measuring  changes  in  state  population.  By 
preparing  correlated  states,  here  called  squeezed  spin 
states,  we  can  increase  the  signal-to-nose  ratio  spec- 
troscopy (by  approximately  N(exp  1/2)  in  certain 
cases)  over  that  found  in  experiments  using 
uncorrelated  states.  Possible  experimental  demonstra- 
tions of  this  enhancement  are  discussed. 
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Resonance  Enhanced  Multi-Photon  Ionization  spec- 
troscopy has  been  applied  to  the  problem  of  detection 
of  gas  phase  species  in  a  dense  particle  forming  flow. 
Relative  silicon  atom  profiles  of  an  atmospheric  pres- 
sure flame  reactor  producing  silica  particles  have  been 
made  using  a  '2  +  1'  ionization  scheme.  The  results 
have  shown  that  silicon  atoms  are  confined  to  a  very 
narrow  time  window  in  the  reactor  (less  than  1 5  msec). 
In  addition,  the  non-resonant  background  indicated  the 
presence  of  ionizable  clusters  and  could  be  a  valuable 
tool  for  observing  the  presence  and  location  of  small 
clusters.  The  effect  of  varying  silane  loading  changed 
both  the  location  and  magnitude  of  the  silicon  con- 
centration observed.  The  results  suggest  that  chain 
branching  chemistry  is  important  in  the  production  of 
silicon  and  that  enhancement  of  pyrolytic  relative  to 
oxidative  processes  occurs  as  the  silane  loading  is  in- 
creased. 
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We  report  progress  in  a  detailed  series  of  calculations 
intended  to  provide  a  comprehensive  set  of  results 
against  which  a  wide  variety  of  completed,  in  progress, 
and  proposed  measurements  can  be  compared.  A  high 
emphasis  has  been  put  on  numerical  accuracy,  tech- 
nical convergence  in  various  parameters  (e.g.  state  ex- 
pansions and  partial  wave  summations),  and  inclusion 
of  physical  effects  (e.g.  exchange  and  core  polariza- 
tion). 
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We  have  measured  the  atomic  oxygen  (16)0  ground 
state  fine  structure  splittings  using  a  tunable  far  infra- 
red spectrometer.  The  triplet  P(0)  -  triplet  P(1)  splitting 
is  2,060,069.09  (10)  MHz  and  the  triplet  P(1)  -  triplet 
P(2)  splitting  is  4,744,777.49  (16)  MHz.  These  fre- 
quencies are  important  for  the  study  of  the  earth's  at- 
mosphere and  the  interstellar  medium. 
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Based  on  Neutron  Depth  Profiling  spectra,  emission 
rate  profiles  are  estimated  using  a  data  splitting  and 
cross-validation  approach.  In  the  procedure,  data  are 
split  into  a  variable  number  of  parts.  From  each  part, 
emission  rate  profiles  are  estimated  using  the  iterative 
EM  algorithm.  The  algorithm  is  halted  according  to  a 
cross-validation  criterion.  The  estimates  from  all  parts 
are  averaged.  As  the  split  becomes  finer,  the  stopping 
point  is  reached  sooner  and  the  estimate  gets  smooth- 
er. Mean  and  variance  curves  are  computed  for  simu- 
lated data.  An  experimental  data  set  is  analyzed. 
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We  describe  a  formalism  which  allows  the  trans- 
mission properties  of  oscillating  radial  collimators  to  be 
discussed  using  the  concept  of 'visibility'  functions.  We 
develop  a  small  angle  approximation  to  the  theory 
which  proves  to  be  valuable  in  describing  typical  instru- 
mental situations.  Independent  Monte  Carlo  (ray-trac- 
ing) simulations  give  very  good  agreement  with  analyt- 
ical results  and  provide  a  means  for  investigating  situa- 
tions where  an  analytical  treatment  would  be  extremely 
complicated. 
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Absolute  ionization  cross  sections  for  ln(1+)  and 
Xe(1+)  by  electron  impact  have  been  measured  from 
below  threshold  to  200  eV  using  the  crossed-beams 


technique.  The  cross  sections  for  ln(1+)  were  possibly 
enhanced  by  indirect  ionization  processes.  The  exci- 
tation of  the  ion  from  the  4d(10)5S(2)  ground  state  to 
the  4d(9)5S(2)5P  state  followed  by  autoionization  has 
been  postulated.  The  ln(l+)  cross  sections  show  a 
peak  value  at  about  80  eV.  The  cross  sections  for 
Xe(1+)  peak  at  a  value  at  about  35  eV.  Also  presented 
are  ionization-rate  coefficients  and  fitting  parameters 
for  both  ions  for  temperatures  in  the  range  10(exp  4) 
K  =  or<T  =  or<  10(exp7)  K. 
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Two  calculations  are  presented  that  clarify  how  the 
density  profile  equilibrates  near  the  liquid-vapor  critical 
point.  Both  use  the  equation  of  heat  transfer  recently 
improved  to  account  for  the  large  compressibility  near 
the  critical  point.  Previous  work  by  others  indicated  that 
in  one  dimension  the  slowest  mode  of  this  equation  re- 
laxes at  a  rate  four  times  faster  than  that  predicted  by 
the  older,  usual  equation  of  heat  transfer.  However, 
this  is  not  always  true  in  higher  dimensions.  The  first 
calculation  demonstrates  this  for  the  cases  of  isobaric 
modes  excited  by  temperature  gradients  in  a  rectangle 
and  in  a  thin  disk.  For  thin  experimental  cells  with  iso- 
thermal walls  the  slowest  mode  is  accurately  estimated 
by  the  usual  heat-transfer  equation.  The  second  cal- 
culation indicates  that  gravity-induced  stratification 
plays  an  insignificant  role  in  determining  the  final  relax- 
ation rate.  This  is  done  by  estimating  the  size  of  the 
V  (center  dot)  Del  P  term  in  the  improved  heat-transfer 
equation. 
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The  electrostatic  modes  of  a  non-neutral  plasma  con- 
fined in  a  Penning  or  Paul  (rf)  trap  are  discussed  in 
the  limit  that  the  Debye  length  is  small  compared  to 
the  plasma  dimensions,  and  the  plasma  dimensions 
are  small  compared  to  the  trap  dimensions.  In  this  limit, 
the  plasma  shape  is  spheroidal  and  analytic  solutions 
exist  for  all  of  the  modes.  The  solutions  for  the  modes 
of  a  Paul-trap  plasma  are  a  special  case  of  the  modes 
of  a  Penning-trap  plasma.  A  simple  derivation  of  some 
of  the  low-order  quadrupole  modes  is  given.  Experi- 
mental measurements  of  these  mode  frequencies  on 
plasmas  of  laser-cooled  Be(+)  ions  in  a  Penning  trap 
agree  well  with  the  calculations.  A  general  discussion 
of  the  higher-order  modes  is  given.  The  modes  provide 
a  nondestructive  method  for  obtaining  information  on 
the  plasma  density  and  shape.  In  addition,  they  may 
provide  a  practical  limit  to  the  density  and  number  of 
charged  particles  that  can  be  stored  in  a  Penning  trap. 
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A  dynamic  (subsecond)  technique  is  described  for 
measuring  normal  spectral  emissivity  of  electrically 
conducting  solids  at  high  temperatures,  primarily  in  the 
range  1800  K  up  to  near  their  melting  point.  The  basic 
method  involves  resistively  heating  a  tubular  specimen 
from  ambient  temperature  through  the  temperature 
range  of  interest  in  less  than  1  s  by  passing  an  elec- 
trical current  pulse  through  it,  while  using  a  high-speed 
spatial  scanning  pyrometer  to  measure  spectral  radi- 
ance temperatures  along  a  25-mm  length  on  the  speci- 
men. This  portion  of  the  specimen  includes  a  small  rec- 
tangular hole  that  approximates  a  blackbody  cavity. 
Measurements  of  spectral  radiance  temperature  of  the 
specimen  surface  as  well  as  specimen  true  tempera- 
ture enable  the  determination  of  the  normal  spectral 
emissivity  of  the  surface  via  Planck's  law.  The  applica- 
bility of  the  technique  is  demonstrated  by  measure- 
ments performed  on  molybdenum  in  the  range  1900- 
2850  K. 
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Multiple  mirror  reflection  at  small  grazing  angles  from 
the  smooth  surfaces  of  the  narrow  channels  of 
polycapillary  fibers  can  be  used  to  transport,  bend,  and 
focus  thermal  neutron  beams.  We  report  the  results  of 
the  focusing  of  a  polychromatic  cold  neutron  beam 
using  a  compact  lens  of  borosilicate  fibers  and  with  a 
focal  distance  of  57  mm.  The  intensity  profile  of  the 
beam  at  the  focus  is  approximately  conical  in  shape 
with  a  full  width  at  half-maximum  of  0.49  mm,  and  with 
an  average  gain  in  intensity  of  about  20.  These  experi- 
mental results  agree  well  with  those  obtained  by  com- 
puter simulation. 
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Well  known  physical  effects,  such  as  optical  pumping 
and  light-shifts,  have  unexpectedly  conspired  to  im- 
prove, by  orders  of  magnitude,  the  performances  of 
laser  cooling  and  to  produce  the  lowest  kinetic  tem- 
peratures ever  measured. 
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The  spectral  and  spatial  profiles  of  atomic  hydrogen 
emission  (the  Balmer  lines  H(alpha)  and  H(beta))  from 
a  low-pressure  rf  (13.56  MHz)  discharge  in  H2  +  Ar 
mixtures  have  been  studied.  The  plasma  emission  was 
observed  in  a  direction  normal  to  the  applied  electric 
field.  The  H(alpha)  profiles  exhibit  central  narrow  com- 
ponents and  wide  components  which  are  due  to  Dopp- 
ler  broadening.  Comparisons  of  the  H(alpha)  profiles 
in  a  pure  hydrogen  plasma  with  those  in  H2  +  Ar  mix- 
tures show  that  collisions  of  molecular  hydrogen  ions 
and  hydrogen  atoms  with  argon  atoms  play  a  signifi- 
cant role  in  the  production  of  the  H(alpha)  profile 
shapes. 
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The  generalized  Ramsauer-Townsend  minima  which 
occur,  at  certain  scattering  angles,  in  the  intensity  of 
electrons  elastically  scattered  by  atoms  have  been  a 
subject  of  interest  in  atomic  physics  for  over  sixty 
years.  While  quantum  mechanical  calculations  predict 
these  minima  with  great  accuracy,  no  clear,  simple,  in- 
tuitively appealing  description  of  the  underlying  scatter- 
ing processes  has  been  given.  It  is  shown  here  for  the 
first  time  that  simple  semiclassical  calculations  provide 
such  a  description. 
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The  scattering  of  X-rays  and  gamma-rays  are  events 
that  have  strong  dependencies  on  the  polarization  of 
the  incident  and  scattered  photons.  Because  of  this, 
scattering  problems  that  can  be  solved  without  explicit 
reference  to  the  state  of  polarization  of  the  incident  and 
scattered  radiation  are  exceptional.  This  article  reviews 
available  information  on  polarization  effects  arising 
when  photons  in  the  X-ray  and  gamma-ray  regime  un- 
dergo photoelectric  effect,  coherent  (Rayleigh)  scatter- 
ing and  incoherent  (Compton)  scattering  by  atomic 
electrons.  In  addition  to  descriptions  and  discussion  of 
these  effects,  we  study  the  backscattering  of  gamma- 
rays  from  an  infinite  thickness  target  excited  with  a 
plane  slant  monodirectional  and  monochromatic 
source,  using  the  Boltzmann  transport  theory  and  the 
mathematical  representation  of  polarization  introduced 
by  Stokes.  Results  from  this  model,  for  both 
unpolarized  and  polarized  gamma-ray  sources,  are 
compared  with  computations  performed  neglecting  or 
averaging  polarization  effects,  showing  the  limitations 
of  such  approximations. 
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A  multi-body  graphite  calorimeter  has  been  designed 
for  the  absolute  calibration  of  high-intensity  electron 
beams  in  the  energy  regime  of  2  to  12  MeV.  This  novel 
calorimeter  consists  of  eight  thermally  and  electrically 
insulated  disks  of  high-purity  graphite  that  serve  as  the 
active  calorimetric  bodies,  arranged  in  a  stacked  array 
and  oriented  so  that  the  flat  surfaces  are  perpendicular 
to  the  electron-beam  axis.  Calibrated  thermistors 
imbedded  in  the  disks  act  as  temperature  sensors.  The 
temperature  of  each  disk  is  measured  in  real-time  dur- 
ing irradiation  by  a  scanning  multichannel  digital  meter 
interfaced  with  a  computer-based  data  acquisition  sys- 
tem. The  resultant  data  provide  a  depth-dose  profile 
from  which  the  electron  energy  can  be  calculated. 
Calorimeters  of  this  type  would  be  useful  in  standardiz- 
ing the  absorbed  dose  to  passive  routine  dosimeters 
in  the  range  of  100  Gy  to  50  kGy,  typical  of  that  deliv- 
ered by  industrial  processing  electron  beams. 
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When  a  quantum  state  is  subjected  to  a  measurement 
and  the  state  is  not  an  eigenstate  of  the  dynamical  vari- 
able being  measured,  the  outcome  is  unpredictable. 
Only  the  probabilities  of  the  various  possible  outcomes 
are  predicted  by  theory.  This  phenomenon  is  some- 
times discussed  in  terms  of  'wavefunction  collapse.' 
Trapped  ions  can  be  used  for  real,  as  opposed  to 
'gedanken'  demonstrations  of  this  basic  process.  In  the 
experiments  described  here,  a  single  ion,  or  a  few 
identical  ions,  were  prepared  in  well  defined 
superpositions  of  two  internal  energy  eigenstates.  The 
populations  of  the  energy  levels  were  then  measured. 
When  the  state  amplitudes  were  equal,  the  population 
fluctuations  were  greater  than  when  one  of  the  ampli- 
tudes was  nearly  zero,  in  agreement  with  the  pre- 
dictions of  quantum  mechanics.  In  other  experiments, 
such  as  those  with  atomic  beams,  the  number  of  atoms 
under  observation  fluctuates,  and  this  obscures  the 
fluctuations  from  other  sources.  However,  if  the  num- 
ber of  atoms  is  small  and  constant,  the  fundamental 
quantum  mechanical  fluctuations  can  be  observed. 
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Recent  developments  in  laser  cooling  and  trapping  of 
neutral  atoms  have  opened  the  new  field  of  atomic  col- 
lisions at  ultracold  temperatures,  T  <  1  mk.  This  field 
offers  many  new  challenges  and  opportunities  for  both 
theory  and  experiment  in  the  general  area  of  spectral 
line  shapes.  We  will  outline  here  some  of  the  key  prob- 
lems in  this  field,  and  present  calculations  on  several 
collisional  processes  which  have  been  observed  in 
atom  traps.  First  the  very  unusual  energy,  time  and  dis- 
tance scales  encountered  in  ultracold  collisions  will  be 
described.  Second,  the  molecular  physics  of  excited 
plus  ground  alkali  dimers  will  be  examined,  and  the  T- 
dependent  rate  coefficients  will  be  calculated  for  proc- 
esses which  lead  to  loss  of  alkali  atoms  from  an  atom 
trap.  Finally,  a  new  kind  of  free-bound  molecular  spec- 
troscopy, photoassociation  spectroscopy,  will  be  de- 


scribed which  should  permit  the  observation  of  long 
range  molecular  bound  states  extremely  close  to  the 
molecular  dissociation  limit. 
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We  report  results  of  a  study  of  the  non-uniqueness  of 
the  ITS-90  at  temperatures  in  the  range  13.8033  K  to 
933.473  K  (660.323  C)  of  a  variety  of  capsule-type  and 
long-stem  type  standard  platinum  resistance  thermom- 
eters (SPRTs).  The  capsule  SPRTs  were  calibrated  by 
comparison  techniques  and  at  some  fixed  points  of  the 
ITS-90;  the  long-stem  SPRTs  were  calibrated  at  the 
relevant  defining  fixed  points.  In  addition,  we  present 
results  on  subrange  inconsistencies  for  several  partly 
overlapping  ranges  of  the  ITS-90.  Error  propagation 
curves  and  errors  introduced  by  extrapolations  will  be 
discussed  also. 
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Electron  spin  resonance  (ESR)  spectrometry  has  at- 
tracted attention  in  radiation  processing.  Not  only  is 
ESR  analysis  of  alanine  achieving  success  as  a  ref- 
erence dosimetric  system,  but  ESR  also  provides  a 
means  of  evaluating  short-  and  long-term  effects  of  ra- 
diation on  polymers,  composites  and  ceramics,  and  in 
the  post-irradiation  analysis  and  imaging  of  absorbed 
dose  in  teeth  and  bone.  The  broad  range  of  doses 
(10(exp  -1)  -  10(exp  8)  Gy)  and  dose  rates  (up  to 
10(exp  8)  Gy/s)  measurable  with  relatively  high  preci- 
sion and  accuracy,  and  the  small  size,  ruggedness, 
and  inexpensiveness  of  sensor  materials,  such  as  L- 
alpha-alanine  pellets  and  films  and  other  sensor  mate- 
rials (e.g.,  hydroxyapatite,  sugar,  quartz,  cellulose, 
etc.),  make  ESR  dosimetry  attractive  for  radiation  steri- 
lization dosimetry,  radiation  treatment  planning,  nu- 
clear medicine  dosimetry,  food  irradiation  and  the 
study  of  radiation  effects  on  materials.  Within  the  next 
few  years,  there  may  well  be  impact  of  this  ESR-based 
analysis  on  international  radiation  standards  practices 
and  2D  and  3D  imaging  of  radiation  dose  distributions, 
especially  as  the  trend  toward  lowering  the  cost  of  the 
analytical  equipment  and  simplifying  its  operation  con- 
tinues. ESR  dosimetry  may,  in  fact,  be  the  future  meth- 
od of  choice  for  interlaboratory  transfer  metrology, 
process  validation,  and  measurement  quality  assur- 
ance. 
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A  dynamic  technique  has  been  used  in  a  microgravity 
environment  to  measure  the  surface  tension  of  tanta- 
lum at  its  melting  point.  The  basic  method  involves 
resistively  heating  a  tubular  specimen  from  ambient 
temperature  to  temperatures  above  its  melting  point  in 
about  1  s  by  passing  an  electrical  current  pulse  through 
it,  while  simultaneously  measuring  the  pertinent  experi- 
mental quantities  with  millisecond  resolution.  A  bal- 
ance between  the  magnetic  and  the  surface  tension 
forces  acting  on  the  specimen  is  achieved  by  splitting 
the  current  after  it  passes  through  the  specimen  tube 
and  returning  a  fraction  of  the  current  along  the  tube 
axis  and  the  remaining  fraction  concentrically  outside 
of  the  specimen.  Values  for  surface  tension  are  deter- 
mined from  measurements  of  the  equilibrium  dimen- 
sions of  the  molten  specimen  tube  and  the  magnitudes 
of  the  currents.  Rapid  melting  experiments  were  per- 
formed during  microgravity  simulations  with  NASA's 
KC-1 35  aircraft  and  the  results  were  analyzed,  yielding 
a  value  of  2.07  +  or  -  0.06  N/m  for  the  surface  tension 
of  tantalum  at  its  melting  point. 
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Angle-resolved  ratios  of  the  separate  triplet  and  singlet 
spin  channel  cross  sections  have  been  measured  for 
elastic  scattering  of  spin-polarized  electrons  from  opti- 
cally pumped  spin-polarized  sodium  atoms.  The  triplet- 
to-singlet  ratios  are  reported  at  incident  energies  of 
4.1,  10.0,  and  20.0  eV  for  scattering  angles  from  20 
deg  to  140  deg.  The  data  demonstrate  that  spin-ex- 
change scattering  plays  an  important  role  in  the  de- 
scription of  electron  scattering  from  sodium  at  these 
energies.  Comparisons  are  made  with  the  results  of 
several  close-coupling  theoretical  calculations. 
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We  investigate  the  effect  of  a  longitudinal  magnetic 
field  on  the  orientational  cooling  mechanism  that  oper- 
ates both  in  sigma(+)  -  sigma(-)  optical  molasses  and 
in  a  magneto-optical  trap.  For  an  atom  with  different 
Lande  g  factors  in  its  ground  and  excited  states,  single- 
photon  scattering  and  stimulated  Raman  scattering  are 
resonant  at  different  field-dependent  velocities.  The 
sharp  polarization-gradient  feature  in  the  force-versus- 
velocity  curve  may  therefore  be  translated  to  a  velocity 
at  which  the  Doppler  force  is  dominant.  In  addition  to 
this,  we  find  that  the  momentum  diffusion  coefficient 
can  grow  as  the  field  is  increased.  By  numerically  solv- 
ing a  semiclassical  Fokker-Planck  equation,  we  show 
that  these  effects  lead  to  a  field-induced  inhibition  of 
efficient  sub-Doppler  cooling  for  atoms  with  unequal  g 
factors.  Our  treatment  also  enables  us  to  discuss  other 
phenomena  that  are  accessible  only  if  both  Doppler 
and  polarization-gradient  effects  are  included  in  the 
calculation. 
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Kinetic-energy  distributions  are  presented  for  ions 
sampled  from  13.56-MHz  discharges  in  argon  in  a  ca- 
pacitively-coupled,  parallel-plate,  Gaseous  Electronics 
Conference  (GEC)  radio-frequency  reference  cell.  The 
cell  was  modified  to  allow  sampling  of  ions  through  an 
orifice  in  the  grounded  electrode.  Kinetic-energy  dis- 
tributions are  presented  for  Ar(1+),  Ar(2+),  Ar2(1+), 
and  ArH(1+),  and  several  trace  ions  for  plasma  pres- 
sures ranging  from  1.3  Pa,  where  ion-atom  collisions 
in  the  plasma  sheath  are  not  important,  to  33.3  Pa, 
where  collisions  are  important.  Applied  peak-to-peak 
radio-frequency  (rf)  voltages  of  50,  100,  and  200  V 
were  used,  and  the  current  and  voltage  waveforms  at 
the  powered  electrode  were  measured.  Dependences 
of  the  ion  fluxes,  mean  energies,  and  kinetic-energy 
distributions  on  gas  pressure  and  applied  rf  voltage  are 
interpreted  in  terms  of  possible  ion-collision  processes. 
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We  report  on  the  application  of  low  pressure  ion  beam 
sputtering  combined  with  simultaneous  (neutralized) 
ion  beam  polishing  to  the  production  of  multilayer 
structures  for  x-ray  optics.  Initial  examination  of  these 
structures  by  high  resolution  diffractometry  at  0.154  nm 
indicates  that  the  structures  exhibit  a  high  degree  of 
structural  perfection. 
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We  agree  with  the  Comment  by  Maniak  and  Curtis 
(Phys.  Rev.  Al  (1 990))  that  qualitative  isoelectronic  be- 
havior of  low-lying  energy  levels  of  sulfur-like  ions  with 
high  nuclear  charges,  Z,  can  easily  be  understood 
using  single  jj  configuration  labels.  However,  such  la- 
bels are,  in  general,  useful  only  for  high-Z  ions.  We 
do  not  recommend  mixing  numerical  results  from 
multiconfiguration  calculations  with  those  from  single 
configuration  calculations  because  such  a  mixed 
usage  may  introduce  artificial  discontinuities  in  Z  de- 
pendence, defeating  the  main  advantage  of  studies 
along  an  isoelectronic  sequence. 
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High  resolution  imaging  of  magnetic  microstructure 
has  important  ramifications  for  both  fundamental  stud- 
ies of  magnetism  and  the  technology  surrounding  the 
magnetic  recording  industry.  A  focused  beam  of  elec- 
trons excites  secondary  electrons  on  a  ferromagnet's 
surface.  The  secondaries  leave  the  solid  with  an  elec- 
tron spin  polarization  which  is  characteristic  of  the  net 
spin  density  in  the  ferromagnet.  This  is  related  directly 
to  the  sample  magnetization.  By  scanning  the  beam 
and  analyzing  the  secondary  electron  spin  polarization 
at  each  point,  a  magnetization  map  of  the 
ferromagnet's  surface  is  generated. 
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The  authors  present  the  results  of  an  extensive  study 
of  the  effect  of  a  filter  upon  the  performance  of  a  resis- 
tive SQUID  noise  thermometer  used  to  define  an  abso- 
lute temperature  scale  below  1  K.  Agreement  between 
the  model  for  this  effect  and  the  experimental  results 
indicates  that  the  temperature  scale  defined  by  this 
noise  thermometer  is  accurate  to  0.1%. 
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The  authors  present  the  results  of  an  extensive  study 
of  the  effect  of  a  filter  upon  the  performance  of  a  resis- 
tive SQUID  noise  thermometer  used  to  define  an  abso- 
lute temperature  scale  below  1  K.  Agreement  between 
the  theory  and  the  experiment  indicates  that  the  scale 
defined  by  this  noise  thermometer  is  accurate  to  0.1%. 
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The  accurate  characterization  of  the  surface  density  of 
thin  deposits  is  of  highest  importance  in  certain  experi- 
ments. However,  if  accuracies  better  than  +  or  -  0.5% 
are  to  be  quoted,  careful  consideration  of  secondary 
effects  is  necessary,  as  these  effects  may  generate  se- 
rious errors.  The  details  of  the  radial  surface  density 
distribution,  the  formation  of  edge  effects,  and  the  eval- 
uation of  effective  deposit  diameters  are  discussed  for 
the  case  of  measurements  and  observations  made 


462 


PHYSICS 


General 


during  the  preparation  and  characterization  of  (6)LiF 
and  (10)B  reference  deposits,  which  were  employed 
in  a  recent  determination  of  the  free  neutron  lifetime. 
Theoretical  considerations  are  in  excellent  agreement 
with  the  experimental  data  obtained. 
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We  assess  the  accuracy  of  the  theories  of  the  Joseph- 
son  and  quantum  Hall  effects  by  testing  precisely  the 
exactness  of  the  theoretically  predicted  relations  K(J) 
=  2e/h  and  R(K)  =  h/e(squared),  where  K(J)  and  R(K) 
are  the  phenomenological  Josephson  and  von  Klitzing 
constants,  respectively.  Using  the  reported  results  of 
the  most  accurate  determinations  of  various  fun- 
damental constants  and  related  quantities  currently 
available,  we  find  K(J)/(2e/h)  =  1  -  (219  +  or  -  103)  X 
10(exp  -9)  and  R(K)/(h/e(squared))  =  1  +  (60  +  or  -  22) 
X  10(exp  -9).  If,  as  theory  predicts,  the  relations  are 
assumed  to  be  exact,  quantum  electrodynamics  (QED) 
may  be  tested  precisely  by  comparing  the  QED  value 
of  tine  inverse  fine-structure  constant  obtained  from  the 
electron  magnetic  moment  anomaly,  with  the  essen- 
tially QED-independent  value  derived  from  all  of  the 
other  data. 
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We  have  developed  a  heterodyne  detector  to  measure 
the  power  spectrum  of  the  resonance  fluorescence 
from  laser  cooled  atoms.  With  this  detector  we  have 
demonstrated  that  cooled  atoms  can  be  localized  in  a 
three-dimensional  optical  standing  wave.  We  have 
also  used  it  to  measure  the  temperature  of  the  atoms 
in  optical  molasses  and  our  results  are  consistent  with 
those  measured  by  other  methods. 
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We  have  a  heterodyne  technique  to  observe  the  spec- 
trum of  resonance  fluorescence  from  sodium  atoms  in 
optical  molasses.  The  spectra  show  a  very  narrow  fea- 
ture which  we  attribute  to  Dicke  narrowing  of  the  fluo- 
rescence of  atoms  localized  to  less  than  a  wavelength 
in  three  dimensional  potential  wells. 
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When  niobium  is  used  as  a  fast  neutron  monitor,  the 
isotopes  (93m)Nb  and  (92m)Nb  are  produced.  Much 
interest  has  been  placed  on  the  (93)Nb(n,n')  (93m)Nb 
reaction  because  of  the  long  half  life  of  the  product  iso- 
tope and  the  low  threshold  energy  of  the  reaction.  On 
the  other  hand,  the  (93)Nb(n,2n)  (92m)Nb  reaction 
product  has  a  half  life  of  10.1  days  and  the  reaction 
has  a  threshold  energy  of  about  9  MeV.  It  is  useful  for 
relatively  short  irradiations  and  for  cases  in  which  infor- 
mation is  desired  about  high  energy  neutrons,  such  as 
in  fusion  applications.  The  spectrum-averaged  cross 
section  for  the  reaction  (93)Nb(n,2n)  (92m)Nb  in  a 
(235)U  fission  spectrum  has  been  measured.  The 
measured  value  is  0.433  +  or  -  0.01 7  mb.  Comparisons 
are  made  with  calculated  values. 
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Metrology  is  the  science  of  measurement,  and  if  broad- 
ly construed  would  encompass  the  bulk  of  experi- 
mental physics.  The  term  is  usually  used  in  a  more  re- 
stricted sense  to  refer  to  that  portion  of  measurement 
science  used  to  provide,  maintain,  and  disseminate  a 
consistent  set  of  units;  to  provide  support  for  the  en- 
forcement of  equity  in  trade  by  weights  and  measures 
laws;  or  as  an  adjunct  to  quality  control  In  manufactur- 
ing. 
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Eckhardt  et  al  (1988)  point  out  that  gravity  measure- 
ments on  towers  provide  a  straightforward  way  of  test- 
ing Newton's  inverse  square  law  of  gravitation,  whose 
validity  in  the  distance  range  of  10-1000  m  has  been 
repeatedly  questioned  during  the  last  decade. 
Eckhardt  et  al  (loc.  cit.)  and  Romaides  et  al  (1989) 
have  interpreted  their  measurements  on  the  600  m 
WTVD  tower  in  North  Carolina  as  evidence  for  non- 
Newtonian  gravitation.  This  paper  describes  a  similar 
experiment  using  a  300  m  meteorological  tower  at  Erie 
on  the  plains  of  Colorado  some  20  km  east  of  Boulder. 
Gravity  was  measured  at  eight  levels  and,  in  contrast 
with  the  results  from  North  Carolina,  these  measure- 
ments are  in  excellent  agreement  with  values  obtained 
by  upward  continuation  of  surface  values  using  New- 
ton's inverse  square  law. 
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We  report  the  observation  of  interference  in  the  reso- 
nance fluorescence  of  two  localized  atoms  irradiated 
by  laser  light.  The  fringe  visibility  can  be  explained  in 
terms  of  X-ray  scattering  by  a  harmonic  crystal  and  by 
simple  'which-path'  arguments  for  the  scattered  pho- 
tons. Polarization-sensitive  detection  of  the  resonance 
fluorescence  demonstrates  complementarity  without 
invoking  the  position-momentum  uncertainty  relation. 
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The  paper  describes  an  instrument  and  experiments 
for  calibrating  forces  encountered  with  atomic  force  mi- 
croscopes (AFMs)  and  nanohardness  instruments. 
Calibration  needs  of  such  instruments  are  examined 
and  a  prototype  calibration  instrument  is  briefly  intro- 
duced. Our  force  balance  performs  nulling  measure- 
ments using  a  capacitance  gage  for  displacement  de- 
tection, a  magnet  and  coil  actuator  for  application  of 
nulling  forces  and  a  Proportional  Integral  Derivative 
(PID)  control  system.  Experiments  using  electrical 
power  measurements  to  calibrate  the  force  balance 
magnet  and  coil  actuator  are  described.  Our  experi- 
ments were  modeled  after  Absolute  Ampere  and  kilo- 
gram comparisons  to  S1  electrical  units.  Actual  applied 
forces  of  tens  of  microNewtons  were  compared  against 
the  electrical  calibrations  to  an  agreement  of  approxi- 
mately 3%.  For  forces  of  tens  of  microNewtons,  type 
A  uncertainties  of  approximately  14  nN  were  observed 
with  estimated  type  B  uncertainties  of  about  1.7%  as 
a  coefficient  of  variation  (CV). 
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Laser  cooling  techniques  which  have  been  applied  to 
trapped  ions  are  reviewed.  We  describe  cooling  in 
terms  of  mode  coupling  by  a  parametric  drive.  Experi- 
ments and  theory  which  illustrate  Doppler  cooling,  re- 
solved-sideband cooling,  and  Sisyphus  cooling  are  de- 
scribed. Differences  of  laser  cooling  in  Penning  and 
Paul  traps  are  discussed.  Sympathetic  cooling  of  one 
ion  species  by  another  Is  also  discussed. 
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We  have  operated  a  five-junction  electron  pump  with 
an  error  for  transferring  electrons  of  approximately  0.5 
part  per  10(exp  6).  The  error  predicted  from  existing 
theory  is  several  orders  of  magnitude  smaller,  thus  im- 
plying that  our  present  understanding  of  the  Coulomb 
blockade  is  incomplete.  We  conjecture  that  the  errors 
arise  from  photon-assisted  tunneling,  where  the  pho- 
ton energy  is  supplied  by  noise  from  the  environment. 
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These  lecture  notes  summarize  the  work  performed  by 
the  Ion  Storage  group  of  NIST  in  the  year  preceeding 
July,  1991 .  Specific  topics  discussed  are  (1)  the  meas- 
urement of  a  hyperfine  pressure  shift  in  (9)Be(1+);  (2) 
construction  and  testing  of  a  Paul  trap  with  linear  ge- 
ometry; (3)  density  limitations  in  a  Penning  trap;  (4)  a 
search  for  anomalous  spin-dependent  forces  using 
spectroscopy  of  (9)Be(1+)  ions;  (5)  the  theory  of  Sisy- 
phus cooling  for  a  bound  atom;  (6)  the  observation  of 
'atomic  projection'  noise;  (7)  a  precision  measurement 
of  the  g(j)  factor  of  Mg(1+);  (8)  subharmonic  excitation 
of  a  single  electron;  (9)  observation  of  time  varying  ra- 
diation pressure  forces;  and  (10)  high  resolution  optical 
spectroscopy  of  (1 99)Hg(1  +)  ions. 
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Techniques  for  obtaining  high-resolution  atomic  spec- 
tra of  laser-cooled  ions  are  illustrated  by  on-going  ex- 
periments at  NIST.  In  one  experiment,  an  rf  oscillator 
is  locked  to  a  nuclear  spin-flip  hyperfine  transition  (fre- 
quency approx  =  3.03  X  10(exp  8)  Hz)  in  (9)Be(1+) 
ions  which  are  stored  in  a  Penning  trap  and  sympa- 
thetically laser-cooled.  Stability  is  better  than  3  X 
10(exp  -12)  tau  (sup  -1/2)  and  uncertainty  in  Doppler 
shifts  is  estimated  to  be  less  than  5  X  10(exp  -15).  In 
a  second  experiment,  a  stable  laser  is  used  to  probe 
an  electric  quadrupole  transition  (frequency  approx  = 
1.07  X  10(exp  15)  Hz)  in  a  single  laser-cooled 
(199)Hg(1+)  ion  stored  in  a  Paul  trap.  The  measured 


Q  value  of  this  transition  is  approximately  10(exp  13). 
Future  possible  experiments  are  also  discussed. 
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We  examine,  theoretically,  the  feasibility  of  producing 
a  sample  of  cold  (=  or  <  4  K),  high-density  (approx 
1 0(exp  1 0)/cc)  positrons  in  a  Penning  trap.  We  assume 
(9)Be(1+)  ions  are  first  loaded  into  the  trap  and  laser- 
cooled  to  approximately  10  mK  where  they  form  a  uni- 
form density  column  centered  on  the  trap  axis. 
Positrons  from  a  moderator  are  then  injected  into  the 
trap  along  the  direction  of  the  magnetic  field  through 
an  aperture  in  one  endcap  of  the  trap  so  that  they  inter- 
sect the  (9)Be(1+)  column.  Positron/(9)Be(1+)  Cou- 
lomb collisions  extract  axial  energy  from  the  positrons 
and  prevent  them  from  escaping  back  out  the  entrance 
aperture.  Cooling  provided  by  cyclotron  radiation  and 
sympathetic  cooling  with  the  laser-cooled  (9)Be(1+) 
ions  causes  the  positrons  to  eventually  coalesce  into 
a  cold  column  along  the  trap  axis.  We  present  esti- 
mates of  the  efficiency  for  capture  of  the  positrons  and 
estimates  of  densities  and  temperatures  of  the  result- 
ing positron  column.  Positrons  trapped  in  this  way  may 
be  interesting  as  a  source  forantihydrogen  production, 
as  an  example  of  a  quantum  plasma,  and  as  a  possible 
means  to  produce  a  bright  beam  of  positrons  by  leak- 
ing them  out  along  the  axis  of  the  trap. 
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A  two  stage,  position  stabilized  vibration  isolation  sys- 
tem has  been  constructed  and  is  now  in  operation  at 
the  Cold  Neutron  Research  Facility  of  the  National  In- 
stitute of  Standards  and  Technology,  Gaithersburg, 
Md.  The  system  employs  pneumatic  isolators  with  a 
multiple  input/multiple  output  pneumatic  servo  system 
based  upon  pulse  width  modulation  control  loops.  The 
first  stage  consists  of  a  40,000  kg  reinforced  concrete 
table  supported  by  pneumatic  isolators.  A  large  envi- 
ronmentally isolated  laboratory  enclosure  rests  on  the 
concrete  table.  The  second  stage  consists  of  a  3000 
kg  granite  optical  table  located  within  the  enclosure 
and  supported  by  another  set  of  pneumatic  isolators. 
The  position  of  the  two  stages  is  monitored  by  proxim- 
ity sensors  and  inclinometers  with  12  degrees  of  free- 
dom. The  system  controls  12  independent  pneumatic 
airsprings.  The  signals  from  these  sensors  are  fed  into 
a  personal  computer  based  control  system.  The  control 
system  has  maintained  the  position  of  the  two  stages 
to  better  than  1  micrometer  in  translation  and  5 
(micro)rad  in  orientation  for  a  period  of  a  few  months. 
A  description  of  the  system  and  its  characteristics  is 
given. 
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Experimental  measurements  of  some  of  the  low  order 
electrostatic  modes  of  a  nonneutral  plasma  of 
(9)Be(1+)  ions  stored  in  a  Penning  trap  are  discussed. 
The  ions  are  laser-cooled  and  typically  are  strongly 
coupled  with  couplings  as  large  as  200  to  300.  The 
measured  mode  frequencies  agree  well  with  a  cold 
fluid  calculation.  The  modes  provide  a  nondestructive 
method  for  obtaining  information  on  the  plasma  density 
and  shape.  In  addition,  the  mode  excitation  by  field 
asymmetries  may  provide  a  practical  limit  to  the  den- 
sity and  number  of  charged  particles  that  can  be  stored 
in  a  Penning  trap.  Future  measurements  of  the  damp- 
ing of  the  modes  should  provide  information  on  the 
plasma  viscosity  in  a  strongly  correlated  plasma. 
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Experimental  work  which  uses  Penning  and  Paul  traps 
to  confine  non-neutral  ion  plasmas  is  discussed.  Pen- 
ning traps  use  a  static  uniform  magnetic  field  and  a 
static  electric  field  to  confine  ions.  The  Paul  trap  uses 
the  ponderomotive  force  from  inhomogeneous  radio- 
frequency  fields  to  confine  ions  to  a  region  of  minimum 
field  strength.  In  many  atomic  physics  experiments, 
these  traps  are  designed  to  produce  a  harmonic  restor- 
ing force  for  small  numbers  of  stored  ions  (<  10,000). 
Under  these  conditions  and  at  low  temperatures,  both 
traps  produce  plasmas  with  simple  shapes  whose 
mode  properties  can  be  calculated  exactly.  Laser  cool- 
ing has  been  used  to  reduce  the  temperature  of 
trapped  ions  to  less  than  10  mK  with  ion  spacings  less 
than  20  micrometers.  At  such  temperatures  and 
interion  spacings,  the  Coulomb  potential  energy  be- 
tween nearest  neighbor  ions  is  greater  than  the  ion 
thermal  energy  and  the  ions  exhibit  spatial  correlations 
characteristic  of  a  liquid  or  crystal.  Laser  beams  also 
apply  a  torque  which,  by  changing  the  plasma  angular 
momentum,  changes  the  plasma  density.  Atomic 
clocks  are  an  important  application  of  ion  trap  plasmas. 
Better  control  of  the  plasma  dynamics  will  reduce  fluc- 
tuations in  the  relativistic  time  dilation,  yielding  better 
clocks. 
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We  describe  a  spectrometer  system  developed  for 
electron,  ion,  and  X-ray  spectroscopy  of  gas-phase 
atoms  and  molecules  following  inner-shell  excitation  by 
tunable  synchrotron  radiation.  The  instrumentation  and 
experimental  methods  are  discussed,  and  examples 
are  given  of  electron  spectra  and  coincidence  spectra 
between  electrons  and  fluorescent  X-rays. 
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A  subset  of  the  electrostatic  modes  of  a  cold  cloud  of 
electrons,  a  non-neutral  electron  plasma,  trapped  in  a 
Penning  trap  has  been  observed  and  identified  using 
a  recent  theoretical  model.  The  detection  of  these 
modes  is  accomplished  using  electronic  techniques 
which  could  apply  to  any  ion  species.  The  modes  are 
observed  in  the  low-density,  low-rotation  limit  of  the 
cloud  where  the  cloud  approaches  a  two-dimensional 
charged  disk.  We  observe  both  axially  symmetric  and 
asymmetric  drumhead  modes.  The  shape,  rotation  fre- 
quency, and  density  of  the  cloud  are  found  in  a  real- 
time nondestructive  manner  by  measuring  the  fre- 
quency of  these  modes.  In  addition,  it  is  found  that 
radio-frequency  sideband  cooling  compresses  the 
cloud,  increasing  its  density.  The  ability  to  measure 
and  control  the  density  of  a  trapped  ion  cloud  might 
be  useful  for  experiments  on  low-temperature  ion-neu- 
tral-atom collisions,  recombination  rates,  and  studies 
of  the  confinement  properties  of  non-neutral  plasmas. 
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We  investigate  the  properties  of  angular-momentum 
states  which  yield  high  sensitivity  to  rotation.  We  dis- 
cuss the  application  of  these  'squeezed-spin'  or  cor- 
related-particle  states  to  spectroscopy.  Transitions  in 
an  ensemble  of  N  two-level  (or,  equivalently,  spin-1/ 
2)  particles  are  assumed  to  be  detected  by  observing 
changes  in  the  state  populations  of  the  particles  (popu- 
lation spectroscopy).  When  the  particles'  states  are  de- 
tected with  100%  efficiency,  the  fundamental  limiting 
noise  is  projection  noise,  the  noise  associated  with  the 
quantum  fluctuations  in  the  measured  populations.  If 
the  particles  are  first  prepared  in  particular  quantum- 
mechanically  correlated  states,  we  find  that  the  signal- 
to-noise  ratio  can  be  improved  over  the  case  of  initially 
uncorrected  particles.  We  have  investigated  spectros- 
copy for  a  particular  case  of  Ramsey's  separated  oscil- 
latory method  where  the  radiation  pulse  lengths  are 
short  compared  to  the  time  between  pulses. 
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Photoionization  of  the  CO  molecule  and  inner-valence 
states  of  C0(1+)  between  22  and  45  eV  have  been 


studied  by  means  of  photoelectron  spectroscopy  using 
both  synchrotron  radiation  and  He  II  radiation.  Vibra- 
tional structure  has  been  resolved  in  many  bands  up 
to  45  eV.  CASSCF  (complete  active  space  self-con- 
sistent field)  and  MRCI  (multireference  configuration 
interaction)  calculations  of  potential  curves  in  the  22- 
30  eV  range  have  been  performed  and  these  have 
been  used  to  predict  vibrational  levels  and  Franck- 
Condon  factors.  In  this  energy  range  three  valence 
states,  have  been  identified,  and  spectroscopic  con- 
stants have  been  determined  for  the  first  two  of  these. 
Above  30  eV,  all  valence  states  have  been  found  to 
be  repulsive.  In  addition  to  the  broad  bands  expected 
for  these  states,  several  progressions  of  narrow  lines 
are  observed,  most  probably  reflecting  transitions  to 
Rydberg  states. 
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A  variety  of  problems  in  materials  science  and  fluid  dy- 
namics require  the  solution  of  Laplace's  equation  in 
multiply  connected  domains.  Integral  equation  meth- 
ods are  natural  candidates  for  such  problems  as  they 
discretize  the  boundary  alone,  require  no  special  effort 
for  free  boundaries,  and  achieve  superalgebraic  con- 
vergence rates  on  sufficiently  smooth  domains  in  two 
space  dimensions,  regardless  of  shape.  Current  inte- 
gral equation  methods  for  the  Dirichlet  problem,  how- 
ever, require  the  solution  of  M  independent  problems 
of  dimension  N,  where  M  is  the  number  of  boundary 
components  and  N  is  the  total  number  of  points  in  the 
discretization.  In  this  paper,  we  present  a  new  bound- 
ary integral  equation  approach,  valid  for  both  interior 
and  exterior  problems,  which  requires  the  solution  of 
a  single  linear  system  of  dimension  N  +  M.  We  solve 
this  system  by  making  use  of  an  iterative  method 
(GMRES)  combined  with  the  fast  multipole  method  for 
the  rapid  calculation  of  the  necessary  matrix  vector 
products.  For  a  two-dimensional  system  with  200  com- 
ponents and  100  points  on  each  boundary,  we  gain  a 
speedup  of  a  factor  of  1 00  from  the  new  analytic  formu- 
lation and  a  factor  of  50  from  the  fast  multipole  method. 
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The  branching  ratio  technique  for  radiometric  calibra- 
tions in  the  vacuum  ultraviolet  spectral  region  is  briefly 
reviewed.  Lists  of  transitions  suitable  for  use  of  the 
technique  are  given  for  oxygen-like  species  (O  I  and 
Ne  III)  along  with  pertinent  data  for  their  application. 
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For  some  time,  laser  photoionization  has  been  used 
to  detect  low  concentrations  of  atoms,  molecules,  and 
radical  intermediates  in  a  variety  of  applications,  in- 
cluding analytical  chemistry,  combustion,  plasma  and 
CVD  diagnostics.  Several  of  these  studies  have  shown 
that  laser  photoionization  has  the  fundamental  sen- 
sitivity and  selectivity  necessary  for  species-specific 
partial  pressure  measurement  in  the  ultrahigh  vacuum 
regime.  This  body  of  work  has,  in  part,  spurred  interest 
in  the  application  of  laser  photoionization  to  measure- 
ments of  pressures  in  the  UHV  regime.  In  this  paper 
we  discuss  the  results  of  the  recent  research  con- 
ducted at  NIST  on  the  use  of  laser  photoionization  for 
quantitative  pressure  measurements  and  the  factors 
which  limit  the  pressure  measurements  based  upon 
this  technique. 
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We  have  observed  linear  'crystals'  of  up  to  tens  of 
laser-cooled  (199)Hg  (l+)  ions  in  a  new  cryogenic  lin- 
ear rf  ion  trap  that  operates  at  liquid  helium  tempera- 
ture and  is  designed  for  use  as  a  prototype  40.5  GHz 
frequency  standard  with  high  accuracy  and  stability. 
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A  flexible  polyimide  diaphragm  was  used  in  place  of 
the  usual  cantilever  for  atomic  force  microscopy.  Im- 
ages of  hard  disk  surface  features  are  presented,  dem- 
onstrating the  practicality  of  the  method. 
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A  detailed  comparison  is  made  between  the  32  cur- 
rently available  National  Institute  of  Standards  and 
Technology  (NIST)  bremsstrahlung  techniques  and  the 
41  International  Standards  Organization  (ISO)  brems- 
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strahlung  techniques  recommended  for  use  in  the  lat- 
est revision  of  ISO  Standard  4037.  The  comparison  is 
made  in  terms  of  measured  and  theoretical  spectral 
distributions,  and  measured  half-value  layers.  Some 
historical  background  on  the  choice  of  the  respective 
techniques  is  also  given.  With  the  goal  of  greater  inter- 
national uniformity,  a  program  is  underway  at  NIST  to 
implement  the  ISO  techniques.  The  scope  of  the  work 
and  the  current  status  of  this  effort  is  presented. 
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In  order  to  evaluate  materials  such  as  superconducting 
magnet  components  for  use  in  the  high-dose  radiation 
environment  of  the  large  recirculating  charged-particle 
accelerators  such  as  CERN's  Large  Hadron  Collider 
(Switzerland/France),  CEBAF  (Virginia),  HERA  (Ham- 
burg, Germany),  Fermilab's  Tevatron  (Illinois),  and  the 
recently  cancelled  Superconducting  Super  Collider 
(Texas),  a  study  of  the  radiation  resistance  of  these 
materials  was  carried  out.  These  materials  must  with- 
stand absorbed  doses  as  large  as  10(exp  7)  Gy  at  a 
temperature  of  4  K  and  were  tested  under  these  condi- 
tions using  an  electron  beam  from  a  20  MeV  linear  ac- 
celerator. This  paper  describes  the  dosimetry  at  such 
very  large  doses  and  how  the  dose  was  delivered  to 
the  samples. 
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Saturated-absorption  signals  on  the  calcium  657  nm 
transition  are  observed  by  direct  absorption  using 
diode  lasers  and  a  high  flux  atomic-beam  cell.  Line- 
widths  as  narrow  as  65  kHz  are  observed  with  a  high 
signal-to-noise  ratio.  Prospects  for  using  this  system 
as  a  compact  wavelength/frequency  reference  are 
considered. 
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We  have  developed  a  method  to  calculate  core  poten- 
tials for  quasi-one-electron  systems  and  the  cor- 
responding single  electron  orbitals.  It  is  shown  that  the 
approximate  inclusion  of  exchange  effects  between  the 


valence  electrons  and  the  core  removes  the  unphysical 
structure  in  the  potential  function  that  is  characteristic 
for  potentials  calculated  by  only  including  the  effect  of 
core  polarization  due  to  the  valence  electrons.  Excel- 
lent agreement  with  experimental  ionization  potentials 
is  achieved,  and  example  results  for  various  systems 
such  as  Na,  Cs,  Ba(1+),  In  and  Tl  are  presented. 
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We  have  demonstrated  an  order  of  magnitude  in- 
crease in  the  number  and  in  the  lifetime  of  magneto- 
optically  trapped  (87)Rb  atoms  collected  from  a  low- 
pressure  vapor.  The  improvement  results  from  the  re- 
duction of  light-assisted  collision  losses  and  is 
achieved  by  shelving  the  atomic  population  into  the 
lower  hyperfine  ground  state.  Large  fractional  popu- 
lations of  the  lower  hyperfine  ground  state  have  been 
obtained  by  blocking  the  hyperfine  repumping  light  in 
the  region  of  the  trapped  atoms  and  by  application  of 
laser  light  that  optically  pumps  the  atoms  into  that 
state.  We  have  observed  trap  lifetimes  in  excess  of  700 
s  at  our  highest  vacuum  levels.  At  the  rubidium  pres- 
sure that  maximizes  the  product  of  the  number  and  life- 
time of  trapped  atoms  we  observe  a  lifetime  of  240  s 
with  5  X  10(exp  7)  trapped  atoms,  under  conditions  for 
which  an  ordinary  magneto-optical  trap  has  a  lifetime 
of  only  1 4  s  with  3  X  1 0(exp  6)  atoms. 
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First  measurements  of  absolute  total  cross  sections  for 
electron-impact  excitation  of  an  intercombination  tran- 
sition to  a  nonradiating  state  of  an  ion  are  reported. 
The  cross  sections  for  near-threshold  excitation  of  the 
4s(2)  singlet  S  -->  4s4p  triplet  P  transition  of  Kr(6+) 
are  dominated  by  dielectronic  resonances.  The  meas- 
urements can  serve  as  a  benchmark  for  theoretical 
predictions  by  dielectronic  resonance  structure  in  the 
excitation  of  multicharged  ions. 
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The  discrepancy  between  previous  R-matrix  calcula- 
tions  using  fixed   boundary  conditions  and  the 


eigenchannel  method  for  the  photoionization  spectrum 
of  barium  is  resolved.  In  particular,  it  is  shown  that  the 
position  of  the  (6p(2))  singlet  S(0)  resonance  that  re- 
sults in  a  maximum  of  the  experimental  photoionization 
cross  section  near  44,800/cm  relative  to  the  (s(2)) 
singlet  S(0)  ground  state  of  barium  cannot  be  obtained 
by  a  standard  close-coupling  expansion  involving  only 
physical  bound  states;  instead,  the  correct  representa- 
tion of  short-range  correlation  effects  and  the  relax- 
ation of  the  6p  orbital  requires  the  inclusion  of  doubly 
excited  configurations  of  the  continuum-continuum 
type. 
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It  is  shown  how  the  results  of  a  recent  experiment  by 
Jiang,  Zuo,  Vuskovic,  and  Bederson  (Phys.  Rev.  Lett. 
68,  915  (1992)),  who  investigated  low-energy  electron 
scattering  from  laser-excited  polarized  sodium  atoms 
in  the  initial  (3p)  doublet  P(sub  3/2,  sup  0)  (F  =  3,  M(F) 
=  3)  state,  can  be  related  to  the  inelastic  3S  -->  3P 
transition  involving  initially  unpolarized  electron  and 
atom  beams.  Hence,  this  method  can  provide  an  inde- 
pendent check  of  the  traditional  electron-scattering  ex- 
periment with  unpolarized  beams. 
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We  report  here  the  first  experimental  study  of 
femtosecond  time-resolved  molecular  multiphoton  ion- 
ization. Femtosecond  pump-probe  techniques  are 
combined  with  time-of-flight  spectroscopy  to  measure 
transient  ionization  spectra  of  Na2  in  a  molecular- 
beam  experiment.  The  wave-packet  motions  in  dif- 
ferent molecular  potentials  show  that  incoherent  con- 
tributions from  direct  photoionization  of  a  singly  excited 
state  and  from  excitation  and  autoionization  of  a  bound 
doubly  excited  molecular  state  determine  the  observed 
transient  ionization  signal. 
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The  author  shows  that  neither  local  nonuniform  classi- 
cal acceleration  nor  spatial  separation  of  the  quantized 
spin  components  plays  an  essential  role  in  a  number 
of  neutron  interferometer  experiments  designed  to  de- 
tect phases  phi(+-)(B,  E)  akin  to  the  Aharonov-Bohm 
phases.  These  neutral  particle  phases,  which  simply 
manifest  quantum  interference  in  spin  space,  can  also 
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be  detected  by  single  beams,  as  exemplified  by  a  re- 
cent breakthrough  experiment  by  Sangster  et  al. 
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During  the  last  four  years,  we  have  undertaken  a  major 
effort  to  resolve  a  serious,  long-standing  discrepancy 
between  various  experimental  and  theoretical  deter- 
minations of  the  cross  section  for  the  upsilon(O)  =  0 
-->  upsilon  =  1  vibrational  excitation  of  H2.  This  effort 
has  involved  crossed  electron-beam  molecular-beam 
measurements  of  relative  angular  distributions,  meas- 
urements of  transport  coefficients  in  mixtures  of  H2 
and  various  rare  gases,  and  ab  initio  theoretical  cal- 
culations using  a  vibrational  close-coupling  formalism 
with  an  exact  treatment  of  non-local  exchange  effects. 
The  discrepancy  remains  unresolved-a  fact  with  po- 
tentially wide-ranging  consequences  for  beam  experi- 
ments, theory,  and  the  unfolding  of  inelastic  electron- 
molecule  cross  sections  from  swarm  data.  New  analy- 
ses of  the  transport  data  and  the  application  of  a  new 
method  of  extrapolating  angular  distributions  beyond 
the  range  of  measurement  sheds  light  on  this  disagree- 
ment and  its  implications. 
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Gravity  was  measured  at  eight  different  heights  on  a 
300-m  meteorological  tower,  using  electrostatically 
nulled  LaCoste  and  Romberg  gravimeters.  The  ob- 
served values  were  corrected  for  tides,  temperature, 
and  gravimeter  screw  errors,  and  tested  for  systematic 
effects  due  to  (wind-induced)  tower  motion  (no  such 
effects  were  found).  These  corrected  results  were 
compared  with  values  predicted  by  means  of  Newton's 
inverse  square  law  from  surface  gravity  values.  The 
differences  exhibit  no  systematic  trends,  and  their  rms 
value  is  only  10  microGal,  well  within  the  errors  of  the 
experiment,  as  the  estimated  measurement  errors  in- 
crease from  9  microGal  at  the  lowest  platform  to  14 
microGal  at  the  top  and  those  of  the  predictions  from 
10  microGal  to  23  microGal.  These  results  set  new 
constraints  on  the  magnitude  of  any  non-Newtonian 
gravitational  force;  if  such  a  force  is  derived  from  a 
Yukawa  potential,  the  absolute  value  of  alpha  must  be 
less  than  0.00I  for  lambda  =  1 ,000  m. 
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Multistructure  cross  sections,  of  both  conventional  and 
coherence  types,  are  calculated  for  the  fine  structure 
transition  Na(doublet  P(1/2)<-doublet  P(3/2))  +  He  in 
an  energy  range  of  10-200  meV.  The  cross  sections 
are  related  to  conditions  of  a  crossed  beams  experi- 
ment in  which  the  three  controlled  vectors  are  the  initial 
relative  velocity  and  the  two  polarization  directions  of 
excitation  and  probe  laser  beams.  Both  semiclassical 
and  quantum  mechanical  calculations  are  performed. 
The  semiclassical  method  is  employed  to  interpret  and 
visualize  the  collision  mechanism  leading  to  the 
multistructure  cross  sections.  In  addition,  the  validity 
of  the  approximations  used  in  the  semiclassical  model 
is  investigated. 
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The  crossed  beams  technique  has  been  used  to  meas- 
ure absolute  cross-sections  for  the  single  ionization  of 
Se(1+)  and  Te(1+)  at  electron  energies  from  threshold 
to  200eV.  The  peak  cross-sections  obtained  are  16.6 
x  10(exp  -17)sq  cm  at  about  53eV  for  Se(1+)  and  24.3 
x  10(exp  -17)sq  cm  at  about  43eV  for  Te(1+).  The 
measured  Se(1+)  cross-sections  are  bracketed  from 
above  by  directionization  cross-sections  from  configu- 
ration-averaged distorted-wave  calculations  of 
Pindzola  (unpublished  work)  and  from  below  by  results 
using  the  single  parameter  semi-empirical  formula  of 
Lotz  (Z.  Phys.,  216  (1968)  241),  with  both  calculations 
giving  results  in  moderate  agreement  with  the  meas- 
urements. In  contrast,  comparisons  of  measured 
Te(1+)  cross-sections  with  similar  calculations  are 
generally  poor,  lonization-rate  coefficients  for  a 
Maxwellian  electron-temperature  distribution  cal- 
culated from  the  experimental  data  presented. 
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Absolute  cross  sections  for  electron  impact  ionization 
of  S(1+)  have  been  measured  in  the  electron  energy 
range  from  30-250eV  using  the  crossed  beams  tech- 
nique. Results  are  compared  with  scaled  cross  sec- 
tions from  other  P-like  ions,  with  a  semiempirical  for- 
mula and  with  other  recently  reported  measurements. 
Expansion  coefficients  and  formulas  for  generating 
ionization  rate  coefficients  in  the  electron  temperature 
range  10,000  K  =  or  <  T  =  or  <  1  million  K  are  pre- 
sented. 
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Absolute  cross  sections  for  electron-impact  single  ion- 
ization of  Si(1+)  and  Si(2+)  have  been  measured  using 
crossed  beams  of  ions  and  electrons  and  calculated 
using  a  configuration-average  distorted-wave  method. 
Corrections  have  been  made  for  metastable  compo- 
nents and  small  fractions  of  nitrogen  impurities  in  the 
incident  ion  beams.  Excitation-autoionization  measur- 
ably enhances  the  cross  sections  of  both  Si(1+)  and 
Si(2+).  Ionization  rate  coefficients  and  fitting  param- 
eters are  presented  for  the  experimental  data. 
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An  introduction  is  presented  of  vector  correlations  in 
collision  experiments  involving  atomic  orbital  alignment 
or  orientation.  At  present,  aligned  or  oriented  species 
can  be  prepared  (or  probed)  with  'relative'  ease  using 
polarized  laser  beams.  First,  an  extensive  expose  of 
the  necessary  mathematical  formalisms  for  two-  and 
three-vector  correlations  is  given,  and  then  experi- 
mental examples  for  atomic  Ca  are  discussed  to  eluci- 
date the  theory.  It  is  demonstrated  both  theoretically 
and  experimentally  that  azimuthal  structure  about  the 
initial  relative  velocity  vector  (called  coherence)  be- 
comes important  when  three  or  more  vector  quantities 
are  controlled  in  the  collision  process. 
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The  cross  sections  for  resonant  two-color,  two-photon 
detachment  of  H(1-)  with  excitation  of  the  degenerate 
H(2s)  and  H(2p)  levels  are  calculated  within  a 
semiempirical  adiabatic  hyperspherical  representation. 
The  first  photon,  with  energy  omega(1)  =  0.4017  au, 
is  resonant  with  the  well-known  Feshbach  (sup 
1)P(sup  o)  resonance  below  the  H(n  =  2)  threshold. 
The  second  photon,  with  energy  omega(2)  =  or  > 
0.12605  au,  scans  the  energy  region  above  the  H(n 
=  2)  threshold  over  which  long-range  dipole-field-in- 
duced  cross-section  oscillations  are  predicted  to  occur. 
Such  Gailitis-Damburg  oscillations  have  not  yet  been 
observed  experimentally.  Results  for  various  pairs  of 
light  polarization  for  the  two  photons  are  presented. 
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We  present  a  numerical  technique  to  solve  the  time- 
independent  nonlinear  Schrodinger  equation  with  an 
external  potential.  We  apply  it  to  the  case  of  a  dilute 
Bose-condensed  assembly  of  trapped  neutral  atoms 
where  the  potential  varies  on  the  same  scale  as  the 
condensate.  This  situation  should  soon  be  accessible 
to  experimental  observation. 
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There  is  a  long-range  parity-nonconserving  (PNC) 
interaction  between  a  charged  particle  and  a  compos- 
ite system  (atom,  nucleus)  induced  by  the  usual  con- 
tact weak  interaction  inside  this  system:  U  =  (H  X 
E)(dot)(beta(sub  nu))  approx.  =  1/R(sup  4)  or  1/R(sup 
5),  where  R  is  distance,  E  and  H  are  electric  and  mag- 
netic fields  of  the  particle,  and  J  and  B(beta(sub  nu)) 
are  the  angular  momentum  and  PNC  vector 
polarizability  of  the  system.  The  mechanisms  of  en- 
hancement of  PNC  vector  polarizability  are  consid- 
ered. PNC  effects  in  atoms,  molecules,  and  solids  are 
discussed  (P-odd  and  T-even  electric  dipole  moment, 
P-odd  electric  field,  etc). 
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A  quantum-mechanical  treatment  of  a  bar  gravitational 
antenna  is  presented.  The  theory  takes  into  account 
the  crystalline  structure  of  the  bar  and  collective  behav- 
ior of  its  mass  elements.  The  low-frequency  and  high- 
frequency  (Debye)  modes  of  oscillations  are  consid- 
ered. It  is  shown  that  the  quantum-mechanical  deriva- 
tion of  the  absorption  cross  section  of  the  gravitational 
antenna  agrees  totally  with  the  classical  result.  The  re- 
cent claims  of  a  significant  (six  orders  of  magnitude) 
quantum-mechanical  enhancement  of  the  cross  sec- 
tion are  shown  to  be  incorrect. 
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We  investigate  the  feasibility  of  using  modified  effec- 
tive range  theory  to  'project'  results  of  theoretical  scat- 
tering calculations  to  energies  so  low  that  such  calcula- 
tions are  numerically  intractable.  In  particular,  this  the- 
ory, as  developed  by  Fabrikant  in  the  body-frame  fixed- 
nuclei  formulation  of  electron  scattering  from  non-polar 
molecules,  provides  expansions  of  the  reactance  ma- 
trix that  enable  determination  of  the  scattering  length 
(and  other  parameters  as  needed)  and  total  cross  sec- 
tions with  greater  accuracy  and  over  a  larger  range  of 
energies  than  do  conventional  implementations  of 
such  expansions  for  the  total  cross  section.  We  have 
explored  the  viability,  accuracy  and  potential  problems 
of  this  stratagem  for  the  e-H2  and  e-N2  systems;  in 
both  cases,  careful  use  of  these  expansions  enables 
calculation  of  highly  accurate  cross  sections  at  very 
low  energies  without  resource  to  numerically  problem- 
atic, CPU-intensive  close-coupling  calculations. 
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We  report  low-energy  (0.001  to  10-eV)  electron-CO 
scattering  cross  sections  obtained  using  an  exact-ex- 
change (via  a  separable-exchange  formulation)  plus  a 
parameter-free  correlation-polarization  model  in  the 
fixed-nuclei  approximation  (FNA).  The  differential, 
total,  and  momentum-transfer  cross  sections  are  re- 
ported for  rotationally  elastic,  inelastic,  and  summed 
processes.  To  remove  the  limitations  of  the  FNA  with 
respect  to  the  convergence  of  total  and  differential 
cross  sections,  the  multipole-extracted-adiabatic- 
nuclei  approximation  is  used. 
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detectors. 

A  current  measuring  system  capable  of  detecting  sin- 
gle ions  is  described.  The  detector  operates  at  a  fre- 
quency of  nominally  900  kHz  and  uses  a 
superconducting  inductor  with  high  Q(Q  approx  = 
8,500)  and  a  cryogenic  GaAs  field-effect  transistor 
(FET)  amplifier  with  noise  temperature  less  than  0.3 
K.  Noise  measurements  of  the  FET  are  presented, 
along  with  details  of  the  construction  of  the 
superconducting  inductor. 
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We  propose  a  method  of  probing  a  system  of  cooled 
atoms  in  a  trap  using  short  laser  pulses.  Above  the  crit- 
ical temperature  for  Bose-Einstein  condensation,  such 
a  system  scatters  very  weakly.  Coherent  scattering  oc- 
curs primarily  in  the  forward  direction.  Below  the  critical 
temperature,  the  number  of  scattered  photons  in- 
creases dramatically  and  the  scattered  light  is  emitted 
in  the  solid  angle  determined  by  the  size  of  the  conden- 
sate. 
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A  variationally  stable,  adiabatic  hyperspherical  treat- 
ment of  two-  and  three-photon  detachment  of  H(1-)  is 
presented.  Results  are  compared  with  analytic  pre- 
dictions of  a  zero-range  potential  model  of  H(1-).  De- 
tailed comparisons  are  made  also  with  other  theoreti- 
cal results  which  include  the  effects  of  electron  correla- 
tions. We  predict  analytically  (and  demonstrate  nu- 
merically) an  extreme  sensitivity  of  the  theoretical  pre- 
dictions to  any  errors  in  the  value  of  the  electron  affinity 
employed.  In  an  Appendix  we  show  that  the  low-inten- 
sity limit  of  the  Keldysh  treatment  of  detachment  of  an 
electron  bound  in  a  zero-range  potential  agrees  with 
the  results  of  a  perturbative  treatment. 
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Aligned  atomic  Rydberg  states  of  sodium  can  be  pre- 
pared using  two-step  excitation  from  the  ground  state 
by  linearly  polarized  pulsed  lasers.  Information  that  is 
normally  inaccessible,  e.g.,  sublevel  partial  cross  sec- 
tions in  charge-transfer  experiments,  can  be  obtained 
when  aligned  targets  are  used.  The  calculations  of  or- 
bital alignment  must  carefully  allow  for  fine  and 
hyperfine  structure,  laser  linewidths,  pulse  widths  and 
delays,  sublevel  coherences,  and  other  factors.  In  this 
paper  we  derive  the  orbital  alignments  and  time-aver- 
aged d-state  sublevel  populations  for  3  doublet  S(V2)- 
->3  doublet  P(J  sub  1)->n  doublet  D  excitations  in  Na 
using  angular-momentum  and  density-matrix  methods. 
We  consider  both  quadrupole  alignment  A(sup  (2))  and 
hexadecapole  alignment  A(sup  (4)),  with  excitation 
through  either  J(1)=1/2  or  3/2  intermediate  states  con- 
sidered on  the  same  footing.  We  show  sublevel  popu- 
lations for  absolute  values  of  M(L)=0,  1,  and  2  analyt- 
ically and  graphically. 
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Electron  collisional  excitation  of  the  4D,  5D,  4P,  and 
6S  states  of  Na  has  been  measured  with  about  30- 
meV  energy  resolution.  Very  rapid,  unresolved  thresh- 
old onsets  are  seen  for  all  but  the  4P  state,  and  a  near- 
threshold  resonance  is  suggested  by  the  5D  data. 
However,  only  weak  undulations  in  the  cross  sections 
are  observed  above  threshold. 
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Inert-gas  induced  collisional  transfer  between  the  first 
four  excited  states  of  Sr  has  been  measured  by  deter- 
mining excited-state  densities  following  pulsed  laser 
excitation  of  the  5  singlet  P  state.  We  observe  5  singlet 
P  collisional  transfer  exclusively  to  the  4  triplet  D  state, 
with  (about  800  K)  rate  coefficients  ranging  from  0.24 
to  2.0  X  10(exp  -1 1)cc/s  for  the  various  gases.  We  also 
measure  4  singlet  D(2)  transfer  primarily  to  the  4  triplet 
D  state,  with  rate  coefficients  of  0.65  to  6.8  X  10(exp 
-11)cc/s.  The  4  triplet  D  state  radiative  lifetime  is  ob- 
served to  be  2.9  +  or  -  0.2  microsec. 
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One  of  the  most  interesting,  important,  and  problematic 
components  of  interaction  potentials  for  electron-atom 
and  -molecule  scattering  arises  from  many-body  ef- 
fects in  the  near-target  region.  Such  'core-polarization' 
effects  are  of  particular  concern  for  vibrational-exci- 
tation  calculations,  where  these  short-range  bound- 
free  correlation  and  nonadiabatic  velocity-dependent 
effects  have  remained  resistant  to  rigorous  treatment, 
being  represented  instead  by  approximations  or  model 
potentials.  In  order  to  provide  guidance  for  assessing 
such  potentials  and  insight  into  the  nature  of  these 
many-electron  effects,  we  have  investigated  the  sen- 
sitivity to  core  polarization  of  total,  momentum-transfer, 
rotational-excitation,  and  vibrational-excitation  e-H2 
cross  sections.  The  sensitivity  analysis  for  the  latter 
cross  section  also  comments  on  a  long-standing,  se- 
vere discrepancy  between  cross  sections  determined 
in  various  crossed-beam  experiments  and  by  transport 
analysis  of  swarm  data  for  this  simplest  electron-neu- 
tral-molecule system. 
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Rate  coefficients  for  energy-pooling  collisions  between 
low-lying  excited  states  of  Ba  have  been  measured. 
The  6s6p  triplet  P(1)  level  in  Ba  is  pumped  by  a  cw 
diode  laser,  and  radiative  decay  and  collisions  with 
buffer-gas  atoms  also  populate  the  5d6s  (singlet  D) 
and  5d6s  (triplet  D)  metastable  levels.  The  densities 
of  these  low-lying  excited  states  are  measured  by  the 
absorption  of  lines  from  a  Ba  hollow-cathode  lamp,  and 
the  states  populated  by  energy-pooling  collisions  are 
studied  by  comparing  their  fluorescence  intensity  to 
that  of  the  laser-excited  level.  The  rate  coefficients  are 
on  the  order  of  gas-kinetic  rates,  and  they  are  not 
strongly  dependent  on  energy  defect,  spin  changes,  or 
angular-momentum  changes. 
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The  relative  photoionization  cross  section  for  starting 
from  a  particular  fine-structure  level  of  the  initial  state 
of  an  atomic  system  and  leading  to  a  particular  fine- 
structure  level  of  the  residual  ion  is  presented  for  the 
case  of  atomic  systems  having  one  open  subshell 
using  a  simple  theoretical  model  in  which  emphasis  is 
placed  on  the  analysis  of  geometrical  effects.  This 
model  parametrizes  photoionization  cross  sections  in 
terms  of  LS-dependent,  single-configuration  dynamical 
amplitudes,  unlike  previous  treatments  which  assume 
LS-independent  transition  amplitudes  from  the  start.  In 
special  cases  our  general  formulas  are  shown  to  re- 
duce to  those  of  previous  workers.  We  highlight 
photoionization  of  inner  s  subshells  in  open-shell 
atoms  and  show  that  when  the  total  angular  momenta 
for  the  initial  atomic  and  final  ionic  fine-structure  levels 
differ  by  more  than  1/2  then  such  transitions  are 
quasiforbidden.  This  prediction  is  tested  in  detail  for  the 
case  of  CI  3s-subshell  photoionization  by  comparison 
of  our  single-configuration  results  with  the 
multiconfiguration,  eigenchannel  R-matrix  results  of 
Robicheaux  and  Greene.  All  of  our  results  apply  also 
to  photoionization  of  open-shell  positive  ions  or 
photodetachment  of  open-shell  negative  ions. 
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We  investigate  the  behavior  of  a  cloud  of  atoms  in  a 
magneto-optical  trap,  which-after  collection-is  com- 
pressed when  the  field  gradients  of  the  trap  magnetic 
field  are  increased.  We  measure  sizes  and  shapes  of 
the  atom  cloud  as  a  function  of  laser  detuning,  mag- 
netic field  gradient,  and  number  of  trapped  atoms.  A 
transient  density  increase  of  more  than  an  order  of 
magnitude  has  been  achieved.  Moreover,  reproducible 
Gaussian  density  distributions  are  observed  at  large 
detunings  and  intermediate  magnetic-field  gradients, 
permitting  an  accurate  determination  of  density. 
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Theoretical  and  experimental  results  are  presented  for 
the  electron-impact  ionization  of  Sc(2+)  in  the  near- 
threshold  energy  region  where  strong  resonance  fea- 
tures due  to  dielectronic  capture  processes  are  found. 
The  indirect  ionization  contributions  are  calculated  in 
the  close-coupling  approximation.  Both  absolute  and 
scan  measurements  for  the  ionization  cross  section 
are  obtained  in  a  crossed-beams  experimental  geom- 
etry. The  overall  agreement  between  theory  and  exper- 
iment is  good,  once  a  sufficient  number  of  singly  ex- 
cited states  are  included  in  the  close-coupling  expan- 
sion. The  additional  states  allow  a  proper  theoretical 
determination  of  the  decay  pathways  available  to  the 
resonances  formed  following  dielectronic  capture  of 
the  incident  electron. 
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We  consider  the  charge  cloud  distribution  of  heavy 
atoms  after  impact  excitation  by  polarized  electrons.  A 
general  formula  in  terms  of  state  multipoles  is  derived 
and  interpreted  with  regard  to  ratios  of  principal  axes 
and  three  independent  angles  of  rotation.  Finally,  the 
theory  is  illustrated  by  numerical  results  for  excitation 
of  mercury  and  thallium. 
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Time-resolved  Fourier  transform  infrared  (FT-IR)  emis- 
sion experiments  are  used  to  study 
photofragmentation  processes,  single  collision  reac- 
tions, energy  transfer  events,  and  laser-initiated  radi- 
cal-radical reactions.  In  the  experimental  apparatus,  a 
200-Hz  ArF  excimer  laser  is  coupled  to  a  commercial 
0.01/cm  resolution  Fourier  transform  infrared  spec- 
trometer. Fringes  from  the  He:Ne  reference  laser  are 
used  for  time  synchronization  of  the  laser  pulses  to  the 
FT-IR  mirror  retardation.  We  report  here  on  the  com- 
prehensive details  of  our  experimental  apparatus  and 
discuss  several  of  the  processes  studied  with  the  use 
of  this  apparatus. 
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In  a  crossed  beam  atomic  energy  transfer  experiment, 
relative  cross  sections  are  measured  between  initial 
and  final  magnetic  substates  of  atomic  orbitals  in  a 
three  vector  correlation  experiment.  A  pulsed  laser 
beam  prepares  Ca(4s5p  singlet  P(1)J  in  a  single  mag- 
netic sublevel  (vertical  stroke)j(1)m(i)>  with  respect  to 
the  laser  polarization  vector.  Subsequent  collision  with 
He  at  a  well-defined  relative  velocity  yields  Ca(4s5p  tri- 
plet P(2)).  The  near-resonant  Ca(4s5P  triplet  P(2))  is 
probed  by  a  second  polarized  pulsed  laser,  revealing 
its  magnetic  sublevel  (vertical  stroke)j(2)m(f)>  distribu- 
tion with  respect  to  the  probe  laser  polarization  vector. 
The  experiment  is  analyzed  in  the  collision  frame 
where  the  direction  of  the  initial  relative  velocity  vector 
serves  as  the  quantization  axis. 
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A  laser  pump-probe  experiment  is  used  to  study  the 
orbital  alignment  effects,  orientation  effects  and  vector 
correlations  of  collisional  transfer  of  the  Ca  (4s)(1) 
(4p)(1 ),  triplet  P(1)  state  to  the  Ca  (4s)(1)  (4p)(1),  triplet 
P(2,0)  levels.  The  experiment  is  configured  in  a  single- 
collision  crossed-beam  arrangement  between  Ca  and 
He,  and  multi-structure  cross-sections  are  determined 
using  appropriate  combinations  of  linear  and  circular 
laser  light  for  the  pump/probe  steps.  Real  and  imagi- 
nary parts  of  coherence  cross-sections  are  obtained 
along  with  the  conventional  population  cross-sections 
for  the  m(1)  -->  m(2)  magnetic  sublevel  transitions  into 
the  triplet  P(2)  level. 
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Based  on  a  previous  Dirac  R-matrix  calculation,  we 
have  derived  elastic  and  inelastic  angle-differential  and 


elastic  momentum-transfer  cross  sections  for  slow 
electrons  (E(kin)  =  or  <  2.8  eV)  colliding  with  neutral 
Cs  atoms.  Our  results  for  the  angle-differential  cross 
sections  are  in  good  agreement  with  scaled  experi- 
mental data  and,  depending  on  the  incident  electron 
energy,  in  qualitative  or  fair  quantitative  agreement 
with  previously  published  theoretical  work.  The  inelas- 
tic angle-differential  cross  sections  for  sextet  p(1/2) 
and  sextet  p(3/2)  excitation  differ  by  more  than  a  statis- 
tical branching  ratio  due  to  relativistic  effects.  For  the 
momentum-transfer  cross  sections,  we  hope  to  resolve 
existing  discrepancies  in  the  literature  and  to  provide 
more  reliable  input  for  transport  calculations. 
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We  have  reformulated  the  Dirac  R-matrix  method  for 
low-energy  electron  scattering  by  (effectively)  one- 
electron,  alkali-metal-like  systems  and  developed  an 
independent  computer  program  for  this  special  pur- 
pose. A  highly  accurate  and  relativistic  representation 
of  the  target  was  used  to  perform  a  multichannel  close- 
coupling  calculation  of  cross  sections  for  electron  scat- 
tering. Our  results  include  the  negative-ion  affinity  and 
elastic,  inelastic,  and  total  cross  sections  for  incident 
electrons  with  0  to  2.8  eV  kinetic  energy.  We  find  that 
core-polarization  and  relativistic  effects  lead  to 
multiplets  of  very  narrow  triplet  P(j),  J  =  0,1,2  shape 
resonances:  the  effect  of  the  induced  core  polarization 
on  the  electron-electron  correlation  leads  to  6s6p  triplet 
P(sub  j,  sup  0)  resonances  in  contrast  to  previously 
predicted  bound  states  of  Cs(1-),  and  relativistic  inter- 
actions are  responsible  for  the  autoionizing  decay  of 
6p(2)  triplet  P(J)  states  below  the  first  excitation  thresh- 
old. 
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Quantum  interference  effects  occurring  in 
photodetachment  of  H(1  -)  in  the  presence  of  a  uniform, 
static  electric  field  are  shown  theoretically  to  be  con- 
trollable through  use  of  short  laser  pulses  having  char- 
acteristic times  comparable  to  photodetached  electron 
reflection  times.  In  particular,  calculated  cross  sections 
for  single-photon  detachment  by  two  laser  pulses  that 
are  delayed  and  phase  shifted  relative  to  one  another 
are  shown  to  oscillate  as  a  function  of  the  relative 
phases  of  the  laser  pulses  at  fixed  photodetached  elec- 
tron energy. 
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Tables  of  radiative  transition  rates  (A)  are  provided  for 
allowed  singlet  and  triplet  transitions  between  Sr  states 
below  n  approx.  =  11.  These  are  obtained  from  a  com- 
bination of  R-matrix,  multichannel-quantum-defect-the- 
ory (MQDT),  and  modified  Coulomb-approximation 
calculations,  plus  branching-ratio  measurements. 
Measurements  of  some  spin-changing  branchings  and 
of  the  4  singlet  D(2)  -  5  singlet  S(0)  quadrupole  transi- 
tion rate  are  also  reported.  Lifetime  and  A-value  meas- 
urements from  the  literature  are  included  in  the  tables 
and  compared  to  the  calculations.  These  and  the 
present  measurements  provide  the  most  comprehen- 
sive test  to  date  of  calculated  transition  probabilities  for 
divalent  atoms.  The  MQDT  calculation  achieves  0-20% 
agreement  with  experiment  in  the  great  majority  of 
cases  tested. 
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We  study  numerically  ionization  from  a  model  atom  in- 
duced by  a  strong  high-frequency  field.  Both  one-  and 
two-dimensional  models  are  considered.  We  discuss 
the  physics  of  ionization  suppression  in  strong  fields 
and  point  out  the  differences  between  one-  and  higher- 
dimensional  models.  We  also  discuss  the  applicability 
of  classical  modeling. 
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Time-correlated  single-photon  counting  is  used  to 
measure  the  lifetimes  of  the  6p  doublet  P(1/2)  and  6p 
doublet  P(3/2)  levels  in  atomic  Cs  with  accuracies  of 
approx.  0.2-0.3%.  A  high-repetition-rate,  femtosecond, 
self-mode-locked  Tksapphire  laser  is  used  to  excite  Cs 
produced  in  a  well-collimated  atomic  beam.  The  time 
interval  between  the  excitation  pulse  and  the  arrival  of 
a  fluorescence  photon  is  measured  repetitively  until  the 
desired  statistics  are  obtained.  The  lifetime  results  are 
34.75(7)  and  30.41(10)  ns  for  the  6p  doublet  P(1/2) 
and  6p  doublet  P(3/2)  levels,  respectively.  These  life- 
times fall  between  those  extracted  from  ab  initio  many- 
body  perturbation-theory  calculations  by  Blundell, 
Johnson,  and  Sapirstein  (1991)  and  V.  A.  Dzuba  et  al 
(1989)  and  are  in  all  cases  within  0.9%  of  the  cal- 
culated values.  The  measurement  errors  are  domi- 
nated by  systematic  effects,  and  methods  to  alleviate 
these  and  to  approach  an  accuracy  of  0.1%  are  dis- 
cussed. The  technique  is  a  viable  alternative  to  the 
fast-beam  laser  approach  for  measuring  lifetimes  with 
extreme  accuracy. 
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Hyperfine-Structure  Studies  of  Zr  II:  Experimental 
and  Relativistic  Configuration-Interaction  Results. 
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We  report  an  experimental  and  theoretical  study  of  the 
hyperfine  structure  (hfs)  in  various  metastable  levels 
in  (91)Zr  II.  Hyperfine  structures  in  11  levels  arising 
from  the  4d(3)  and  4d(2)5s  configurations  were  meas- 
ured using  the  laser-rf  double-resonance  method  in  a 
collinear  laser-ion-beam  geometry.  The  hfs  A  and  B 
constants  were  measured  to  a  precision  of  4  and  11 
kHz,  respectively.  Less  precise  values  for  hfs  con- 
stants for  nine  upper  levels  in  the  4d(2)5p  configuration 
were  derived  from  optical  spectra.  Theoretically,  the  A 
and  B  constants  for  the  metastable  levels  having  J=0.5 
and  1.5  were  calculated  using  a  relativistic  configura- 
tion-interaction (RCI)  approach.  The  calculations  con- 
firm a  previous  report  that  the  level  at  17,614.007cm 
reported  in  Moore's  Atomic  Energy  Levels,  Vol.  II  (US 
Government  Printing  Office.  Washington,  DC,  1971)  is 
spurious. 
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We  report  what  is  to  our  knowledge  the  first 
Dopplerless  high-resolution  optical  spectroscopy 
based  on  unperturbed  atoms  left  nearly  at  rest  when 
a  vapor  cell  magneto-optic  trap  is  switched  off.  A  lamb- 
da =  285  nm  beam  excited  the  3s  -->  5p  transition  in 
our  sample  of  laser  trapped/cooled  Na  atoms  from 
which  we  collected  fluorescence.  Excited-state  5  dou- 
blet P(3/2)  and  5  doublet  P(1/2)  hyperfine  interaction 
constants  are  derived  with  4-  and  47-fold  increases, 
respectively,  in  accuracy.  Future  prospects  for  vapor- 
cell  based  optical  spectroscopy  and  frequency  stand- 
ards are  considered. 
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Tables  and  graphs  of  the  photon  mass  attenuation  co- 
efficient mu/rho  and  the  mass  energy-absorption  coef- 
ficient my(en)/rho  are  presented  for  all  of  the  elements 
Z=1  to  92,  and  for  48  compounds  and  mixtures  of  radi- 
ological interest.  The  tables  cover  energies  of  the  pho- 
ton (x  ray,  gamma  ray,  bremsstrahlung)  from  1  keV  to 
20  MeV.  The  mu/rho  values  are  taken  from  the  current 
photon  interaction  database  at  the  National  Institute  of 
Standards  and  Technology,  and  the  mu(en)/rho  values 


are  based  on  the  new  calculations  by  Seltzer  described 
in  Radiation  Research  136,  147  (1993).  These  tables 
of  my/rho  and  mu(en)/rho  replace  and  extend  the  ta- 
bles given  by  Hubbell  in  the  International  Journal  of  Ap- 
plied Radiation  and  Isotopes  33, 1269  (1982). 
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DETAN  95  is  a  computer  code  for  converting  an  input 
neutron  spectrum  to  a  spectrum  or  detector  response 
function  expressed  in  arbitrary  energy-group  structure. 
The  input  spectrum  may  be  expressed  either  in  ana- 
lytic form  or  in  some  energy-group  structure.  The  code 
also  calculates  spectrum-averaged  neutron  cross  sec- 
tions or  responses  for  neutron  personnel  detectors. 
The  code  includes  625-group  neutron  cross  sections 
for  a  number  of  reactions  common  to  materials  dosim- 
etry. Other  energy-dependent  cross  sections  or  re- 
sponse functions  supplied  by  the  user  may  be  used 
to  calculated  spectrum-averaged  values. 
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This  note  presents  results  on  the  reproducibility  and 
temperature  of  the  ice  point  of  water.  The  data  were 
obtained  over  the  years  1963  to  1970,  in  1992  and  in 
1995.  The  data  from  1963  to  1970  are  from  resistance 
measurements  of  a  standard  platinum  resistance  ther- 
mometer in  ice  points,  made  for  the  purpose  of  obtain- 
ing the  reference  value  for  the  thermometer  to  be  used 
for  determining  temperatures  of  calibration  of  liquid-in- 
glass  thermometers.  In  1992  and  in  1995,  measure- 
ments of  the  temperature  of  the  ice  point  were  made, 
using  water  (and  ice)  from  different  sources.  The  value 
of  the  temperature  determined  for  the  ice  point  pre- 
pared from  the  authors'  highest-purity  water  is  in  excel- 
lent agreement  with  that  determined  previously.  Also, 
the  reproducibility  of  routine  measurements  at  the  ice 
point  are  consistent  with  what  has  been  generally  ac- 
cepted, but  heretofore  undocumented. 
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Magnetic  interactions  may  lead  to  errors  in  precision 
mass  metrology.  An  analytical  description  of  such 
magnetic  errors  is  presented  in  which  the  roles  of  both 
the  volume  magnetic  susceptibility  and  permanent 
magnetization  are  discussed.  The  same  formalism  is 
then  used  to  describe  in  detail  the  calibration  and  oper- 
ation of  a  susceptometer  developed  at  the  Bureau 
International  des  Poids  et  Mesures  (BIPM). 
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A  merged-beams  electron-energy-loss  technique  is 
described,  by  which  absolute  cross  sections  can  be 
measured  for  near-threshold  electron-impact  excitation 
of  multiple  charged  ions.  The  experimental  data  are  in 
good  agreement  with  a  seven-state  close-coupling 
throughout  the  energy  range  of  the  experiment.  Re- 
sults agree  with  calculations  showing  that  more  than 
90%  of  the  electrons  causing  excitation  are  ejected  in 
the  backward  direction  in  the  center-of-mass  frame. 
This  backscattering  is  shown  in  both  quantum-me- 
chanical and  semiclassical  calculations.  Evidence  is 
observed  for  high-lying  metastable  autoionizing  states 
with  a  life-time  of  approximately  0.9  microseconds 
which  are  made  to  ionize  by  electron  impact. 
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For  Monte  Carlo  simulations  of  systems  of  size  M,  ei- 
ther kinetic  simulations  or  equilibrium  simulations  that 
use  the  method  of  Bortz,  Kalos,  and  Liebowitz  the  best 
computer  time  per  event  has  been  0(M(sup  1/2)).  The 
authors  present  two  methods  whose  computer  time  per 
event  is  0(M(sup  1/k))  or  O(logM).  In  practice,  for  typi- 
cal simulation  sizes,  K  =  4  or  K  =  5  is  fastest,  requiring 
even  less  computer  time  than  the  O(logM)  method.  For 
typical  simulation  sizes,  the  authors  are  able  to  achieve 
speedup  factor  of  5  to  7  over  the  0(M(sup  1/2))  tech- 
nique. 
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The  authors  present  new  vapor  pressures  and  the  (p. 
p(sub  n),  T)  surface  of  CF3CHF2  (pentafluoroethane, 
designated  R125  by  the  refrigeration  industry)  in  the 
temperature  range  T  =  273  K  to  363  K.  The  (p,  p(sub 
n),  T)  measurements  are  for  the  gas  phase  at  densities 
up  to  approximately  the  critical  density.  The  static 
vapor  pressures  reported  here  have  been  combined 
with  previous  ebulliometric  measurements  made  in  this 
laboratory  at  lower  temperatures.  Correlating  equa- 
tions are  given  for  the  vapour  pressures  from  T  =  220 
K  to  the  critical  temperature:  T(sub  c)  -  339.30  K.  A 
virial  equation  has  been  used  to  correlate  the  (p,  p(sub 
n),  T)  surface  at  amount-of-substance  densities  up  to 
1600  mol/cubic  m.  Second  and  third  virial  coefficients 
have  been  derived  from  the  (p,  p(sub  n),  T)  measure- 
ments. 
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In  part  of  an  ongoing  work  on  x-ray  form  factors,  new 
absorption  coefficients  are  being  evaluated  for  all  ele- 
ments, across  the  energy  range  from  below  100  eV  to 
above  100  keV.  These  new  coefficients  are  applied 
herein  to  typical  problems  in  synchrotron  radiation  sta- 
tions, namely  the  use  of  beryllium  windows  and  argon 
gas  detectors.  Results  are  compared  with  those  of 
other  authors.  The  electron-ion  pair  production  process 
in  ionization  chambers  is  discussed,  and  the  effects  of 
3d-element  impurities  are  indicated. 
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A  curved  neutron  guide  is  considered  'short'  if  there 
are  direct  lines  of  sight  through  the  device.  Such 
guides  have  the  disadvantage  that  they  transmit  high 
energy  neutrons  and  gamma  rays,  which  are  generally 
unwanted,  as  well  as  the  desired  low  energy  neutrons. 
Nevertheless  short  curved  guides  have  several  uses 
at  thermal  neutron  research  facilities  because  they  can 
be  combined  with  sections  of  straight  guide  to  produce 
composite  guides  through  which  there  is  no  line  of 
sight.  The  authors  analyze  the  transmission  properties 
of  short  curved  neutron  guides  using  the  method  of  ac- 
ceptance diagrams,  and  they  present  the  results  of 
several  calculations  of  their  performance. 
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Fluctuations  in  probability  distribution  are  used  to  study 
the  influence  of  a  weak  periodic  perturbation  on  chaotic 
system.  A  detailed  analysis  of  one  very  long  time  se- 
ries reveals  a  great  sensitivity  to  external  perturbation. 
The  case  of  large  amplitude  stochastic  perturbation  is 
also  discussed.  It  is  shown  that  the  fractal  geometry 
of  an  experimental  attractor  may  be  visualized  up  to 
length  scales  smaller  than  noise  amplitude. 
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Vibrationally  state-selected  measurements  of  the  ki- 
netics and  dynamics  of  14N2(1+)(nu  =  1  and  2)  and 
15N2(1+)(nu  =  0,  1,  and  2)  in  collisions  with  (14)N2 
are  made  using  a  selected  ion  flow  tube  (SIFT),  laser 
induced  fluorescence  (LIF)  technique  at  thermal  ener- 
gies. Kinetics  are  measured  by  monitoring  the  LIF  sig- 
nal amplitudes  of  N2(1+)(nu)  as  a  function  of  (14)N2 
concentration,  added  after  ion  injection.  By  comparison 
with  the  known  N2(1+)(nu  =  1)  +  Ar  rate,  the 
(15)N2(1+)(nu  =  0)  +  14N2  rate  constant  is  found  to 
be  one-half  of  the  Langevin  collision  rate  or  4.2  +  or 
-  0.2  x  10(exp  -10)  cubic  cm/molecule/s.  This  suggests 
that  the  reaction  proceeds  via  an  N4(1+)  energized 
adduct  in  which  charge  is  shared  on  a  time  scale  short- 
er than  the  adduct  lifetime.  The  removal  rates  of 
(14)N2(1+)(nu  =  1  and  2)  reactions  by  (14)N2  are  also 
found  to  proceed  at  one-half  of  the  Langevin  collision 
rate.  Thus  product  channels  that  remove  vibrational 
energy  from  the  ion  upon  dissociation  of  the  adduct  ac- 
count for  50%  of  the  collision  probability. 
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The  temperature  profile  along  a  cylindrical  rod  or  tube 
as  it  cools  has  been  obtained  by  numerical  solution  of 
the  second-order  time-dependent  partial  differential 
equation  for  heat  conduction.  The  surface  temperature 
is  calculated  for  given  temperature  dependent  values 
of  the  heat  capacity,  hemispherical  total  emissivity, 
thermal  expansion  and  thermal  conductivity  and,  by 
adjusting  the  thermal  conductivity,  is  fitted  to  experi- 
mental temperature  profiles  from  preliminary  measure- 
ments on  a  cooling  cylindrical  tungsten  rod.  The  sur- 
face temperature  of  the  rod  is  quite  sensitive  to  the 
thermal  conductivity  but  the  accuracy  of  the  predicted 
thermal  conductivity  cannot  be  assessed  without  fur- 
ther experimentation. 
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Near  an  absorption  edge,  x-ray  emission  cannot  be 
treated  separately  from  the  absorption  process  itself: 
a  scattering  formalism  must  be  used.  Experimental 
data  have  been  recorded  showing  x-ray  emission  from 
xenon  following  excitation  by  tunable  synchrotron  radi- 
ation below  and  above  the  L3  absorption  edge.  Com- 
plete data  sets  are  presented  for  Xe  La1,2  and 
Lbeta2,15  emission  from  10  eV  below  to  40  eV  above 
the  L3  edge.  In  accord  with  the  resonant-inelastic-scat- 
tering model,  the  observed  x-ray  emission  evolves 
from  resonant  Raman  scattering  into  characteristic  flu- 
orescence as  the  excitation  energy  is  scanned  from 
below  to  above  the  absorption  edge. 
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Evidence  is  presented  for  a  significant  influence  of 
electrode  surface  material  and  condition  on  the  meas- 
urement of  the  kinetic  energies  of  ions  sampled  from 
discharges  through  a  orifice  in  the  electrode.  Signifi- 
cant differences  in  ion  energy  shifts  and/or  discrimina- 
tion of  low-energy  ions  are  found  using  aluminum  and 
stainless-steel  electrodes  in  a  radio-frequency  (rf)  dis- 
charge cell.  It  is  argued  that  the  observed  differences 
in  energy  shifts  may  be  attributable  in  part  to  dif- 
ferences in  charging  oxide  layers  on  the  electrode  sur- 
face around  the  sampling  orifice. 

04,027 

PB96-102918       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (CSTL), 

Gaithersburg,  MD.  Surface  and  Microanalysis  Science 

Div. 

Energy  Calibration  of  X-ray  Photoelectron  Spec- 
trometers: Results  of  an  Interlaboratory  Compari- 
son to  Evaluate  a  Proposed  Calibration  Procedure. 

Final  rept. 

C.  J.  Powell.  1995,  12p. 

Pub.  in  Surface  and  Interface  Analysis,  v23  p1 21  -1 32 
1995. 

Keywords:  "Spectrometers,  "Calibration,  Reprints, 
Copper,  Gold,  Silver,  X  rays,  Photoelectrons,  "Foreign 
technology,  "Binding  energy. 

Results  are  reported  of  an  interlaboratory  comparison 
conducted  to  evaluate  a  proposed  procedure  for  cali- 
bration of  the  binding  energy  (BE)  scales  on  x-ray 
photoelectron  spectrometers.  The  calibration  was  per- 
formed at  two  points  on  the  BE  scale  (the  Au  4f7/2  and 
Cu  2p3/2  lines)  and  checks  were  made  of  the  assump- 
tion of  BE-scale  linearity  from  measurements  on  other 
lines.  It  is  shown  here  that  small  offsets  can  arise  if 
peaks  are  located  with  assumed  backgrounds  on  non- 
zero slope  or  if  multipeak  fits  are  made  to  Cu  L3VV 
and  Ag  M4VV  Auger  spectra. 
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Doppler-broadened  H(alpha)  emission  (656.28  nm) 
detected  from  a  13.56  MHz,  parallel-plate,  radio-fre- 
quency discharge  in  hydrogen  indicates  the  presence 
of  fast  excited  H  atoms  throughout  the  discharge  vol- 
ume. Time  and  spatially  resolved  measurements  of  the 
Doppler-broadened  emission  indicate  that  the  fast  H 
atoms  are  formed  primarily  at  the  surface  of  the  pow- 
ered electrode  with  kinetic  energies  exceeding  120  eV. 
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Excited  neutrals  and  fast  ions  produced  in  a  13.56  MHz 
radio-frequency  discharge  in  a  90%  argon  -10%  hydro- 
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gen  gas  mixture  was  investigated,  respectively,  by 
spatially  and  temporally  resolved  optical  emission 
spectroscopy,  and  by  mass-resolved  measurements  of 
ion  kinetic  energy  distributions  at  the  grounded  elec- 
trode. The  electrical  characteristics  of  the  discharge 
were  also  measured  and  comparisons  are  made  with 
results  obtained  for  discharges  in  pure  H2  under  com- 
parable conditions.  Measurements  of  Balmer-alpha 
emission  show  Doppler-broadened  emission  that  is 
due  to  the  excitation  of  fast  atomic  hydrogen  neutrals 
formed  from  ion  neutralization  processes  in  the  dis- 
charge. 
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The  electron-Na  system  is  the  prototype  for 
nonrelativistic  scattering  of  a  charged  particle  from  a 
quasi-one-electron  system.  At  scattering  energies 
below  several  eV,  e-Na  cross  sections  are  particularly 
sensitive  to  the  exchange  interaction  and  manifest  a 
rich  variety  of  near-threshold  structures  in  various  spin 
channels.  By  applying  the  nonperturbative  coupled- 
channel  R-matrix  method  in  carefully  converged  cal- 
culations the  authors  have  generated  a  comprehensive 
data  base  of  accurate  scattering  quantitities  for  study- 
ing these  phenomena  and  for  comparison  to  present 
and  future  experimental  data.  In  addition  to  conven- 
tional integrated  and  differential  cross  sections,  the  au- 
thors consider  partial  cross  sections  for  changes  in  the 
projection  of  the  spin  and  orbital  angular  momentum 
of  the  Na  valence  electron,  comparing  results  for  all 
these  quantities  to  experimental  data  where  available. 


04,031 

PB96-103122       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Time  and  Frequency  Div. 
Aging,  Warm-Up  Time  and  Retrace;  Important 
Characteristics  of  Standard  Frequency  Genera- 
tors. 

Final  rept. 

J.  Vanier,  J.  J.  Gagnepain,  W.  J.  Riley,  F.  L.  Walls, 
and  M.  Granveaud.  1992,  9p. 

Pub.  in  Proceedings  of  Institute  of  Electrical  and  Elec- 
tronics Engineers  Frequency  Control  Symposium,  Her- 
shey,  PA.,  May  22-29,  1992,  p807-815  1992. 

Keywords:  "Frequency,  "Standards,  "Pulse  genera- 
tors, Frequency  measurement,  Environmental  effects, 
Sensitivity,  Aging(Materials),  Reporting,  Reprints,  Re- 
trace, Warm-up. 

The  report  is  an  effort  to  produce  an  IEEE  standard 
providing  guidelines  for  standardized  methods  of  defin- 
ing, measuring  and  reporting  environmental  sensitivi- 
ties of  precision  frequency  generators.  The  present  re- 
port covers  the  subject  of  aging,  warm-up  time  and  re- 
trace. 
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Angular  distributions  of  high  energy  photoelectrons 
from  Xe  and  Kr,  excited  by  a  50  ps,  1 .05  micro  m  laser, 
are  presented.  In  Xe,  strong,  narrow,  rings  about  45 
deg.  off  the  polarization  axis  appear  in  a  limited  energy 
range  centered  around  U(sub  p),  where  U(sub  p)  is  the 
ponderomotive  energy.  This  effect  is  much  weaker  in 
Kr.  Single  active  electron  calculations  agree  well  with 
these  observations.  The  authors  conclude  that  the 
rings  result  from  single-electron  ionization  dynamics, 
most  likely  involving  rescattering  from  the  ion  core  of 
the  tunneling  component  of  the  continuum  wave  func- 
tion. 
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In  this  paper  the  authors  discuss  Monte  Carlo 
calculational  methods  and  analytic  methods,  and 
methods  combining  features  of  both,  developed  over 
the  past  decades  at  the  National  Institute  of  Standards 
and  Technology.  These  include  the  Monte  Carlo  pro- 
gram ETRAN  for  electrons  and  photons  developed  by 
Bergerand  Seltzer:  the  neutron  analytic  method  devel- 
oped by  Caswell  and  Coyne,  and  the  incorporation  into 
that  program  of  the  synthesis  of  Monte  Carlo  results 
for  proton  tracks  of  Wilson  and  Paretzke.  Some  com- 
parisons with  experimental  results  and  with  other  cal- 
culations are  given.  Also,  some  applications  of  the 
calculational  results  to  the  prediction  of  biologial  effects 
using  biophysical  models  are  given. 
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A  nonequilibrium  thermodynamic  theory  for  predicting 
the  mechanical  behavior  of  materials  beyond  the  elas- 
tic range  is  formulated.  The  theory  incorporates  the 
idea  of  a  concealed  parameter  alpha,  originally  due  to 
Bridgman  where  the  constitutive  equation  are  gov- 
erned by  (1)  a  thermodynamic  potential  such  as  a  gen- 
eralized Gibbs  function,  G,  or  Helmholtz  free-energy 
function,  F,  each  with  an  explicit  dependence  on  alpha 
and  (2)  a  prescription  for  alpha,  the  time  rate  of  change 
of  alpha,  such  that  alpha  is  directly  proportional  to  the 
negative  of  G(sub  alpha)  or  F(sub  alpha),  the  partial 
derivative  of  G  or  F  with  respect  to  alpha,  respectively. 
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The  vibrational  excitations  and  the  position  of  hydro- 
gen in  nanocrystalline  palladium  were  investigated  by 
means  of  inelastic  neutron-scattering  and  H  solubility 
measurements.  The  study  focuses  on  the  H  concentra- 
tion regime  (less  than  or  equal  to  4.8  at.%  H)  where, 


at  room  temperature,  no  precipitation  of  the  H  in  a  hy- 
dride phase  (Beta-phase)  was  observed.  In  this  con- 
centration regime,  the  solubility  measurements  show 
an  enhanced  H  solubility  relative  to  coarse-grained  Pd. 
The  neutron-scattering  experiments  show  that  this  ad- 
ditional H  is  incorporated  in  the  grain  boundaries  and 
at  the  surface  of  the  grains.  Surface  modes  of  H  at  ap- 
proximately 90  and  120  meV  were  identified.  Com- 
pared to  coarse-grained  Pd,  no  change  in  the  H  solu- 
bility was  found  for  the  crystal  lattice  of  the  nanosized 
grains. 
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Neutron-scattering  techniques  have  been  used  to 
study  the  magnetic  structure  and  spin  dynamics  of  the 
Pr  and  Cu  spins  in  Pr2Cu04.  In  the  ordered  state  the 
Cu  spin-wave  velocity  c  has  been  determined  to  be 
0.85  +  or  -  0.08  eV  Angstroms,  which  corresponds  to 
an  in-plane  nearest-neighbor  exchange  constant  J  = 
130  +  or  -  13  meV.  A  spin-wave  gap  of  approximately 
5  meV  has  been  observed,  corresponding  to  a  reduced 
anisotropy  constant  alpha(sub  parrallel  sign)  =  (J  - 
J(sup  xy))/J  of  about  2  x  10(exp  -4).  In  the 
paramagnetic  regime  the  evolution  of  the  Cu  spin-cor- 
relation length  with  temperature  is  adequately  de- 
scribed by  the  renormalized  classical  theory  for  the 
quantum  nonlinear  sigma  model. 
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The  electron-ion  collisional  database  required  for  mod- 
elling and  diagnostics  of  the  fusion  plasma  edge  is 
briefly  examined  from  the  points  of  view  of  (1)  experi- 
mental and  theoretical  means  for  obtaining  the  data, 
(2)  relevant  physical  processes,  (3)  limitations  on  the 
data,  and  (4)  availability  and  quality  of  the  data  for  rel- 
evant species.  Both  molecular  and  atomic  ions  are 
considered. 
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The  authore  report  the  first  comparison,  at  the  national 
standards  level,  of  photodiode  frequency  response 
measurements  at  wavelengths  of  1,285,  1319  and 
1.531  micrometers.  A  photodiode  was  measured  up  to 
40GHz  and  the  results  were  normalized  to  1.319  mi- 
crometers using  a  model  of  the  device.  The  average 
scatter  in  the  results  was  plus  or  minus  0.1 2dB 
(2omega)  below  20GHz  and  plus  or  minus  0.21dB  from 
20  to  33GHz. 
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A  single  trapped  ion,  laser  cooled  into  its  quantum 
ground  state  of  motion,  may  be  used  as  a  very-low- 
temperature  detector  of  radio-frequency  signals  ap- 
plied to  the  trap  end  caps.  If  the  signal  source  is  a  reso- 
nant oscillator  of  sufficiently  high  Q,  the  source  may 
also  be  placed  in  its  quantum  ground  state  by  coupling 
to  the  ion.  Parametric  couplings  may  be  used  to  cool 
and  detect  source  modes  other  than  the  mode  directly 
coupled  to  the  ion.  A  theoretical  analysis  of  these  cool- 
ing and  detection  processes  is  presented,  and  as  an 
example,  their  application  to  single  trapped  electron 
and  proton  spectroscopy  is  examined.  Squeezing  and 
low  noise  detection  of  one  quadrature  component  of 
the  source  oscillation  are  also  discussed.  The  tech- 
niques discussed  here  may  lead  to  radio-frequency 
measurements  of  improved  accuracy  and  sensitivity. 
Cooling  and  detection  of  vibrations  of  macroscopic  os- 
cillators also  appear  possible. 
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We  have  applied  experimental  techniques  that  were 
developed  for  use  in  atomic  frequency  standards  and 
clocks  to  investigations  of  local  Lorentz  invariance,  the 
linearity  of  quantum  mechanics,  and  anomalous  long- 
range-spin-dependent  forces.  These  experiments 
used  a  hyperfine  transition  in  9Be+  ions  in  a  Penning 
trap.  Recently,  we  have  studied  hyperfine  transitions 
in  199Hg+  ions  in  a  linear  rf  trap.  Hg+  ions  might  be 
used  for  similar  investigations  in  the  future. 
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Guided  beams  of  thermal  and  cold  neutrons  have  be- 
come available  to  analysts  at  several  reactors  during 
the  past  decade.  The  very  pure  beams  from  these 
guides  have  led  to  lower  backgrounds  and  higher  sen- 
sitivities for  prompt-gamma  activation  analysis 
(PGAA),  and  thus  to  new  applications  for  this  tech- 
nique. For  analytical  accuracy,  the  details  of  neutron 
scattering  within  the  sample  need  to  be  taken  into  ac- 
count; this  consideration  is  especially  important  for 
most  materials  of  biological  origin. 
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The  authors  show  existence  of  an  important  difference 
between  strange-particle  production  in  Si-Au  collisions 
at  15A  GeV  (AGS)  and  in  S-A  collisions  at  200A  GeV 
(CERN),  with  A=32  and  A=0(200). 
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The  paper  is  a  summary  of  an  international  collabora- 
tion endorsed  by  VAMAS  to  study  problems  associated 
with  critical  current  measurements  in  Nb3Sn 
superconductors  and  provide  guidelines  for  a  standard 
measurement.  Two  series  of  critical  current  measure- 
ments were  implemented.  In  the  fifth  series,  three  dif- 
ferent sample  conductors  were  used  and  participants 
made  measurements  using  their  own  techniques.  As 
a  result,  coefficients  of  variation  for  these  samples  at 
12  T  turned  out  the  be  8-29.9%.  A  major  source  of 
these  variations  was  attributed  to  strain  sensitivity  of 
the  Nb3Sn  conductors.  Thus,  the  second  series  of 
measurements  were  done  on  one  sample  conductor 
and  under  specified  measurement  conditions,  particu- 
larly in  terms  of  specimen  strain.  The  coefficient  of  vari- 
ation decreased  to  2.2%,  which  is  regarded  as  a  rea- 
sonable base  for  future  establishment  of  an  inter- 
national standard  measurement  method. 
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The  nonlinear  resonant  response  of  a  bound  electron 
to  a  time-varying  spatially  inhomogeneous  electric  field 
was  studied  experimentally.  By  use  of  the  artifical  atom 
'geonium'  (an  electron  bound  in  a  Penning  trap),  the 
authors  observed  up  to  ninth-order  multiple 
(pentacosiododecapole)  coherent  excitation  of  the 
electron's  magnetron  motion,  and  up  to  third-order  (oc- 
tuple) excitation  of  the  cyclotron  motion.  Also,  by  apply- 
ing two  fields  simultaneously,  the  authors  have  ob- 
served coherent  stimulated  Raman  Excitation  of  the 
electron's  motion. 
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The  potential  and  current  distributions  are  calculated 
across  the  width  of  a  quantum  Hall  effect  sample  for 
applied  currents  between  0  microA  and  225  microA. 
For  the  first  time,  both  a  confining  potential  and  a  cur- 
rent-induced charge-redistribution  potential  are  used. 
The  confining  potential  has  a  parabolic  shape,  and  the 
charge-redistribution  potential  is  logarithmic.  The  solu- 
tion for  the  sum  of  the  two  types  of  potentials  is  unique 
at  each  current,  with  no  free  parameters.  The  cal- 
culated potential  distributions  are  in  excellent  agree- 


ment with  contactless  electro-optic  effect  laser  beam 
measurements  of  Fontein  et  al. 
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A  third  generation  water  bath  based  blackbody  source 
has  been  designed  and  constructed  in  the  Radiometric 
Physics  Division  at  the  National  Institute  of  Standards 
and  Technology,  Gaithersburg,  MD.  The  goal  of  this 
work  was  to  design  a  large  aperture  blackbody  source 
with  improved  temporal  stability  and  reproducibility 
compared  with  earlier  designs,  as  well  as  improved 
ease  of  use.  These  blackbody  sources  operate  in  the 
278  K  to  353  K  range  with  water  temperature  combined 
standard  uncertainties  of  3.5  mK  to  7.8  mK.  The  cal- 
culated emissivity  of  these  sources  is  0.9997  with  a  rel- 
ative standard  uncertainty  of  0.0003.  With  50  mm  limit- 
ing aperture  at  the  cavity;  entrance,  the  emissivity  in- 
creases 0.99997. 
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We  present  a  brief  commentary  on  two-,  three-,  and 
four-vector  correlations  in  the  inelastic  scattering  of 
orbitally  aligned  calcium  atoms. 
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Methods  currently  used  to  optically  cool  and  trap 
atoms,  and  the  resulting  trap  densities  and  tempera- 
tures are  discussed.  Next,  the  types  of  cold-atom  colli- 
sion processes  that  occur  in  these  traps  are  discussed, 
with  emphasis  on  their  differences  compared  to  more 
familiar  atomic  collisions  at  thermal  and  higher  ener- 
gies. A  semiclassical  model  and  calculations  for  trap- 
loss  and  associative  ionization,  due  to  excited  state 
collisions  of  these  very  cold  atoms,  is  then  described. 
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The  short-  and  mid-term  noise  of  voltage  references 
based  on  Zener  diodes  are  the  limiting  factors  in  the 
accuracy  of  their  application  as  voltage  standards.  Al- 
though these  references  are  relatively  rugged,  survive 
the  rigors  of  shipping,  and  have  predictable  long-term 
behavior,  they  do  have  noise  in  the  voltage  output  val- 
ues with  a  time  dependence  about  the  same  as  the 
desired  measurement  intervals.  We  have  character- 
ized several  of  these  references  in  the  frequency  range 
of  10  to  the  minus  1  power  to  10  to  the  minus  6  power 
Hz  (time  intervals  of  seconds  to  months)  by  direct  com- 
parison to  a  Josephson  array  voltage  standard  at  the 
10  and  1  volt  level  with  nanvolt  precision.  Several 
distincty  different  regions  of  noise  characteristics  are 
observed.  Comparisons  are  made  with  1/f  and  other 
expected  behaviors  and  resulting  accuracy  limitations 
discussed. 
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We  have  searched  for  the  existence  of  the  permutation 
symmetric  ls2siS  state  of  helium  in  an  atomic  beam. 
Such  a  state  directly  violates  the  symmetrization  postu- 
late (SP)  of  quantum  mechanics  and  implies  a  break- 
down of  the  Pauli  exclusion  principle.  Our  data  con- 
strain recent  SP-violating  models  at  the  5  ppm  level. 
This  is  the  first  experiment  to  look  systematically  for 
an  SP-violating  state  with  no  multiple  occupancy  of  a 
quantum  state. 
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Translational  kinetic-energy  distributions  of  mass-se- 
lected ions  have  been  measured  in  diffuse,  low-current 
Townsend-type  discharges  at  high  electric  field-to-gas 
density  ratios  (E/N)  in  the  range  of  1  x  10  to  the  minus 
18  -2  x  10  to  the  minus  17  Vm2  (1-20  kTd).  The  dis- 
charges were  generated  in  Ar  and  N2  under  uniform- 
field  conditions  and  ion  energies  were  measured  using 
a  cylindrical-mirror  energy  analyzer  coupled  to  a 
quadrupole  mass  spectrometer.  The  mean  ion  ener- 
gies determined  from  measured  energy  distributions  of 
Ar+  in  Ar  and  N2+  in  N2  are  compared  with  the  mean 
energies  predicted  from  solutions  of  the  Boltzmann 
transport  equation  based  on  the  assumption  that  sym- 
metric resonant  charge  transfer  is  the  predominant  ion- 
neutral  interaction.  The  results  for  Ar+  and  N2+  are 
consistent  with  predictions  made  using  a  constant  (en- 
ergy independent)  cross  section  for  which  an  effective 
ion  temperature  can  be  defined.  However,  for  both 
ions,  the  measured  mean  energies  tend  to  fall  increas- 
ingly below  the  predicted  values  as  E/N  increases. 
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We  examine  the  effects  of  relativity  on  the  high-Z 
(where  Z  denotes  nuclear  charge)  behavior  of 
isoelectronic  sequences  and  the  modifications  require 
of  the  traditional  charge  expansion  theory.  We  propose 
that  the  idea  of  a  complex  be  refined  as  the  set  of  all 
configurations  with  the  same  occupation  of  angular- 
momentum  quantum  numbers  j  as  well  as  the  same 
principal  quantum  numbers  n.  This  leads  to  asymp- 
totic, high-Z  grouping  of  states  that  might  cut  across 
the  conventional  LS-coupled  states,  grouping  together 
levels  from  different  configurations,  as  long  as  the  n 
and  j  occupation  numbers  remain  the  same.  This  re- 
grouping substantially  reduces  the  asymptotic  configu- 
ration interaction  from  the  predicted  by  a  nonrelativistic 
theory.  Frequently  correlation  configurations  that  are 
significant  in  low-Z  ions  disappear  entirely  in  high-Z 
ions. 
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Pool  boiling  of  R-123  on  four  commercial  enhanced 
surfaces  was  investigated  both  calorimetrically  and  vis- 
ually. The  four  surfaces  were:  (1)  Turbo-BIITM-LP,  (2) 
High-FluxTM,  (3)  GEWA-KTM,  and  (4)  GEWA-TTM. 
The  surfaces  were  either  machined  or  soldered  onto 
a  flat  thick  OFHC  copper  plate.  This  permitted  20 
sheathed  thermocouples  to  be  embedded  in  the  cop- 
per for  accurate  heat  transfer  measurements.  The  dif- 
ference between  electric  resistance  and  fluid  heating 
was  investigated.  The  fluid  heating  condition  results  in 
heat  fluxes  that  are  as  much  as  32%  greater  than  those 
obtained  by  electric  resistance  heating.  Hysterisis  ef- 
fects near  the  results  in  heat  fluxes  that  are  as  much 
as  32%  greater  than  those  obtained  by  electric  resist- 
ance heating.  Hysterisis  effects  near  the  onset  of  nu- 
cleate boiling  were  also  investigated.  The  boiling  was 
visually  recorded  with  16mm  high  speed  film.  Mecha- 
nistic descriptions  of  the  boiling  activity  are  given  for 
each  surface. 
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Conductometric  and  oscillometric  evaluation  methods 
have  earlier  been  developed  to  determine  absorbed 
dose  in  the  ethanol-monochlorobenzene  dosimeter  so- 
lution. Recent  investigations  on  the  same  solution  as 
well  as  on  alanine  solutions  included  the  study  of  the 
possible  use  of  different  type  'conductometric'  elec- 
trodes and  the  study  of  the  effect  of  frequency  on  the 
sensitivity  of  the  method.  On  the  basis  of  these  inves- 
tigations an  oscillometric  reader  has  been  designed 
and  tested.  The  same  evaluation  methods  have  been 
tested  on  the  irradiated  aqueous  alanine  solutions, 
aiming  also  at  the  study  of  the  applicable  concentration 
of  the  alanine  solute  and  the  dose  (1  to  50  kGy)  and 
dose-rate  range  using  both  electron  and  gamma  radi- 
ation. 
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Graphite  calorimeters  in  both  single-slab  and  modular 
multiple-slab  disk  geometries  have  been  designed  and 
used  for  measuring  absorbed  doses  in  graphite  in  in- 
tense electron  beams  of  2  to  1 2  MeV  energy.  The  mod- 
ular system  has  also  been  used  with  two  to  eight 
graphite  elements  to  measure  electron-beam  depth- 
dose  curves  and  to  calibrate  the  response  functions  of 
radiochromic-film  and  alanine-pellet  dosimeters.  An 
advantage  of  this  new  design  is  that  such  calibrations 
can  be  accomplished  without  requiring  electron-beam 
current  or  charge  monitoring,  since  the  calorimeter 
modules  adjacent  to  the  dummy  graphic  element  used 
to  hold  the  dosimeters  during  calibration  provide  simul- 
taneous calorimetric  dose  monitoring.  Temperature- 
dependence  corrections  for  dosimeter  response  are 
also  simplified  in  this  way. 

04,056 

PB96-1 38441       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (PL), 

Gaithersburg,  MD.  Atomic  Physics  Div. 

Observation  and  Visible  and  uv  Magnetic  Dipole 

Transitions  in  Highly  Charged  Xenon  and  Barium. 

Final  rept. 

C.  A.  Morgan,  F.  G.  Serpa,  E.  Takacs,  J.  Sugar,  J. 
R.  Roberts,  C.  M.  Brown,  U.  Feldman,  E.  S.  Meyer, 
and  J.  D.  Gillaspy.  1995,  4p. 

Pub.  in  Physical  Review  Letters,  v74  n10  p1 71 6-1 71 9 
Mar  95. 

Keywords:  "Ions,  'Charged  ions,  Reprints,  'Atomic 
spectroscopy,  'Electron  Beam  Ion  Trap(EBIT). 

The  authors  have  observed  an  unusual  transition 
which  is  predicted  to  result  in  visible  and  near-uv  emis- 
sion from  very  highly  charged  titaniumlike  ions  span- 
ning the  entire  upper  half  of  the  periodic  table.  Meas- 
urements of  the  wavelengths  of  the  3d45D2-5D3  tran- 
sitions in  Ba+34  and  Xe+32  are  in  surprisingly  poor 
agreement  with  ab  initio  calculations.  This  work  was 
carried  out  in  an  electron  beam  ion  trap  and  dem- 
onstrates that  such  a  device  can  be  an  important  tool 
for  visible  spectroscopy  of  highly  charged  ions. 
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With  a  wall-stabilized  arc  source,  the  authors  have 
measured  the  relative  transition  probabilities  of  100 
lines  of  neutral  nitrogen  in  the  visible  and  near-infrared 
spectrum  and  have  normalized  their  data  to  an  abso- 
lute scale  utilizing  four  recent  lifetime  results.  The  au- 
thors estimate  that  the  expanded  uncertainties  of  their 
data  are  in  the  range  of  plus  or  minus  11-15%.  For  a 
number  of  3s-3p  and  3p-3d  multiplets.  They  have 
measured  complete  sets  of  lines  and  observe  that 
most  3p-3d  multiplets  show  considerable  departure 
from  LS  coupling,  while  the  3s-3p  multiplets  adhere  to 
it  within  plus  or  minus  20%.  Agreement  between  inter- 
mediate coupling  calculations  and  their  experimental 
data  for  the  3p-3d  multiplets  is  noticeably  better,  but 
significant  differences  are  still  encountered  for  two 
multiplets  originating  from  the  3d4P  level. 
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Excitation  of  currents  on  an  infinitely  long  conductor  is 
analyzed  for  horizontal  electric  dipole  or  line  sources 
and  for  plane-wave,  far-field  source.  Any  of  these 
sources  can  excite  strong  currents  which  produce 
strong  scattered  fields  for  detection.  Numerical  results 
for  these  sources  indicate  that  long  conductors 
produce  a  strong  anomaly  over  a  broad  frequency 
range.  The  conductor  can  be  either  insulated  or  bare, 
to  model  either  ungrounded  or  grounded  conductors. 
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The  ion  energy  distributions  (lEDs)  striking  surfaces  in 
rf  glow  discharges  are  importatnt  in  the  context  of  plas- 
ma etching  during  the  fabrication  of  microelectronics 
devices.  In  discharge  sustained  in  molecular  gases  of 
multicomponent  gas  mixtures,  the  shape  of  the  IED 
and  the  relative  magnitudes  of  the  ion  fluxes  are  sen- 
sitive to  ion-molecule  collisions  which  occur  in  the 
presheath  and  sheath.  Ions  which  collisionlessly  tra- 
verse the  sheaths  or  suffer  only  elastic  collisions  arrive 
at  the  substrate  with  a  measurably  different  IED  than 
do  ions  which  undergo  inelastic  collisions.  In  this  article 
we  present  measurements  and  results  from  parametric 
calculations  of  lEDs  incident  on  the  grounded  elec- 
trode of  a  rf  glow  discharge  sustained  in  a  He/N2  gas 
mixture  while  using  a  Gaseous  Electronics  Conference 
Reference  Cell  (33.3  Pa,  13.56  MHz). 
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This  paper  examines  time  domain  methods  for  charac- 
terizing signal  propagation  in  uniform  transmission 
lines.  The  impact  of  the  limitations  associated  with  time 
domain  instrumentation  and  methodologies  are  exam- 
ined and  guidelines  for  minimizing  errors  are  pre- 
sented. 
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Time  domain  network  analysis  (TDNA)  has  become  a 
realistic  competitor  to  conventional  automatic  network 
analyzers.  Off-line  processing  of  data  from  fast  digital 
sampling  oscilloscopes  can  provide  measurements  of 
network  parameters  with  an  accuracy  that  is  accept- 
able for  many  packaging  and  interconnection  problems 
at  frequencies  from  dc  to  over  10  GHz.  Since  many 
packaging  laboratories  have  ready  access  to  the  re- 
quired instruments,  TDNA  brings  many  advanced 


measurement  capabilities  into  the  hands  of  engineers 
to  whom  a  conventional  network  analyzer  is  unavail- 
able. 
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The  simultaneous  emission  and  detection  of  radiation 
with  a  semiconductor  laser  is  investigated.  Measured 
signal-to-noise  ratios  of  up  to  56  dB  demonstrate  that 
self-detecting  devices  are  adequate  for  sensor  applica- 
tions with  discrete  measurands.  The  authors  observed 
a  strong  polarization  dependence,  which  can  cause  re- 
sponse fluctuations,  and  suggest  methods  to  minimize 
these  fluctuations.  This  technique  could  be  used  for 
lower-cost  sensors  without  splitters  and  detectors. 
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The  effect  of  noise  on  the  possible  occurrence  of  chaos 
in  systems  with  a  homoclinic  orbit  was  recently  inves- 
tigated in  the  literature  on  the  bais  of  a  redefinition  of 
the  Melnikov  function.  The  purpose  of  this  note  is  to 
show  that,  even  in  the  case  of  deterministic  equations, 
this  redefinition  is  not  consistent  with  the  geometry  of 
the  perturbed  orbits  and  would  therefore  lead  to  incor- 
rect solutions.  The  possibility  is  then  explored  in  devel- 
oping a  necessary  condition  for  the  occurrence  of 
homoclinic  chaos  in  forced  systems  perturbed  addi- 
tively  by  a  commonly  used  approximate  representation 
of  white  noise. 
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A  model  for  calculating  second  and  third  virial  coeffi- 
cients, originally  developed  to  describe  the  behavior  of 
polar  halocarbon  refrigerants  and  their  mixtures,  has 
been  applied  to  systems  of  natural  gas  hydrocarbons 
and  their  common  impurities,  namely  H2S,  H20,  C02, 
CO,  and  N2.  It  can  be  used  to  correlate  data,  point  out 
probable  errors  and  provide  predictions  where  data  are 
nonexistent  or  unreliable.  It  also  provides  a  means  for 
calculating  accurate  gas-phase  densities,  thermo- 
dynamic properties,  fugacities,  and  'calculated  data' 
which  can  be  incorporated  into  global  equations  of 
state  for  phase  equilibrium  calculations.  Examples  are 
shown  for  some  of  the  pure  components  and  for  the 
binary  systems  C2H6  +  H2S  and  CH4  +  H20.  In  the 
case  H20,  terms  are  included  that  account  for  associa- 
tion. Comparisons  are  made  with  available  data,  and 
predicted  values  are  shown  where  no  data  exist. 
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In  this  paper,  the  authors  present  and  analyze  an  im- 
proved spectrometer  design  that  has  evolved  from 
studies  of  the  focal  properties  of  transmission  gratings 
in  converging  light  beams.  This  design  uses  a  variable 
line  space  grating  at  a  fixed  angle  of  incidence  to  focus 
the  diffracted  light  in  one  dimension,  producing  resolu- 
tions in  excess  of  1000  over  a  large  wavelength  region. 
Attractive  features  of  this  concept  include  high  through- 
put, simple  wavelength  scanning,  simple  optical  ele- 
ments (plane  gratings  and  plane  and  toroidal  mirrors), 
and  relatively  inexpensive  realizations.  After  present- 
ing a  mathematical  analysis  of  the  primary  design  fea- 
tures, the  authors  discuss  implementations  of  this  de- 
sign both  as  a  spectrometer  and  as  two  versions  of 
beamline  monochromators.  Design  parameters  for  the 
two  monochromators  will  be  given. 
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In  Neutron  Depth  Profiling  (NDP),  inferences  about  the 
concentration  profile  of  an  element  in  a  material  are 
based  on  the  energy  spectrum  of  charged  particles 
emitted  due  to  specific  nuclear  reactions.  The  detector 
response  function  relates  the  depth  of  emission  to  the 
expected  energy  spectrum  of  the  emitted  particles. 
Here,  the  detector  response  function  is  modeled  for  ar- 
bitrary source  and  detector  geometries  based  on  a 
model  for  the  stopping  power  of  the  material,  energy 
straggling,  multiple  scattering  and  random  detector 
measurement  error.  At  the  the  NIST  Cold  Neutron  Re- 
search Facility,  a  NDP  spectrum  was  collected  for  a 
diamond-like  carbon  (DLC)  sample  doped  with  boron. 
A  vertical  slit  was  placed  in  front  of  the  detector  for  col- 
limation.  Based  on  the  computed  detector  response 
function,  a  model  for  the  depth  profile  of  boron  is  fit 
to  the  observed  NDP  spectrum.  The  contribution  of 
straggling  to  overall  variability  was  increased  by  mul- 
tiplying the  Bohr  Model  prediction  by  a  ramp  factor. 
The  adjustable  parameter  in  the  ramp  was  selected  to 
give  the  best  agreement  between  the  fitted  profile  and 
the  expected  shape  of  the  profile.  The  expected  shape 
is  determined  from  experimental  process  control 
measurements. 
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The  Al  L2.3  soft-x-ray  reflection  and  emission  spectra 
of  AlxGa1-xAs  have  been  measured  for  x  between 
0.17  and  1.0.  The  valence-band  maximum  was  mon- 
itored via  the  emission  spectra  using  a  fit  based  on 
band-structure  parameters.  The  dominant  features  in 
the  reflection  spectra  are  produced  by  the  L2.3  core 
excitons.  Since  both  the  reflection  spectra  and  emis- 
sion spectra  were  obtained  using  the  same  soft-x-ray 
spectrometer,  the  energies  of  the  excitons  above  the 
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valence-band  maximum  are  acurately  obtained.  The 
known  values  of  the  optical  band  gap,  as  a  function 
of  x,  are  then  used  to  determine  the  core  exciton  bind- 
ing energy.  The  core  excitons  are  found  to  follow  and 
lie  above  the  conduction-band  minimum  by  0.3  eV  as 
the  Al  composition  changes.  Our  results  are  compared 
to  various  core  exciton  theories  and  to  previous  experi- 
ments. 
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A  new  spectrometer  for  classifying  aerosol  particles 
according  to  specific  masses  is  being  considered 
(Ehara  et  at.  1995).  The  spectrometer  consists  of  con- 
centric cylinders  which  rotate.  The  instrument  is  de- 
signed so  that  an  electric  field  is  established  between 
the  cylinders.  Thus,  aerosol  particles  injected  into  the 
spectrometer  are  subjected  to  a  centrifugal  force  and 
an  electric  force.  Depending  on  the  balance  between 
these  two  forces,  as  well  as  Brownian  motion,  charged 
particles  either  pass  through  the  space  between  the 
cylinders  or  stick  to  either  cylinder  wall.  Particles  which 
pass  through  are  detected.  Given  the  rotation  rate, 
voltage  drop  and  physical  dimensions  of  the  device, 
we  calculate  the  probability  of  detection  in  terms  of  par- 
ticle density,  diameter  and  charge. 

04,069 

PB96-157912       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL), 
Gaithersburg,  MD.  Electron  and  Optical  Physics  Div. 
Soft-X-ray-Emission  Investigation  of  Cobalt  Im- 
planted Silicon  Crystals. 
Final  rept. 

J.  J.  Jia,  T.  A.  Callcott,  W.  L.  O'Brien,  J.  E. 
Rubensson,  D.  L.  Ederer,  Z.  Tan,  F.  Namavar,  J.  I. 
Budnick,  Q.  Y.  Dong,  and  D.  R.  Mueller.  1991,  5p. 
Pub.  in  Jnl.  of  Applied  Physics,  v69  n1 1  p7800-7804 
Jun  91. 

Keywords:  "X  ray  emissions,  "Semiconductors,  Core 
excitation,  Silicide,  Reprints,  Band  structure,  Ion  im- 
plantation. 

The  Si  L2,3  emission  spectra  of  silicon  crystals  im- 
planted with  Co  at  doses  of  (1  -8)  x  1 0  to  the  1 7th  power 
Co/cm2  have  been  examined  using  soft-x-ray-emis- 
sion  (SXE)  spectroscopy.  At  the  lowest  dose,  the  spec- 
tra are  little  modified  from  that  of  crystalline  Si,  indicat- 
ing that  only  a  small  fraction  of  Si  is  in  the  form  of 
silicides  within  the  probe  depth  of  SXE  spectroscopy. 
For  higher  doses  and  implant  profiles  with  Co  extend- 
ing to  the  surface,  there  is  clear  evidence  ordered 
CoSi2  combined  with  richer  Co  phases,  but  little  evi- 
dence for  pure  Si  or  for  ordered  regions  of  CoSi. 
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We  present  the  first  soft-x-ray-emission  spectra  for 
solid  Kr  (4p-3d)  and  Xe  (5p-4d)  that  are  free  of  com- 
plicating satellite  spectra.  Monochromatic  synchrotron- 
radiation  excitation  is  used  to  suppress  the  satellites. 
The  data  are  analyzed  to  determine  the  P3/2  band- 
width for  both  elements;  these  results  are  compared 
with  both  photoemission  data  and  available  theoretical 
calculations.  Bandwidths  are  found  to  be  larger  than 
those  predicted  by  most  electronic  structure  calcula- 
tions. 
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Bulk  iron  silicides  and  implanted  iron  silicides  have 
been  studied  by  soft-x-ray  emission  (SXE)  spectros- 
copy. The  Si  L2,3  emission  spectra  of  these  materials 
are  measured.  For  bulk  silicides,  these  spectra  provide 
a  measure  of  s-  and  d-type  partial  density  of  states 
(PDOS)  localized  on  the  Si  sites.  We  compare  them 
with  available  band-structure  calculations  and  also  with 
photoemission  measurements.  For  implanted  systems, 
the  Si  L2,3  emission  spectra  provide  useful  information 
about  the  silicide  formation  process  with  the  variation 
of  implant  doses. 
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The  electron-stimulated-desorption  ion  angular  dis- 
tributions (ESDIAD)  of  positive  ions,  negative  ions,  and 
metastable  species  from  PF,  and  K  coadsorbed  on  a 
Ru(0001)  surface  are  measured.  In  the  absence  of  K, 
only  positive-  and  negative-ion  ESDIAD  is  observed, 
showing  highly  anisotropic,  off-normal  fluorine-ion 
emission  (F+,  F-)  from  PF3,  which  demonstrates  that 
PF  bonds  are  inclined  away  from  the  surface  normal. 
In  the  presence  of  K,  ESDIAD  patterns  of  F+,  F-,  and 
metastable  F(star)  display  only  normal  emission,  sug- 
gesting a  reorientation  or  chemical  reaction  which  re- 
sults in  fluorine  bonding  perpendicular  to  the  surface. 
Thermal  desorption  spectrometry,  Auger  electron 
spectroscopy,  and  soft-x-ray  photoemission  (SXPS) 
are  used  to  determine  the  surface  chemistry  as  an  aid 
in  intepreting  the  ESDIAD  results.  The  SXPS  data 
show  that  in  the  presence  of  potassium,  PF3  dissoci- 
ates, possibly  forming  KF-like  species,  which  suggests 
that  an  alkali-metal-induced  chemical  reaction  is  re- 
sponsible for  the  changes  observed  in  ESDIAD.  The 
yields  of  the  various  desorbed  fluorine  species  vary 
strongly  with  potassium  coverage;  the  results  for  F- 
and  F(star)  are  interpreted  in  terms  of  a  charge-trans- 
fer model. 
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The  ac  Stark  shifts  of  four  high-lying  Ca  levels  in  in- 
tense laser  f ields  ( 1 0  to  the  8th  power  to  1 0  to  the  1 0th 
power  W/sq.  cm)  are  studied  using  two-photon  ioniza- 
tion spectroscopy.  The  two-photon  Rabi  rates  and 
photoionization  cross  sections  for  excited  states  are 
also  measured,  and  compared  to  values  obtained  from 
detailed  modeling  of  the  RIS  profiles.  Although  three 
Rydberg  levels  studied  display  the  expected 
pondermotive  energy  shifts,  a  fourth  doubly-excited 


level  deviates  significantly  from  the  ponderomotive  be- 
havior. 
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Using  two-photon  absorption  laser  spectroscopy  of  cal- 
cium, Makdisi  and  Bhatia  presented  a  well-resolved 
series  that  they  tentatively  assigned  as  4S2  1  SO  -  4snf 
1 F3  (n  =  33  -  59).  We  find  this  assignment  to  be  erro- 
neous. Calculations  of  quantum  defects  and  a  com- 
parison of  their  observed  energy  levels  with  previously 
determined  values  reveal  that  the  spectra  actually  rep- 
resent the  4s2  1S0  -  4snp  1P1  series  (n  =  34  -  60). 
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Julienne  recently  predicted  a  dramatic  laser-intensity- 
dependent  modification  of  the  associative  ionization 
(Al)  rate  in  ultracold  collisions.  We  observe  such  a 
modification,  but  with  a  behavior  inconsistent  with  the 
originally  proposed  mechanism.  Furthermore,  we  find 
resonant  structure  in  the  spectrum  of  Al  rate  versus 
laser  frequency,  showing  the  importance  of  molecular 
bound  states  in  the  Al  process.  These  observations  are 
explained  in  a  new  theoretical  treatment  by  Julienne 
and  Heather  (preceding  Letter). 
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Monochromatic  photon  beams  were  used  to  excite  bar- 
ium NIV.V  soft  x-ray  emission  spectra  from 
YBa2Cu307-delta,  prBa2Cu307-delta,  BaF2,  and 
BaTi03.  Near  threshold  excitation  was  used  to  dem- 
onstrate that  small  contributions  to  the  barium  NV  and 
NIV  emission  spectra  in  the  energy  region  above  the 
5p->4d  core-core  transitions  do  not  arise  as  satellite 
emission  from  transitions  in  multiply  excited  atoms  but 
rather  occur  as  a  result  of  transitions  from  the  valence 
states.  The  emission  spectrum  of  YBa2Cu307-delta 
and  PrBa2Cu307-delta  reveals  a  contribution  to  the 
electronic  density  of  states  at  the  barium  site  in  the  re- 
gion near  the  Fermi  level.  The  YBa2Cu307-delta 
compound  is  a  superconductor  and  PrBa2Cu307- 
delta  is  an  insulator.  It  has  been  proposed  that  the  dif- 
ference between  them  is  due  to  mixing  of  praseo- 
dymium and  barium  among  the  sites  occupied  by  yt- 
trium and  barium,  with  an  accompanying  change  in 
electronic  structure.  However,  the  authors'  measure- 
ments indicate  that  the  barium  partial  density  of  states 
for  the  two  compounds  are  essentially  identical. 
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Photon-excited  soft  x-ray  emission  spectra  for  CuO, 
Cu20,  and  bismuth  cuprate  in  the  region  of  the  Cu  3d- 
->3p  transitions  were  measured  to  obtain  bulk-sen- 
sitive electronic  partial  density-of-states  information. 
For  CuO  and  Cu2  transitions  from  the  valence  levels 
into  the  Mn  and  Mm  levels  were  clearly  resolved.  The 
emission  features  were  separated  by  the  2.3-eV  spin- 
orbit  interaction  of  the  copper  3p1/2  and  3p3/2  states 
and  appeared  in  the  statistical  intensity  ratio.  The  cop- 
per Mm  emission  spectrum  of  the  superconductor  is 
broader  than  the  spectra  CuO  and  Cu20.  For  all  three 
compounds  the  shape  of  the  Mm  emission  spectrum 
extracted  from  the  data  is  qualitively  similar  to  calcula- 
tions of  the  copper  single-particle  local  density  of 
states.  No  evidence  of  multiplet  structure  was  ob- 
served in  the  emission  spectrum  of  CuO  in  spite  of  the 
open  d  shell  in  the  ground  state.  The  measurements 
are  compared  with  published  copper  L  emission  data 
and  photoemission  results. 
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The  ac  Stark  shift  in  xenon  Rydberg  levels  is  directly 
measured  using  resonance  ionization  spectroscopy. 
The  authors  report  excellent  agreement  between  the 
measured  shifts  and  the  near-ponderomotive  shifts 
predicted  by  detailed  theory  of  the  resonant  ionization 
process. 
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The  L23  reflection  spectra  for  single-crystal  MgO, 
alpha-AI203,  and  alpha-Si02  are  measured.  These  re- 
flection spectra  are  used  to  generate  absorption  spec- 
tra that  agree  well  with  electron-total-yield  and  elec- 
tron-energy-loss measurements.  Exciton  features  are 
shown  to  exist  in  the  band  gap  by  comparing  the  va- 
lence-band maximum  plus  optical  band  gap  to  the  ob- 
served transition  energies.  The  energy  splitting  on  the 
L2-L3  excitons,  as  seen  in  reflection,  is  clearly  resolved 
for  AI203  and  Si02,  while  in  electron-total-yield  meas- 
urements the  doublets  are  not  resolved  for  AI203.  This 
resolution  allows  the  calculation  of  the  exchange  en- 
ergy using  intermediate-coupling  theory. 
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The  authors  have  recently  begun  a  series  of  upgrades 
to  the  NIST/ARPA  National  Reflectometry  Facility  at 
the  Synchrotron  Ultraviolet  Radiation  Facility.  The  facil- 
ity currently  consists  of  a  new  monochromator  and  the 
original  sample  manipulator  which  allows  the  authors 
to  measure  optical  components  less  than  10  cm  in  di- 
ameter. The  monochromator  offers  high  throughput 
and  modest  resolution  over  the  wavelength  range  3.5- 
40  nm.  In  the  next  year  the  authors  will  be  installing 
a  sample  manipulator  that  will  be  able  to  accommodate 
the  much  larger  optics  that  will  be  used  in  future  x-ray 
projection  lithography  and  astronomy  instruments.  The 
authors  offer  preliminary  measurements  of  the 
throughput  and  resolution  of  the  new  monochromator. 
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Ion  implanted  planar  p-n  junctions  are  important  for  sili- 
con carbide  discrete  devices  and  integrated  circuits. 
Conversion  to  p-type  of  n-type  6H-SiC  was  observed 
for  the  first  time  using  boron  implantation.  Diodes  were 
fabricated  with  boron  implants  at  25  and  1000  degrees 
C,  followed  by  1300  degrees  C  post-implant  annealing 
in  a  furnace.  The  best  diodes  measured  at  21  degrees 
C  exhibited  an  ideality  factor  of  1 .77,  reverse  bias  leak- 
age of  10  to  the  minus  10th  power  A/sq.  cm.  at  -  10 
V,  and  a  record  high  (for  a  SiC-implanted  diode)  break- 
down voltage  of  -  650  V. 
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Experimental  and  theoretical  work  probing  the  dynam- 
ics of  dissociative  adsorption  and  recombinative 
desorption  of  hydrogen  at  Si(100)  and  Si(1 11)  surfaces 
is  reviewed.  Whereas  molecular  beam  experiments 
demonstrate  that  molecular  excitations  do  aid  in  over- 
coming a  substantial  activation  barrier  toward  adsorp- 
tion, desorbed  molecules  are  found  to  'iave  a  total  en- 
ergy content  only  slightly  above  the  equilibrium  expec- 
tation at  the  surface  temperature.  A  consistent  inter- 
pretation of  the  ad/desorption  dynamics  is  arrived  at 
which  requires  neither  a  violation  of  microscopic  re- 
versibility nor  defect-mediated  processes.  An  essential 
element  of  this  model  is  that  surface  atom  relaxations 
play  an  essential  role  in  the  dynamics  such  that  dif- 
ferent portions  of  the  potential  energy  hypersurface 
govern  the  results  of  adsorption  and  desorption  experi- 
ments. The  'lost'  energy,  i.e.  that  portion  of  the  activa- 
tion energy  not  evident  in  the  total  energy  of  the 
desorbed  molecules,  is  deposited  in  the  surface  co- 
ordinates where  it  is  inaccessible  to  experiments  that 
probe  the  desorbates  final  state. 
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The  defect  microstructure  of  silicon-on-insulator  wafers 
produced  by  multiple  cycles  of  oxygen  implantation 
and  annealing  was  studied  with  transmission  electron 
microscopy.  The  dominant  defects  are  stacking  fault 
pyramids  (SFPs),  30-100  nm  wide,  located  at  the 
upper  buried  oxide  interface  at  a  density  of  approx.  10 
to  the  6th  power  cm  to  the  minus  2  power.  The  defects 
are  produced  by  the  expansion  and  interaction  of 
narow  stacking  fault  (NSF)  ribbons  pinned  to  residual 
precipitates  in  the  top  silicon  layer.  Consideration  of 
the  energetics  of  the  transformaion  from  a  collection 
of  four  NSF  ribbons  to  a  single  SFP  indicates  that  the 
reaction  is  energetically  favorable  below  a  critical  NSF 
length.  Thus  small  defects  are  stable  as  SFPs  while 
large  defects  are  stable  as  NSF  ribbons. 
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Resonant  impact  ionization  (Rll)  spectroscopy,  a  new 
technique  for  studying  low  concentrations  of  trap  levels 
in  narrow-gap  Hg(1-x)Cd(x)Te,  has  been  used  to  in- 
vestigate impurity  and  defect  levels  in  both  bulk  and 
liquid  phase  epitaxy  (LPE)  crystals  of  this  ternary  mate- 
rial. Mercury  interstitials,  deliberately  introduced  into 
bulk  samples  with  x  equals  0.22  and  x  equals  0.24, 
provide  direct  evidence  for  the  formation  of  trap  levels 
near  45  and  61  meV  above  the  valence  band  edge  for 
these  x-value  samples.  The  61meV  level  in  the  x 
equals  0.24  (Eg  =121  meVat  5  K)  sample  is  seen  to 
enhance  the  transition  strength  of  resonant  two-photon 
magneto-absorption  (TPMA)  observed  at  high  fields  by 
acting  as  a  near-resonant  intermediate  state  for  the 
two-photon  process.  In  the  LPE  material,  samples 
which  have  received  just  a  post-anneal  in  an  Hg-satu- 
rated  atmosphere  show  strong  (Rll)  structure  due  to 
defect  levels  at  equals  60  meV  above  the  valence 
band,  whereas  samples  which  are  both  doped  with  in- 
dium and  post-annealed  show  only  intrinsic  one-pho- 
ton magneto-absorption  structure. 
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Phonon-relaxation  effects  on  the  L2.3  soft-x-ray  emis- 
sion of  MgO,  AI203,  and  Si02  are  measured  by  com- 
paring soft-x-ray  emission  spectra  to  photoelectron 
spectra.  The  observed  shifts  of  the  soft-x-ray  emission 
spectra  relative  to  the  photoelectron  spectra  are  identi- 
fied as  Stokes  shifts  and  are  described  in  terms  of  par- 
tial phonon  relaxation.  The  observed  Stokes  shifts  are 
0.5,  0.9,  and  1 .2  eV  for  MgO,  AI203,  and  Si02,  respec- 
tively. Similar  measurements  on  Mg,  Al,  and  Si  show 
no  detectable  Stokes  shift  within  the  experimental  un- 
certainty of  0.2  eV.  The  larger  Stokes  shifts  observed 
in  the  oxides  are  due  to  the  longer  core-hole  lifetime, 
the  faster  phonon  relaxation,  and  larger  phonon  relax- 
ation energy  in  the  oxides. 
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Recent  advances  in  laser  cooling,  including  tempera- 
tures as  low  a  few  microkelvin,  and  the  demonstration 
of  the  ability  to  launch  atoms  while  maintaining  these 
low  temperatures,  now  allows  the  realization  of  atomic 
fountain  frequency  standards.  An  analysis  of  a  Cs 
microwave  fountain  predicts  potential  stability  anmd 
accuracy  improvements  of  a  factor  of  100  over  present 
laboratory  standards,  with  an  ultimate  accuracy  near 
10  to  the  16th  power.  An  optical  frequency  standard 
based  on  a  two-photon  transition  in  xenon  is  analyzed 
and  shown  to  have  potential  stability  5  orders  of  mag- 
nitude better  than  current  Cs  standards,  and  a  possible 
accuracy  of  10  to  the  18th  power.  Neutral  atom  fre- 
quency standards  will  have  much  better  signal-to-noise 
(S/N)  ratios  than  ion  standards,  but  suffer  from  large 
systematic  effects,  making  the  two  technologies  com- 
plementary in  many  ways. 
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We  have  recently  completed  construction  of  a  high 
throughput,  modest  resolution  soft  x-ray 
monochromator  installed  at  the  Synchrotron  Ultraviolet 
Radiation  Facility  of  the  National  Institute  of  Standards 
and  Technology.  Although  this  monochromator  will  be 
used  primarily  to  characterize  the  optical  properties  of 
multilayer-coated  x-ray  optics,  the  versatility  of  the  in- 
strument will  enable  us  to  measure  such  properties  as 
reflectivity,  transmission,  diffraction,  and  scatter  of  a 
variety  of  component.  We  present  measurements  of 
monochromator  throughput  and  resolution. 
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We  describe  the  capabilities  of  the  exciting  NIST  soft 
X-ray  reflectometry  program  and  outline  our  proposed 
new  characterization  facility. 
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We  study  multiple  ionization  of  atoms  by  a  strong  laser 
field  using  a  time-dependent  approach  based  on  the 
Thomas-Fermi  model.  The  evolution  of  the  electron 


density  under  the  influence  of  transient,  linearly  polar- 
ized radiation  field  is  determined  by  numerical  solution 
of  hydrodynamic  equations  on  a  two-dimensional  grid. 
We  find  a  threshold  'appearance  intensity'  for  a  given 
charge  state,  i.e.,  the  laser  intensity  at  which  such  a 
charge  state  first  appears,  which  is  in  reasonable 
agreement  with  experimental  results  for  high  charge 
states. 
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Four  major  tasks  of  accurate  positioning  are  examined: 
generating  highly  repeatable  motion  in  a  workspace, 
constructing  a  metrology  frame  from  highly-stable,  ac- 
curate lines  and  planes,  realizing  a  metric  in  the  work- 
space, and  linking  the  workpiece  to  the  coordinate  sys- 
tem with  a  probe.  Optical  scales,  x-ray  interferometry, 
optical  heterodyne  interferometry,  Fabry-Perot  etalons, 
and  impedance-based  transducers  are  evaluated  as 
possible  means  to  realize  a  metric.  The  major  error 
sources,  practical  limitations,  and  guidelines  for  estab- 
lishing a  coordinate  reference  frame  are  described. 
The  repeatability  of  sliding  bearings  and  flexure  bear- 
ings is  examined  and  this  combined  with  cosine  and 
Abbe  offset  errors  is  used  to  estimate  uncertainties  in 
generating  and  measuring  linear  motion.  Finally,  the 
effects  of  probe-substrate  forces  and  energies  of  inter- 
actions on  positioning  accuracy  are  discussed. 
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The  commercial  equipment  for  measuring  lithography 
patterns  has  reached  an  accuracy  level  which  makes 
it  difficult  to  provide  two  dimensional  artifact  of  higher 
accuracy  for  use  as  calibration  standards.  Because  of 
the  simpler  nature  of  one-dimensional  measurements, 
it  is  still  possible  to  measure  one  line  of  a  grid  plate 
to  a  higher  accuracy  than  is  possible  using  the  two  di- 
mensional measurement  machines.  The  main  idea  of 
this  paper  is  to  introduce  the  idea  of  using  a  partially 
calibrated  grid  plate  (one  of  two  lines  calibrated)  and 
a  series  of  measurements  of  the  whole  plate  on  the 
two  dimensional  machine  to  produce  a  calibration  of 
both  the  grid  plate  and  the  machine.  The  authors'  pro- 
cedure involves  measurement  of  a  grid  plate  in  three 
specified  orientation.  The  measurement  data  is  used 
to  build  an  error  compensation  model.  The  following 
sections  give  a  brief  description.  Software  compensa- 
tion of  a  coordinate  measuring  machine  has  become 
an  accepted  practice  to  enhance  the  accuracy  of  a 
CMM.  In  addition  to  parametric  error  compensation 
schemes,  research  work  in  self  calibration  schemes 
have  also  been  carried  out  in  recent  years.  Hocken  and 
Borchardt  used  the  measurements  of  an  artifact  in  two 
specified  orientations  to  model  squareness  and  scale 
error.  Belforte,  et  al.  Developed  a  model  that  included 
the  twenty  one  error  components.  They  used  legendre 
polynomials  to  model  the  errors.  The  self  calibration 
methods  eliminate  the  need  for  calibrated  artifacts,  but 
require  the  dimensional  stability  of  the  artifacts  during 
the  measurement.  Raugh  has  also  developed  a  meth- 
od that  falls  under  this  category.  The  authors'  method 
is  an  extension  of  the  Hocken-Borchardt  method. 
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In  analogy  to  current  fluctuations  found  in  solid  state 
electronic  microstructure  devices,  excess  noise  gen- 
erated by  the  reversible  ionization  of  sites  in  a 
transmembrane  ionic  channel  was  observed.  By  ana- 
lyzing the  pH-dependent  fluctuations  in  the  current 
through  fully  open  single  channels  formed  by  the 
alpha-toxin  protein,  the  authors  were  able  to  evaluate 
the  protonation  rate  constants,  the  number  of  sites  par- 
ticipating in  the  protonation  process,  and  the  effect  of 
recharging  a  single  site  on  the  channel  conductance. 
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The  authors  observed  excess  current  noise  generated 
by  the  reversible  ionization  of  sites  in  a  transmembrane 
protein  ion  channel,  which  is  analogous  to  current  fluc- 
tuations found  recently  in  solid  state  microstructure 
electronic  devices.  Specifically  the  current  through  fully 
open  single  channel  formed  by  Staphylococcus  aureus 
alpha-toxin  show  pH  dependent  fluctuations.  The  au- 
thors show  that  noise  analysis  of  the  open  channel  cur- 
rent can  be  used  to  evaluate  the  ionization  rate  con- 
stants, the  number  of  sites  participating  in  the  ioniza- 
tion process,  and  the  effect  of  recharging  a  single  site 
on  the  channel  conductance. 
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Neutron  beta-decay  is  a  proto-typical  semi-leptonic 
weak  interaction  whose  rate  is  of  considerable  theoreti- 
cal importance.  Accurate  measurements  of  the  neutron 
decay  rate  along  with  Big  Bang  nucleosynthesis  cal- 
culations and  measurements  of  light  element  abun- 
dances constrain  the  number  of  light  neutrino  species, 
Nv.  This  constraint  currently  agrees  with  the  number 
of  neutrino  species  inferred  from  the  recent  precision 
measurements  of  the  decay  width  of  the  Z  boson.  A 
resolution  of  the  current  disagreement  among  experi- 
mental values  for  the  neutron  lifetime  Tn,  the  neutron 
beta  asymmetry  An,  and  fr-values  of  pure  Fermi  0+ 
goes  to  0+  superallowed  beta-transitions  might  require 
extensions  to  the  Standard  Model.  In  the  coming  year 
the  authors  hope  to  improve  by  a  factor  of  four  the  ac- 
curacy of  their  previous  measurement  of  the  neutron 
lifetime  (5.3  goes  to  approximately  1.5s).  The  current 
status  and  future  prospects  for  the  measurement  are 
discussed. 
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Automated  inspection  of  printed  wiring  assemblies, 
particularly  those  using  surface  mount  technology,  has 
become  practical  with  the  advent  of  high-speed  vision 
processing  for  dimensional  measurements  on  each 
feature  coupled  with  artificial  intelligence  tools  to  make 
decisions  based  on  the  measurements.  In  this  paper 
the  authors  present  accuracy  tests  of  such  a  system 
based  on  the  measurement  of  known  artifacts  which 
simulate  the  geometry  of  typical  solder  joints. 
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The  national  measurement  system  concerns  the  rela- 
tionships between  individual  measurements  and  the 
specific  units  of  measure.  In  some  cases,  gage  blocks 
for  example,  there  are  standards,  a  large  body  of  sci- 
entific research,  and  considerable  effort  taken  to  trace 
the  accuracy  of  blocks  used  in  manufacturing  back  to 
the  unit  of  length.  The  international  trend  to  laboratory 
accreditation  (NVLAP,  NAMAS,  etc.)  is  a  formalization 
of  the  idea  of  assuring  measurement  accuracy  by  as- 
sessment of  laboratory  practice  and  evaluation  of  a 
measurement  system's  relation  to  the  unit  of  length. 
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The  derivation  of  the  equations  of  nonequilibrium  sta- 
tistical mechanics  is  reviewed.  These  exact  closed 
equations  are  valid  for  nonlinear  systems  arbitrarily  far 
from  equilibrium.  In  the  short-correlation-time  and  local 
limit  they  reduce  to  the  equations  of  nonequilibrium 
thermodynamics  with  molecular  expression  for  the 
transport  coefficients. 
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A  relative  cross  section  measurement  of  the  10B(n, 
alpha,  gamma)7Li  cross  section  was  made  using  the 
ORELA  neutron  source.  The  reaction  was  measured 
by  observing  the  478  keV  photon  using  a  30%  effi- 
ciency germanium  detector.  The  neutron  flux  was  mon- 
itored with  a  high  efficiency  plastic  scintillator.  Data 
analysis  required  the  use  of  extensive  Monte  Carlo  cal- 
culations for  corrections  to  the  data.  The  measured 
cross  section  differs  as  much  as  40%  from  the  ENDF/ 


B-VI  evaluation  for  neutron  energies  greater  than  1.5 
MeV. 
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The  presence  of  a  high  partial  pressure  of  deuterated 
water  in  the  vacuum  of  the  scattering  chamber  of  an 
MeV  ion  accelerator  system  was  shown  to  promote  the 
incorporation  of  deuterium  into  a  thin  polyimide  target 
subjected  to  1 .3  MeV  4He+  irradiation.  When  the  back- 
ground pressure  in  the  chamber  was  low,  2.7  x  10  to 
the  minus  5th  power  Pa  (2  x  1 0  to  the  minus  7th  power 
Torr),  the  polyimide  was  shown  by  forward  recoil  spec- 
trometry to  evolve  hydrogen  when  ion  bombarded. 
This  was  an  expected,  and  commonly  observed  phe- 
nomenon. However,  when  the  pressure  in  the  scatter- 
ing chamber  was  raised  to  1.3  x  10  to  the  minus  2 
power  Pa(1  x  10  to  the  minus  4  power  Torr)  by  the 
addition  of  D20  vapor  through  a  leak  valve,  deuterium 
was  readily  incorporated  into  the  target  in  the  ion-irradi- 
ated area.  The  degree  to  which  the  polyimide  film  ab- 
sorbed gas  from  the  vacuum  of  the  scattering  chamber 
was  unexpected.  The  deuterium/hydrogen  atomic  con- 
centration ratio  reached  0.235  after  a  dose  of  3.5  x  10 
to  the  1 5th  power  ions/sq.  cm.  The  absorption  of  deute- 
rium was  accompanied  by  blistering  in  the  polyimide 
at  high  ion  fluences. 
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In  this  paper  we  compare  a  set  of  atomic  calculations 
of  interfacial  crack  structure  and  properties  with  the 
predictions  of  an  augmented  elastic  theory.  Our  intent 
is  to  critique  the  elastic  predictions,  especially  the 
mode  conversion  and  displacement  closure  oscillation 
features  of  the  elastic  theory.  A  simple  physical  picture 
is  developed  based  on  a  crack  stability  diagram,  using 
two  sets  of  stress  intensity  axes.  The  first  set  is  the 
normal  applied  stress  intensity  K  and  the  second  is  a 
local  stress  intensity  factor  k,  defined  to  describe  the 
physics  of  the  core  region.  The  Griffith  condition  is  dif- 
ferent from  that  for  dislocation  emission.  In  each  case, 
the  effective  core  size  is  much  smaller  than  the  phys- 
ical core  size,  which  means  that  the  mode  shift  at  the 
crack  tip  is  considerably  larger  than  would  be  expected 
on  the  basis  of  linear  elasticity.  However,  with  appro- 
priately defined  condition  is  also  surprisingly  well  satis- 
fied in  the  mode-ll  emission  configuration.  The  crack 
is  found  never  to  exhibit  displacement  oscillations,  in 
part,  because  of  the  necessary  condition  that  the  Grif- 
fith condition  be  satisfied  at  the  crack  tip,  and  in  part 
because  the  amount  of  shear  in  the  core  is  limited  by 
dislocation  emission. 
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A  series  of  atomistic  calculations  is  performed  in  order 
to  explore  dislocation  core-core  interactions  and  the 


Peierls  stress  in  a  model  hexagonal  lattice.  The  meth- 
od of  calculation  is  the  lattice  Green's  function  method, 
using  several  pair  potentials  with  variable  parameters. 
We  confirm  that  dislocation  cores  broaden  as  a  pair 
of  dislocations  with  opposite  sign  move  closer  to  each 
other.  Continuum  theories  are  surprisingly  accurate  in 
describing  the  dislocations-dislocation  interaction  force 
even  in  the  range  of  strong  core-core  overlap.  How- 
ever, our  atomistic  calculations  show  that  while  the  re- 
lation between  the  Peierls  stress  and  dislocation  width 
is  exponential  as  the  Peierls-Nabarro  model  predicts, 
that  model  underestimates  the  Peierls  stress  by  nearly 
a  factor  of  1 0  to  the  4th  power. 
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Soft-x-ray  emission  spectra  for  the  La  N4.502.3  transi- 
tions in  lanthanum  aluminate  LaAI03  include  contribu- 
tions from  several  relatively  intense  multiplet  lines  near 
80  eV.  The  appearance  of  this  spectrum  contrasts 
sharply  with  the  three  diagram  lines  observes  for  the 
N4.502.3  emission  spectrum  of  Ba  in  BaF2.  An  atomic 
model  of  the  La  N4.502.3  transition,  assuming  single 
occupancy  of  the  4f  shell  by  a  spectator  electron,  pro- 
vides a  good  approximation  of  the  measured  spectrum. 
Emission  features  due  to  the  low-energy  3P0  and  3D0 
terms  of  the  4d94f  configuration  are  also  apparent  in 
the  laAI03  emission  spectra,  but  not  in  emission  spec- 
tra from  BaF2.  Reflection  measurements  indicate  that 
the  4f  level  is  not  occupied  in  the  ground  state  in 
LaAI03.  The  data  suggest  that  charge  transfer  from 
ligand  orbitals  following  creation  of  a  4d  vacancy  prior 
to  the  emission  process  is  the  predominant  mechanism 
giving  rise  to  the  required  4f  occupancy. 
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A  study  of  the  Weissenburg  effect  (rod  climbing  in  a 
stirred  system)  based  on  nonequilibrium  molecular  dy- 
namics (NEMD)  is  reported.  Simulation  results  from  a 
soft-sphere  fluid  are  used  to  obtain  a  self-consistent 
free-surface  profile  of  the  fluid  of  finite  compressibility 
undergoing  Couette  flow  between  concentric  cylinders. 
A  numerical  procedure  is  then  applied  to  calculate  the 
height  profile  for  a  hypothetical  fluid  with 
thermophysical  properties  of  the  soft-sphere  liquid  and 
of  a  dense  colloidal  suspension.  The  height  profile  cal- 
culated is  identified  with  shear  thickening  and  the 
forms  of  the  visometric  functions.  The  maximum  climb 
occurs  between  the  cylinders  rather  than  at  the  inner 
cylinder. 
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The  authors  have  developed  a  setup  which  uses  scan- 
ning capacitance  microscopy  (SCM)  to  obtain  electrical 
data  of  cross-sectioned  samples  while  simultaneously 
acquiring  conventional  topographical  AFM  data.  The 
results  presented  here  include  2D  SCM  maps  of  cross- 
sections  of  blanket  implanted,  annealed  Si  wafers  as 
well  as  test  structures  on  Si.  The  authors  found  the 
technique  to  be  sensitive  over  several  orders  of  mag- 
nitude of  carrier  density  concentrations  less  than  E15 
to  E20  atoms/sq.  cm.,  with  a  lateral  resolution  of  20- 
150  nm,  depending  on  probe  tip  and  dopant  level.  The 
authors  find  excellent  agreement  of  total  implant  depth 
obtained  from  SCM  signals  of  cross-sectioned  sam- 
ples with  conventional  Secondary  Ion  Mass  Spectrom- 
etry (SIMS)  profiles  of  the  same  sample. 
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Loss-free  counting  has  been  successfully  implemented 
for  neutron  activation  analysis  with  short-lived  nuclides 
at  the  Interfaculty  Reactor  Institute  (IRI)  and  at  the 
Natioanl  Institute  of  Standards  and  Technology  (NIST). 
In  the  system  built  at  IRI,  the  LFC  is  integrated  through 
a  buffer  module  to  a  Unix  workstation;  the  NIST  system 
uses  standard  Canberra  equipment  and  VMS  soft- 
ware. Procedures  are  described  for  the  calibration  and 
validation  of  LFC  in  these  two  environments,  with  em- 
phasis on  accuracy  and  on  control  of  the  quality  of  the 
measurements. 
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The  evolution  of  a  2D  Lennard-Jones  system, 
quenched  from  the  fluid  to  below  the  triple  point,  is  sim- 
ulated by  molecular  dynamics.  We  show  that  the  struc- 
ture factor  obeys  the  scaling  relation  S(q/qm(t)) 
approx.  qm(t)-dfS(q/qm).  Here  qm  is  the  location  of  the 
low  angle  peak  in  S(q),  df  equals  1.85  plus  or  minus 
0.05  is  a  fractal  dimension,  and  S(q/qm)  is  a  time-inde- 
pendent characteristic  function  which  peaks  at  qm.  The 
quenching  process  is  thermodynamically  similar  to  the 
formation  of  a  gel  from  a  sol.  Hence  the  relation  sug- 
gests that  a  characteristic  fractal  dimension  of  even  a 
dense  gel  can  be  derived  from  measurements  of  the 
time  evolution  of  S(q). 
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The  compound  Sr5TiNb4017  was  prepared  and  its 
crystal  structure  determined  by  single-crystal  X-ray  dif- 
fraction. This  compound  crystallizes  with  an 
orthorhombic  unit  cell  (space  group  Pnnm  (No.  58);  a 
equals  5.6614(4),  b  equals  32.515(7),  c  equals 
3.9525(3)  Angstroms;  Z  equals  2).  The  structure  con- 


sists of  alternating  perovskite-like  slabs  offset  with  re- 
spect to  each  other  by  a/2  and  c/2.  The  Sr2+  ions  oc- 
cupy two  1 2-fold  coordinated  sites  within  the  slabs  and 
a  distorted  (7  +  1  )-fold  coordinated  site  in  the  gap  sepa- 
rating the  slabs.  Nb5+  and  Ti4+  are  distributed  among 
the  octahedral  sites  of  the  sperovskite  slabs  with  pref- 
erential odering  of  Ti4+  on  octahedral  sites  on  the  cen- 
ter of  the  slabs  adjacent  to  the  gap.  This  compound 
is  the  n  equals  5  member  of  a  structural  series 
AnBnO(3n  +  29)  (A  equal  Sr;  B  equal  Ti,  Nb)  where 
n  is  the  number  or  perovskite  layers  within  each  slab. 
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This  collection  of  papers  represents  the  work  of  the  Ion 
Storage  Group,  Time  and  Frequency  Division,  National 
Institute  of  Standards  and  Technology,  from  May  1992 
to  January  1996.  It  follows  the  collections  of  papers 
contained  in  NBS  Technical  Note  1086,  Trapped  Ions 
and  Laser  Cooling  (June  1985),  NIST  Technical  Note 
1324,  Trapped  Ions  and  Laser  Cooling  II  (September 
1988),  and  NIST  Technical  Note  1353,  Trapped  Ions 
and  Laser  Cooling  III  (April  1992). 
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Measurements  of  the  current  and  voltage  at  both  elec- 
trodes of  a  parallel-plate,  capacitively  coupled  RF  dis- 
charge cell  (the  Gaseous  Electronics  Conference  Ref- 
erence Cell)  were  combines  with  measurements  of  the 
voltage  on  a  wire  inserted  into  the  glow  region  between 
the  electrodes,  for  argon  discharges  at  pressures  of 
1.3-133  Pa  and  peak-to-peak  applied  voltages  equal 
to  or  less  than  400  V.  Together,  these  measurements 
determined  the  RF  voltage,  current,  impedance,  and 
power  of  each  sheath  of  the  plasma.  Simple  power 
laws  were  found  to  describe  changes  in  sheath 
impedances  observed  as  voltage  and  pressure  were 
varied.  An  equivalent  circuit  model  for  the  electrical  be- 
havior of  the  discharge  was  obtained.  The  equivalent 
circuit  model  can  be  used  to  relate  the  electrical  data 
to  plasma  properties  such  as  electron  densities,  ion 
currents,  and  sheath  widths.  The  results  differ  from 
models  previously  proposed  for  asymmetric  RF  dis- 
charges, and  the  implications  of  this  disagreement  are 
discussed. 
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We  have  developed  a  system  for  measuring  the 
nonlinearity  of  optical  power  meters  or  detectors  over 
a  dynamic  range  of  more  than  60  dB  at  telecommuni- 
cations wavelengths.  This  system  uses  optical  fiber 
components  and  is  designed  to  accommodate  com- 
mon optical  power  meters  and  optical  detectors.  It  is 
based  on  the  triplet  superposition  method.  The  system 
also  measures  the  range  discontinuity  between  neigh- 
boring power  ranges  or  scale  settings  of  the  optical 
power  meter.  We  have  developed  an  algorithm  to  treat 
both  the  nonlinearity  and  the  range  discontinuity  in  a 
logically  consistent  manner.  Measurements  with  this 
system  yield  correction  factors  for  powers  in  all  ranges. 
The  measurement  system  is  capable  of  producing  re- 
sults which  have  standard  deviations  as  low  as  0.02%. 
With  slight  modification  the  system  can  operate  over 
a  90  dB  dynamic  range  at  telecommunications  wave- 
lengths. This  measurement  system  provides  accurate 
determination  of  optical  power  meter  or  detector 
nonlinearity;  the  characterized  detectors  then  can  be 
used  for  such  applications  as  absolute  power  and  at- 
tenuation measurements. 
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The  structure  of  a  cationic  worm-like  cylindrical  micelle 
was  investigated  by  SANS  (small-angle  neutron  scat- 
tering). Intensities  from  0.1%  by  weight  solutions  in 
D20,  at  rest  and  under  shear,  were  measured  on  the 
NIST  Cold  Neutron  Research  Facility  30-m  spectrom- 
eter in  the  wave  vector  range  0.03  equal  to  or  less  than 
Q  (nm  to  the  minus  one  power)  equal  to  or  less  than 
2.0.  Scattered  intensity  patterns  from  the  solutions 
subjected  to  shears  equal  to  or  greater  than  40  s  to 
the  minus  one  power  showed  pronounced  anisotropy, 
but  such  anisotropy  could  not  be  detected  below  this 
apparent  threshold  shear.  The  threshold  was  charac- 
terized by  a  relaxation  time  since  anisotropy  was  de- 
tected only  after  several  minutes  of  shearing.  In  con- 
trast, the  anisotropy  was  apparent  immediately  the 
shear  was  applied  at  the  higher  shears.  The  data  were 
analyzed  based  on  the  assumption  that  the  micelles 
behave  as  rigid  rods.  Estimates  of  the  radii  and  length 
under  shear  are  given.  Polydispersity  in  rod  length  is 
discussed,  and  the  authors  argue  that  it  contributes 
significantly  to  the  scattering  patterns. 
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Muon  spin  rotation  (microSR)  experiments  on  single- 
crystal  samples  of  ScHx,  with  x  =  0,  0.05,  and  0.10 
and  0.25,  were  performed  in  order  to  investigate  the 
muon  location  and  possible  systematic  variations  in 
muon  dynamics  in  these  systems.  The  angular  and 
magnetic  field  dependence  of  the  microSR  relaxation 
rates  shows  that  at  temperatures  below  50  K  the  muon 
is  localized  at  the  interstitial  tetrahedral  (T)  sites.  The 
results  for  pure  Sc,  covering  a  wide  range  of  high  and 
low  fields,  are  coherent  with  the  picture  that  the  muon 
performs  fast  tunnelling  between  two  adjacent  T  sites, 
separated  by  2z  =  0.18c,  above  and  below  the  a-b 
plane.  This  value  for  the  muon  position  along  the  c  axis 
is  remarkably  near  the  sz  =  0.194c  found  for  D  in  Sc 
by  neutron  diffraction.  The  anisotropy  of  the  relaxation 
rate  at  low  magnetic  fields  varies  sensitively  with  the 
H  concentration,  indicating  a  change  in  the  ratio  of  the 
radial,  muon-induced  and  the  partly  inherent,  uniaxial 
electric  field  gradients  at  the  position  of  the  Sc  nuclei. 
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The  persistence  length  of  a  polyelectrolyte  chain  can 
be  represented  as  Ip  =  lo  +  le  where  lo  is  the  bare  per- 
sistence and  le  is  the  electrostatic  contribution  coming 
from  the  effects  of  electrostatic  chain  self-interactions. 
Using  a  reparametrization-invariant  path  integral 
model  of  semiflexible  polymers  the  authors  find  that  le 
depends  on  the  ionic  strength  I  as  le  approximately  I 
to  the  minus  1/2.  This  result  accords  with  experimental 
observations  and  recent  Monte  Carlo  simulations. 
Reparametrization-invariance  is  apparently  an  essen- 
tial constraint  in  selecting  acceptable  models  of 
semiflexible  polymers. 
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In  order  to  support  modern  8  and  one-half  digit  digital 
multimeters  and  high  accuracy  calibrators  capable  of 
delivering  uncertainties  of  the  order  of  parts  per  million 
(ppm),  primary  standards  laboratories  must  be  able  to 
provide  calibration  uncertainties  less  than  0.1  ppm. 
Quantum  Hall  effect-based  resistance  standards  can 
provide  these  low  uncertainties,  but  at  present  require 
very  sophisticated  and  costly  equipment.  This  talk  de- 
scribes the  quantum  Hall  effect  (QHE),  the  equipment 
necessary  to  use  it  as  a  resistance  standard,  and  some 
of  the  challenges  in  making  a  QHE-based  resistance 
standard  commercially  viable. 
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In  this  study  time  to  breakdown  distributions  are  com- 
pared for  MOS  gate  oxides  which  were  stressed  with 
a  constant  voltage  (or  current)  stress  or  a  pre-stressing 
voltage  (or  current)  ramp  followed  by  a  constant  volt- 
age (or  current)  stress.  Results  show  clearly  that  a 
pres-stress  can  increase  time  to  breakdown.  This  in- 
crease is  discussed  and  it  is  shown  that  it  is  dependent 
on  oxide  thickness,  pre-stressing  ramp  rate  and  the 
processing  conditions.  The  current-time  (or  voltage- 
time)  characteristics  of  the  constant  stress  are  inves- 
tigated and  it  is  observed  that  charge  trapping  in  the 
oxide  is  the  reason  for  the  time  to  breakdown  increase. 
The  pre-stressed  oxide  clearly  shows  a  different  initial 
charge  trapping  characteristic  than  the  non  pre- 
stressed  oxide.  The  measurement  results  are  dis- 
cussed and  it  will  be  demonstrated  that  the  common 
understanding  of  oxide  breakdown  cannot  explain  the 
observed  results.  Therefore,  a  new  parameter  will  be 
proposed  which  is  related  to  oxide  degradation  and 


breakdown  and  which  has  to  be  considered  in  com- 
bined ramped/constant  stress  measurements. 
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The  authors  have  examined  available  data  for  the  odd- 
parity  energy-level  structures  in  Zr  and  Hf,  stimulated 
by  the  designations  of  four  predicted  6d7s27p  levels 
in  the  homologous  atom  rutherfordium  (Rf,  Z  =  104) 
by  Eliav  et  al.  (Phys.  Rev.  Lett.  74,  1079  (1995)).  The 
authors  point  out  some  errors  and  deficiencies  in  the 
Zr  data  and  give  the  results  of  Hartree-Fock  calcula- 
tions for  Hf  5d6s26p-6p  and  Rf  6d7s27p  levels.  Con- 
figuration interactions  within  the  (d  +  s)3p  complexes 
were  included.  The  resulting  eigenvectors  allow  mean- 
ingful LS-coupling  designations  for  most  of  the  levels 
belonging  mainly  to  Hf  5d6s26p  and  for  most  of  the 
predicted  Rf  levels  belonging  mainly  to  6d7s27p.  Some 
changes  in  the  designations  assigned  to  these  levels 
in  the  literature  are  suggested:  in  particular,  the  lowest 
level  of  both  Hf  5d626p  and  Rf  6d7s27p  is  most  appro- 
priately designated  3F02.  The  authors  point  out  the 
need  for  systematic  whole-row  studies  of  the  low  odd- 
parity  configurations  in  4d-  and  5d-shell  spectra. 
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Hyperfine  structure  splittings  have  been  measured  for 
75  lines  of  singly  ionized  promethium  147  Pmll  with 
a  hollow  cathode  discharge  and  a  Fabry-Perot  inter- 
ferometer. Magnetic  dipole  and  electric  quadrupole 
splitting  factors  A  and  B  have  been  determined  for  10 
levels  of  the  4f56s  configuration,  2  levels  of  4f5d,  and 
57  upper  undesignated  levels.  The  A-factors  are  in 
general  agreement  with  calculated  values.  With  the  aid 
of  Hartree-Fock  calculations  and  Zeeman-effect  data, 
four  new  levels  of  the  4f5(6H)5d7K  term  were  located. 
The  strong  lines  terminating  on  these  7K  levels  origi- 
nate from  levels  of  4f5(6H)6p7l,  which  were  already 
known,  but  had  not  been  designated.  An  unidentified 
line  at  556.17  nm  previously  observed  with  collinear 
laser  ion-beam  spectroscopy  is  now  classified  as 
4f5(6H)5d  7K6-4f5(6H)6p7l5. 
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Using  Doppler-free  frequency-modulation  spectros- 
copy, the  authors  have  measured  most  of  the  hyperfine 
components  and  the  centers  of  gravity  of  the  D1  line 
of  7Li  and  the  D2  line  of  6Li.  By  using  previously  meas- 
ured fine-  and  hyperfine-structure  splittings,  the  au- 
thors have  also  determined  centers  of  gravity  for  the 
D2  line  of  7li  and  the  D1  line  of  6Li.  The  present  results 
are  more  accurate  than  previously  reported  values  by 
a  factor  of  more  than  100.  The  wave  numbers  are  7Li 
D2:  14,903.983,468  (14)  cm  to  the  minus  1  power;  7Li 


D1:  14,903.648,130  (14)  cm  to  the  minus  1  power;  6Li 
D2:  14.903.632,116(18)  cm  to  the  minus  1  power;  6Li 
D1 : 14,903.296,792  (23)  cm  to  the  minus  1  power.  Val- 
ues for  the  isotope  shifts  of  the  resonance  lines  of 
0.351 ,338  (21 )  cm  to  the  minus  1  power  for  the  D1  line 
and  0.351,352  (15)  cm  to  the  minus  1  power  for  the 
D2  line  have  been  derived.  All  uncertainties  represent 
a  95%  level  of  confidence. 
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Gamma-ray  and  K  alpha  X-ray  emissions  have  been 
measured  from  a  very  pure  209  Po  source  containing 
less  than  0.13%  208  Po  activity  and  no  detectable  210 
Po  (equal  to  or  less  than  (2  x  10  to  the  minus  4 
power)%).  The  alpha-particle  emission  rate  for  this 
source  has  previously  been  determined.  Data  are  pre- 
sented that  confirm  alpha  decay  to  the  205  Pb  excited 
level  at  262.8  keV,  with  an  alpha-particle  emission 
probability  (+  or  -  standard  uncertainty)  of  0.00559  + 
or  -  0.00008.  The  ratio  of  K-shell  electron  capture  to 
total  electron  capture  for  the  second  forbidden  unique 
electron  capture  decay  to  the  896.6  keV  level  in  209 
Bi  was  determined  to  be  0.594  +  or  -  0.018.  The  elec- 
tron capture  decay  fraction  was  found  to  be  0.00454 
+  or  -  0.00007,  while  the  probabilities  per  decay  for  the 
896.6,  262.8,  and  260.5  keV  gamma  rays  and  the  Bi 
K  alpha  and  PB  K  alpha  X-rays  were  measured  as 
0.00445  +  or  -  0.00007.  0.00085  +  or  -  0.00002, 
0.00254  +  or  -  0.00003,  0.00202  +  or  -  0.00005,  and 
0.00136  +  or  -  0.00005,  respectively. 
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Over  the  years,  measurements  have  been  made  at  few 
energies  to  estimate  the  scattered  fraction  of  dose  from 
the  patient  in  medical  radiotherapy  operations.  This  in- 
formation has  been  a  useful  aid  in  the  determination 
of  shielding  requirement  for  these  facilities.  With  these 
measurements,  known  characteristics  of  photons,  and 
various  other  known  parameters,  Monte  Carlo  codes 
are  being  used  to  calculate  the  scattered  fractions  and 
hence  the  shielding  requirements  for  the  photons  of 
other  energies  commonly  used  in  radiotherapeutic  ap- 
plications. The  National  Institute  of  Standards  and 
Technology  (NIST)  acquired  a  Sagittaire  medical  linear 
accelerator  (linac)  which  was  previously  located  at  the 
Yale-New  Haven  Hospital.  This  linac  provides  an  x-ray 
beam  of  25  MV  photons  and  electron  beams  with  ener- 
gies up  to  32  MeV.  The  housing  on  the  gantry  was  per- 
manently removed  from  the  accelerator  during  installa- 
tion. A  varian  Clinac  1800  linear  accelerator  was  used 
to  produce  the  18  MV  photons  at  the  Frederick  Memo- 
rial Hospital  Regional  Cancer  Therapy  Center  in  Fred- 
erick, MD.  This  paper  presents  a  study  of  the  photon 
dose  scattered  from  a  patient  in  typical  radiation  treat- 
ment situations  as  it  relates  to  the  dose  delivered  at 
the  isocenter  in  water.  The  results  of  these  measure- 
ments will  be  compared  to  Monte  Carlo  calculations. 
Photon  spectral  measurements  were  not  made  at  this 
time.  Neutron  spectral  measurements  were  made  on 
this  Saggitaire  machine  in  its  previous  location  and  that 
work  was  not  repeated  here,  made  at  this  time.  Neu- 
tron spectral  measurements  were  made  on  this 
Sagittaire  machine  in  its  previous  location  and  that 
work  was  not  repeated  here,  although  a  brief  study  of 
the  neutron  component  of  the  1 8  and  25  MV  linacs  was 
performed  utilizing  thermoluminescent  dosimetry 
(TLD)  to  determine  the  isotropy  of  the  neutron  dose. 
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The  evolution  of  the  surface  potential  during 
homoepitaxial  growth  of  Fe(001)  is  studied  by  scan- 
ning tunneling  microscopy  and  reflection  high  energy 
electron  diffraction.  The  observed  morphology  exhibits 
a  non-self-affine  collection  of  moundlike  features  that 
maintain  their  shape  but  coarsen  as  growth  proceeds. 
The  characteristic  feature  separation  L  is  set  in  the 
submonolayer  regime  and  increases  with  thickness  t 
as  L(t)  approx.  t  0.16  plus  or  minus  0.04.  During  the 
coarsening  phase,  the  mounds  are  characterized  by  a 
magic  slope  and  a  lack  of  reflection  symmetry.  These 
observations  are  shown  to  be  described  by  a  contin- 
uum growth  equation  without  capillarity. 
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The  branching  ratio  technique  for  radiometric  calibra- 
tions in  the  vacuum  ultra-violet  spectral  region  is  briefly 
reviewed.  Lists  of  transitions  suitable  for  use  with  the 
technique  are  given  for  nitrogen-like  species  (Nl,  O  II, 
and  NelV)  along  with  pertinent  data  for  their  applica- 
tion. 
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Riis  and  Barnett  have  examined  the  motion  of  a  polar- 
izable  atom  in  the  electric  field  in  the  vicinity  of  a 
sphere  with  time-arying  charge.  The  configuration  they 
examined  may  be  experimentally  useful  but  their  paper 
propagates  a  common  misconception  about  the  mech- 
anism of  dynamic  stabilization.  Dynamic  stabilization 
is  an  important  techique  in  atom  and  ion  trapping,  and 
the  purpose  of  the  comment  is  to  clear  up  the  mis- 
conception. 
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The  possibility  of  probing  the  collisions  of  aligned 
Rydberg  atoms  by  stimulated  emission  is  assessed 
with  studies  of  a  polarized  state  and  a  new  measure- 
ment of  a  collisional  alignment  effect  in  atomic  Ca.  The 
stimulated  emission  method  uses  a  laser  to  dump  the 
desired  state  to  a  lower  level  which  subsequently  fluo- 
resces. The  technique  can  be  used  to  obtain  popu- 
lations and  polarization  dependent  information.  First, 
the  method  is  tested  by  applying  it  to  an  aligned 
Ca(4s17d1D2)  state.  Alignment  curves  are  measured 
when  the  initial  state  is  prepared  with  both  parallel  and 
perpendicular  relative  polarizations.  The  experi- 
mentally observed  alignment  compares  well  with  that 
derived  from  theoretical  considerations  of  a  saturated 
stimulated  transition.  Second,  a  two-vector  collisional 
alignment  experiment  (initial  state  and  relative  velocity 
vector)  is  performed  to  study  the  energy  transfer  proc- 
ess and  alignment  effects  are  measured  by  both  stimu- 
lated emission  and  conventional  direct  fluorescence 
detection. 
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High  resolution  infrared  spectra  of  the  vDF=1<-0 
stretch  in  ArnDF  (n=1-3)  have  been  recorded  using  a 
slit-jet  infrared  spectrometer.  Analysis  of  the 
rotationally  resolved  spectra  provides  vibrationally 
averaged  geometries  and  vibrational  origins  for  a  DF 
chromophore  sequentially  'solvated'  by  Ar  atoms.  Cal- 
culations using  pairwise  additive  Ar-Ar  and  Ar-DF  po- 
tentials predict  lowest  energy  equilibrium  structures 
consistent  with  the  vibrationally  averaged  geometries 
inferred  spectroscopically.  Variational  calculations  by 
Ernesti  and  Hutson  using  pairwise  additive  potentials 
predict  rotational  constants  which  are  in  qualitative 
agreement  with,  but  consistently  larger  than,  the  exper- 
imental values.  The  inclusion  of  nonpairwise  additive 
(three-body)  terms  improves  the  agreement,  though 
still  not  to  within  the  uncertainty  of  the  pair  potentials. 


04, 126 

PB96-200720       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Stable,  Tightly  Confining  Magnetic  Trap  for  Evapo- 
rative Cooling  of  Neutral  Atoms. 
Final  rept. 

W.  Petrich,  M.  H.  Anderson,  J.  R.  Ensher,  and  E.  A. 
Cornell.  1995,  4p. 

Pub.  in  Physical  Review  Letters,  v74  n17  p3352-3355 
Apr  95. 

Keywords:  "Magnetic  traps,  "Evaporative  cooling, 
Atoms.  Reprints,  "Bose  condensation,  Orbiting  poten- 
tial. 

We  describe  a  new  type  of  magnetic  trap  whose  time- 
averaged,  orbiting  potential  (TOP)  supplies  tight  and 
harmonic  confinement  of  atoms.  The  TOP  trap  allows 
for  long  storage  times  even  for  cold  atom  samples  by 
suppressing  the  loss  due  to  nonadiabatic  spin  flips 
which  limits  the  storage  time  in  an  ordinary  magnetic 
quadrupole  trap.  In  preliminary  experiments  on  evapo- 
rative cooling  of  87Rb  atoms  in  the  TOP  trap,  we  obtain 
a  phase-space  density  enhancement  of  up  to  3  orders 
of  magnitude  and  temperatures  as  low  as  200  nK. 
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The  present  technology  for  observing  the  quantum  Hall 
effect  requires  that  a  quantum  Hall  resistor  (QHR)  be 
maintained  at  temperatures  below  1.4  K,  and  in  mag- 
netic fields  between  5  T  and  1 5  T.  Furthermore,  in  con- 
trast with  wire-wound  standard  resistors  that  can  pass 
milli-amperes  of  current,  present  quantum  Hall  resis- 
tors are  limited  to  currents  between  25  micro 
Angstroms  and  60  micro  Angstroms.  This  means  that 
expensive  cryogenic  systems  and  super  conducting 
solenoids  are  required  to  produce  the  conditions  for  the 
QHE  to  be  observed.  The  very  limited  current-carrying 
capacity  of  present  QHRs  requires  highly  specialized 
and  complex  measurement  systems  that  can  compare 
the  low  voltages  developed  across  them  to  the 
voltages  developed  across  the  resistors  being  cali- 
brated. The  primary  objective  of  the  project  is  to  de- 
velop QHRs  that  can  operate  at  lower  magnetic  fields, 
higher  temperatures,  and  higher  currents,  in  order  to 
reduce  the  costs  and  complexity  of  the  cryogenic  sys- 
tem and  the  measurement  system.  A  secondary  objec- 
tive is  to  develop  and  improve  simple  measurement 
techniques  that  can  calibrate  wire-wound  resistors 
using  QHRs  with  combined  relative  uncertainties  less 
than  0.1  ppm,  even  with  the  present  limitations  on  the 
current  that  can  be  passed  through  the  devices. 
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In  the  study,  voltage  and  current  stress  measurements 
in  the  Fowler-Nordein  regime,  performed  on  gate  ox- 
ides (9nm-28nm),  indicated  that  a  ramped  pre-stress 
prior  to  a  constant  stress  can  increase  the  time  to 
breakdown  in  some  cases.  In  the  literature  oxide 
breakdown  is  said  to  be  related  to  a  fixed  amount  of 
trapped  oxide  charge  or  to  a  fixed  amount  of  generated 
traps  in  the  oxide.  However,  these  models  cannot  ex- 
plain our  experimental  observations.  Current-time,  cur- 
rent-charge, voltage-time  characteristics  and  results  of 
high  frequency  pre-stresses  have  been  extensively 
studied  in  order  to  gain  information  about  the  charge 
trapping  properties  of  the  virgin  and  pre-stressed  ox- 
ides. It  is  concludes  from  experimental  results  that  the 
rate  of  initial  positive  charge  build  up  in  the  oxide  dur- 
ing the  constant  stress  is  a  key  factor  for  oxide  deg- 
radation and  breakdown. 
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Modification  of  the  high-voltage  circuitry  of  the  thermi- 
onic electron  gun  of  a  commercial  scanning  electron 
microscope  (SEM)  to  a  fully  computer-controlled,  cath- 
ode-stabilized system  is  described.  The  modification 
permits  automatic  filament  saturation  and  monitoring. 
Using  this  system,  variations  and  drifts  in  the  emission 
current  over  time  can  be  adjusted  and  compensated 
automatically  with  a  feedback  loop  in  the  computer- 
controlled  system.  This  change  also  enables  the  accu- 
rate determination  and  setting  of  the  primary  electron 
beam  energy.  Therefore,  the  accelerating  voltage  is 
known  for  comparison  to  Monte  Carlo  computer  model- 
ing of  the  electron  beam  specimen  interaction. 
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First-principles  calculations  of  transmission  and  reflec- 
tion from  Ag/Fe,  Au/Fe,  Cu/Co,  and  Cu/Ni  interfaces 
show  very  strong  spin  dependence  that  differs  signifi- 
cantly from  expectations  based  on  free  electron  ap- 
proximations. The  results  can  be  used  to  understand 
both  the  giant  magnetoresistance  and  the  oscillatory 
exchange  coupling  observed  in  magnetic  multilayers  of 
these  materials.  The  spin  dependent  of  the  reflection 
probabilities  is  strong  enough  to  give  a  large  giant 
magnetoresistance  even  if  there  is  no  spin-dependent 
defect  scattering.  The  calculated  reflection  amplitudes 
determine  the  strength  of  the  oscillatory  exchange  cou- 
pling. 
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Measurements  of  vibrational  branching  ratios  and 
photoelectron  angular  distributions  have  been  made  in 
the  regions  for  the  Tanaka-Ogawa,  Linkholm,  and 
Henning  series  for  the  C02  molecule.  The  behavior  of 
these  parameters  was  found  to  be  sensitive  to  which 
particular  resonance  is  excited,  with  considerable  in- 
tensity going  into  vibrational  modes  other  than  the 
symmetric  stretch.  An  initial  analysis  of  some  of  the 
data  taken  is  presented. 
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Nanostructured  materials  and  devises  will  play  an  im- 
portant role  in  a  variety  of  future  technologies,  includ- 
ing magnetics.  The  authors  describe  a  method  for 
nanostructure  fabrication  based  on  the  use  of  laser 
light  to  focus  neutral  atoms.  The  method  uses  neither 
a  mask  nor  a  resist,  but  relies  on  the  direct  deposition 
of  atoms  to  form  permanent  structures.  Since  the 
atomic  de  Broglie  wavelength  is  of  picometer  order,  the 
size  of  structurs  produced  is  not  significantly  limited  by 
diffraction,  as  in  optical  lithography.  Lines  as  narrow 
as  38  nm  full  width  at  half  maximum  spaced  by  213 
nm  have  been  produced  and  the  authors  have  dem- 
onstrated the  production  of  a  two-dimensional  array  of 
dots.  The  highly  parallel  process  of  nanostructure  for- 
mation and  the  intrinsic  accuracy  of  the  optical  wave- 
length that  determines  structure  spacing  suggest  a 
number  of  interesting  applications,  including  calibration 
standards  for  various  types  of  microscopy,  lithography, 
and  micromeasurement  systems.  Possible  magnetic 
applications  include  the  production  of  arrays  of  mag- 
netic elements,  laterally  structures  giant 
magnetoresistive  devices,  and  the  patterning  of  mag- 
netic media. 
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The  authors  present  results  on  the  size,  density,  chem- 
ical potential,  and  lifetime  of  a  Bose-Einstein  conden- 
sate as  a  function  of  a  number  of  condensate  atomes 
for  parameters  appropriate  to  the  time-averaged  orbit- 
ing potential  trap  in  which  a  Bose  condensate  of  87Rb 
atoms  was  recently  formed.  These  results  were  ob- 
tained by  solving  the  time-independent  nonlinear 
Schrodinger  equation  with  anisotropic  harmonic  trap- 
ping potential.  The  authors  also  find  vortex  solutions 
for  the  trap  and  the  critical  rotation  frequency  required 
for  their  formation. 
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The  use  of  a  mode-locked  laser  as  a  source  for  high- 
accuracy  calibration  of  transfer  standards  to  a  cryo- 
genic radiometer  is  discussed.  The  critical  issue  is  the 
relative  response  of  the  transfer  standard  to  the  mode- 
locked  laser  light  as  compared  with  continuous-wave 
laser  light.  As  a  first  test,  the  author  have  measured 
the  linearity  of  the  response  of  silicon  photodiode  light- 
trapping  detectors  using  mode-lock  laser  light  at  a 
wavelength  of  532  nm. 
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Stable  silicone  photodiodes  with  100%  internal  quan- 
tum efficiency  have  been  developed  for  the  vacuum  ul- 
traviolet and  soft  x-ray  regions.  It  is  demonstrated  that 
the  response  of  these  detectors  can  be  reasonably  well 
represented  by  a  simple  model  for  photon  energies 
above  40  eV.  The  measured  efficiency  is  consistent 
with  a  constant  electron-hole  pair  creation  energy  for 
Si  above  40  eV.  Radiation  damage  is  demonstrated  to 
result  in  loss  of  carriers  to  recombination  at  the  front 
surface.  The  uniformity  of  the  diodes  is  shown  to  be 
better  than  0.1  %  RMS  at  1 10  eV. 
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The  authors  present  a  simple  and  accurate  method  of 
estimating  the  translational  hydrodynamic  friction  on 


rigid  Brownian  particles  of  arbitrary  shape.  The 
Brownian  friction  coefficient  f  take  the  form 
f=6(pi)nC(omega),  where  C(omega)  is  mathematically 
equivalent  to  the  electrostatic  capacitance  of  the  par- 
ticle omega  in  units  where  the  caacity  of  a  sphere 
equals  its  radius.  This  formula  is  particularly  useful  for 
particles  consisting  of  a  few  globular  subunits,  for 
which  slender  body  approximations  are  not  very  accu- 
rate. 
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Calculations  of  mass  energy-transfer  and  mass  en- 
ergy-absorption coefficients  for  photon  energies  from 
1  keV  to  100  MeV  have  been  developed,  based  on  a 
re-examination  of  the  processes  involved  after  the  ini- 
tial photon  interaction.  The  probabilities  for  the  initial 
interaction  are  from  the  current  photon  interaction 
cross-section  database  at  the  National  Institute  of 
Standards  and  Technology.  The  calculation  then  take 
into  account  (1)  electron  binding  effects  on  the  Comp- 
ton-scattered  photon  distribution;  (2)  the  complete  cas- 
cade of  fluorescence  emission  after  ionization  events 
in  any  atomic  subshell,  including  those  associated  with 
incoherent  scattering  and  triplet  production;  and  (3)  the 
radiative  energy  losses  of  the  secondary  electrons  and 
positrons  slowing  down  in  the  medium,  including  the 
emission  of  bremsstrahlung,  characteristic  x-rays  from 
impact  ionization,  and  positron  in-flight  as  well  as  at- 
rest  annihilation  quanta.  Consideration  of  the  proc- 
esses in  (3)  goes  beyond  the  continuous-slowing-down 
approximation  and  includes  the  effects  of  energy-loss 
straggling.  Results  for  the  mass  energy-absorption  co- 
efficient are  compared  with  those  from  recent  tabula- 
tions. 
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The  paper  briefly  describes  the  Monte  Carlo  code 
ETRAN,  developed  for  the  solution  of  coupled  elec- 
tron-photon transport  problems.  The  authors  focus  on 
the  multiple-scattering  distributions  and  underlying 
cross  sections  that  form  the  basis  of  current  versions 
of  ETRAN,  without  details  on  sampling  algorithms  or 
numerical  procedures. 

04, 139 

PB97-1 10563       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MEL), 

Gaithersburg,  MD.  Precision  Engineering  Div. 

Point  Charges,  Radiation  Reaction,  and  Quantum 

Mechanics. 

Final  rept. 

E.  Marx.  1993,  5p. 

Pub.  in  Institute  of  Electrical  and  Electronic  Engineers 
EMC  Symposium,  Anaheim,  CA.,  August  17-21,  1992, 
P508-512  1993. 

Keywords:  'Point  charges,  'Radiation  reactions, 
'Quantum  mechanics,  Electrodynamics,  Reprints, 
Aharonov-Bohm  effect,  Cerenkov  radiation. 

Moving  point  charges  generate  nonsinusoidal  electro- 
magnetic fields,  and  the  motion  of  the  charges  is  in  turn 
determined  by  the  fields.  The  full  dynamical  problem 
includes  radiation  reaction,  which  is  discussed  here. 
Nonsinusoidal  fields  are  also  associated  with  relativis- 
ts quantum  mechanics,  where  the  notion  of  causality 
is  extended.  Cerenkov  radiation  and  the  Aharonov- 
Bohm  effect  are  two  other  topics. 
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The  problem  of  bound  states  of  a  charged  particle  and 
its  antiparticle  is  formulated  in  the  framework  of  the  rel- 
ativistic quantum  mechanics  of  a  single  scalar  particle 
interacting  with  the  electromagnetic  field.  The  Coulomb 
interaction  between  the  particle  and  the  antiparticle 
gives  rise  to  the  bound  states,  and  the  coupling  of  the 
wave  function  to  the  radiation  field  is  responsible  for 
the  decay  of  the  pair  into  electromagnetic  energy.  The 
contribution  of  a  pion-pion  interaction  is  discussed 
briefly.  The  theory  is  extended  to  the  spin-1/2  electron. 
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The  relativistic  quantum  mechanics  of  several  charged 
scalar  particles  interacting  with  a  dynamical  electro- 
magnetic field  is  presented  in  the  framework  of  the 
many-amplitudes  formalism.  Each  particle  and  its 
antiparticle  are  represented  by  a  seaparate  wave  func- 
tion that  satisfies  the  Klein-Gordon  equation  and  which 
contributes  to  the  charge-current  density  that  is  a 
source  of  the  electromagnetic  field.  The  probability  am- 
plitude for  several  particles  or  antiparticles  is  the 
symmetrized  product  of  the  single-particle  probability 
amplitudes. 
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A  set  of  two  first-order  equations  for  classical  spinor 
fields  are  used  to  formulate  the  relativistic  quantum 
mechanics  (RQM)  of  a  single  massive  spin-one  half 
particle.  These  equations  are  generalized  Weyl  equa- 
tions and  they  are  not  equivalent  to  the  Dirac  equation. 
They  lead  to  a  conserved  charge  that  is  not  positive 
definite,  thus  allowing  for  a  probabilistic  interpretation 
fo  the  wave  function  in  RQM.  The  charge  is  also  con- 
served when  the  fields  interact  with  a  scalar  field 
through  the  charge-current  densities. 
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The  design  and  operation  of  a  beam  line  for  transport- 
ing and  charge-to  mass  selecting  highly  charged  ions 


extracted  from  the  National  Institute  of  Standards  and 
Technology  electron  beam  ion  trap  (EBIT)  are  de- 
scribed. This  beam  line  greatly  extends  the  range  of 
experiments  possible  at  this  facility.  Using  the  transport 
system,  pure  beams  of  low-energy,  highly  charged 
ions  up  to  Xe(44+)  have  been  produced  with  substan- 
tially higher  fluxes  than  previously  reported  from  an 
EBIT  source.  Design  choices  and  computer  modeling 
for  the  various  components  of  the  beam  line  are  ex- 
plained in  detail. 
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The  authors  report  the  results  of  experimental  studies 
of  'universal'  conductance  fluctuations  in  a  variety  of 
millimeter-sized  GaAs/AlxGal-xAs  heterostructures. 
The  ability  to  observe  these  mesoscopic  fluctuations 
in  traditionally  macroscopic  semiconductor  devices  is 
due  to  the  enhanced  sensitivity  of  the  magnetic  field 
modulation  measurement  technique,  which  allows  a 
coherent  interference  effect  to  be  observed  and  stud- 
ied in  the  large-size-scale  regime  where  both  the  sam- 
ple length  and  width  are  much  greater  than  the  quan- 
tum scattering  lengths. 
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The  authors  have  observed  giant  magnetoresistance 
(GMR)  in  unannealed  NiFe/Ag  multilayer  thin-film 
stripes.  Rectangular  stripes  having  constant  thickness 
and  a  constant  11:1  length-to-width  aspect  ratio,  but 
varying  widths  down  to  0.5  micrometers  were  meas- 
ured. Two  types  of  multilayer  configurations  were  test- 
ed, a  system  of  five  NiFe/Ag  bilayers  with  5.5-nm-thick 
Ag  spacer  layers,  and  a  system  of  nine  bilayers  with 
4.4-nm-thick  Ag  layers.  In  contrast  to  the  characterstics 
of  annealed  NiFe/Ag  multilayer  stripes,  the  unannealed 
stripes  produced  increasing  GMR  ratios  for  decreasing 
stripe  sizes,  with  the  0.5-micrometer-wide  stripe  of  the 
five-bilayer  system  exhibiting  a  deltaR/R  of  2.5%.  Bark- 
hausen noise  and  response  broadening  also  increased 
with  decreasing  stripe  size,  however.  The  results  are 
discussed  in  terms  of  magnetostatic  coupling  of  the 
NiFe  layers  within  the  stripes. 
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Standard  leaks  or  leak  artifacts  are  used  extensively 
in  industrial  and  research  environments,  typically  for 
the  calibration  of  helium  leak  detectors.  The  most  com- 
monly used  leak  is  the  helium  permeation  type,  which 
uses  a  glass,  quartz,  or  polymer  barrier  to  restrict  the 
flow  of  helium  via  diffusion.  Physical  leaks,  on  the  other 
hand,  use  a  physically  restrictive  element  to  limit  the 
flow.  The  article  will  discuss  the  properties  and  reliabil- 
ity of  helium  permeation  standard  leaks,  based  on 


eight  years  of  accumulated  calibration  data.  Physical 
helium  leaks  will  not  be  discussed  since  relatively  few 
have  been  calibrated  at  the  National  Institute  of  Stand- 
ards and  Technology. 
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Various  methods  of  extrapolating  the  thermodynamic 
properties  of  the  liquid  will  be  discussed.  A  phenome- 
nological  method  based  on  polynomials  as  well  as  a 
more  physical  method  based  on  an  extended  two-state 
Schottky  formalism  will  be  presented  and  their  applica- 
tion to  some  substances  will  be  demonstrated. 
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A  voltage  standard  based  on  a  series  array  of  pulse- 
biased,  nonhysteretic  Josephson  junctions  is  pro- 
posed. The  output  voltage  can  be  rapdily  and  continu- 
ously programmed  over  a  wide  range  by  changing  the 
pulse  repetition  frequency.  Simulations  relate  the  cir- 
cuit margins  to  pulse  height,  width,  and  frequency.  Ex- 
perimental results  on  a  prototype  circuit  confirm  the  ex- 
pected behavior. 
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To  explore  the  role  of  interface  scattering  in  high  elec- 
tron mobili'y  transistor  (HEMT)  device  performance,  a 
series  of  samples  consisting  of  both  a  superlattice  and 
a  HEMT  structure  were  grown  by  molecular  beam 
epitaxy  (MBE)  at  temperatures  ranging  from  500  to  630 
degrees  C.  Hall  measurements  indicate  a  trend  toward 
higher  mobilities  in  samples  growth  at  higher  tempera- 
tures. Subsequent  x-ray  reflectivity  measurements 
were  made,  and  the  data  were  fitted  by  least-squares 
refinement  of  a  calculated  reflectivity  curve  determined 
from  a  model  of  the  sample  structure  to  obtain  the  com- 
position profile  along  the  growth  direction.  These  re- 
sults indicate  smoother  interfaces  for  the  samples  with 
higher  mobilities. 
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The  authors  study  the  electrical  conductivity  omega  of 
a  dispersion  of  randomly  oriented  and  positioned  par- 
ticle inclusions  having  common  shape  and  conductivity 
omega(p),  suspended  in  an  isotropic  homogeneous 
matrix  of  conductivity  omega(O).  For  this  problem,  the 
mixture  conductivity  is  a  scalar  and  the  authors  con- 
centrate on  the  leading  order  concentration  virial  coeffi- 
cient, the  'intrinsic  conductivity'  (omega).  Results  for 
(omega)  are  summarized  for  limiting  cases  where 
there  is  a  large  mismatch  between  the  conductivities 
of  the  inclusions  and  the  suspending  matrix.  For  a  gen- 
eral particle  shape,  the  authors  then  treat  the  more  dif- 
ficult case  of  arbitrary  relative  conductivity  delta  equal 
or  minus  omega(p)/omega(0)  through  the  introduction 
of  a  Pade  approximant  that  incorporates  (exact  or  nu- 
merical) information  for  (omega(delta))  in  the  delta  -> 
infinity,  delta  ->  0+,  and  delta  approximately  1  limits. 
Comparison  of  this  approximation  for  (omega(delta))  to 
exact  and  finite  element  calculations  for  a  variety  of 
particle  shapes  in  two  and  three  dimensions  shows  ex- 
cellent agreement  over  the  entire  range  of  delta.  This 
relation  should  be  useful  for  inferring  particle  shape 
and  property  information  from  conductivity  measure- 
ments on  dilute  particle  dispersions.  The  leading  order 
concentration  virial  coefficient  for  other  mixture  prop- 
erties (thermal  conductivity,  dielectric  constant,  refrac- 
tive index,  shear  modulus,  bulk  modulus,  viscosity, 
etc.)  are  equally  well  described  by  a  similar  Pade 
approximant. 
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Two-axis  neutron-scattering  measurements  on  a  1  mi- 
crometer thick  holmium  film  reveal  the  presence  of  two 
magnetic  correlation  lengths  above  TN  that  are  quali- 
tatively similar  to  those  recently  observed  in  X-ray  and 
neutron  scattering  studies  of  bulk  holmium  and  ter- 
bium. The  scattering  profile  is  well  described  by  a 
broad  Lorentzian  plus  a  narrow  Lorentzian-squared 
line-shape  with  widths  that,  for  temperatures  suffi- 
ciently close  to  TN,  differ  by  a  factor  of  ten  or  more. 
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Measurements  of  spectral  wavelengths  in  Bragg  dif- 
fraction from  crystals  often  require  refractive  index  cor- 
rections to  allow  a  detailed  comparison  of  experiment 
with  theory.  These  corrections  are  typically  100-300 
ppm  in  the  x-ray  regime,  and  simple  estimates  may 
sometimes  be  accurate  to  5%  or  better.  The  inadequa- 
cies of  these  estimates  are  discussed.  Even  with  a 
possibly  improved  index  of  refraction  estimate,  this  cor- 
rection is  insufficient  since  additional  systematics  in  the 
diffraction  process  occur  at  or  above  this  level.  For  ex- 
ample, asymmetries  of  diffraction  profiles  with  pi-polar- 
ized radiation  or  due  to  three-beam  diffraction  can  ap- 
proach the  magnitude  of  refractive  index  corrections 
for  flat  or  curved  crystals.  The  depth  of  penetration  of 
the  x-ray  field  inside  curved  crystals,  the  shift  of  the 
mean  angle  to  the  diffracting  planes,  and  lateral  shifts 
around  the  crystal  surface  are  rarely  considered  but 
can  dominate  over  refractive  index  corrections,  particu- 
larly for  high-order  diffraction  or  medium-energy  x  rays. 
Shifts  and  nonlinearities  arise  when  diffracting  sur- 
faces lie  off  the  Rowland  circle,  and  exhibit  strong  and 
rapidly  varying  angular  dependencies. 
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The  authors  show  that  thin-film  Ni82Fe18/Ag  multilayer 
structures  display  multiple  peaks  in  their 
magnetoresistance  curves  when  biased  at  current  den- 
sities above  10(6)  A/cm(2).  These  peaks  appear  for 
annealed  and  unannealed  structures,  and  their  number 
is  correlated  with  the  number  of  NiFe  layers.  At  high 
bias  currents,  the  peak  positions  shift  linearly  with  the 
internal  magnetic  field  created  by  the  bias  current.  The 
peak  positions  extrapolate  to  nonzero  fields  at  zero 
bias  currents,  providing  an  upper  bound  on  the  mag- 
netic layer-layer  coupling  strength  of  J(0)  approxi- 
mately equal  to  10(-20)  J  (k(B)  x  700  K).  The  peak  po- 
sitions do  not  shift  with  temperature  over  the  range 
200-375  K;  their  widths  narrow  with  increasing  tem- 
perature. The  single-domain  magnetic  moment  micro 
is  estimated  as  10  17  J/T  from  the  peak  widths  of  ap- 
proximately 0.8  kA/m. 
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The  authors  show  by  inelastic  neutron  scattering  that 
the  frustrated  magnet  SrCr9pGa12-9p01 9  (p  = 
0.92(5))  has  dispersionless  magnetic  excitations  at  en- 
ergies 18.6(1)  and  37.2(5)  meV.  The  wave  vector  and 
temperature  dependence  of  the  excitations  as  well  as 
the  ratio  1 :2  of  excitation  energies  is  perfectly  ac- 
counted for  by  isolated  antiferromagnetically  exchange 
coupled  pairs  of  spins  s  =  3/2.  Consideration  of  the  lay- 
ered structure  of  magnetic  chromium  ions  and  the 
ligand  environment  indicates  that  these  pairs  are  adja- 
cent spins  in  neighboring  triangular  lattice  planes 
which  separate  two-dimensional  sublattices  of  interact- 
ing kagome-triangle-kagome  layers. 


04,155 

PB97-112403       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (PL), 

Gaithersburg,  MD.  Molecular  Physics  Div. 

Matrix  Isolation  Study  of  the  Interaction  of  Excited 

Neon  Atoms  with  03:  Infrared  Spectrum  of  0((sub 

3)(-))   and   Evidence   for   the   Stabilization  of 

02...0((sub4)(+)). 

Final  rept. 

C.  L.  Lugez,  W.  E.  Thompson,  and  M.  E.  Jacox. 
1996,  8p. 

Pub.  in  Jnl.  of  Chemical  Physics,  v105  n6  p2153-2160 
Aug  96. 

Keywords:  "Neon  atoms,  "Matrix  isolation,  Infrared 
spectrum,  Photodissociation,  Photionization,  Reprints. 

When  a  Ne:03  sample  is  codeposited  at  approximately 
5  K  with  neon  atoms  that  have  been  excited  in  a  micro- 
wave discharge,  the  most  prominent  infrared 
absorptions  of  the  resulting  solid  are  contributed  by 
trans-  and  cyc-04(=)  and  by  03(-).  The  failure  to  detect 
infrared  absorptions  of  03(+)  is  consistent  with  the  ini- 
tial formation  of  that  species  in  one  or  more  dissocia- 
tive excited  states.  The  v3  absorption  of  03(-)  appears 
at  796.3  cm(-1),  close  to  its  position  in  earlier  argon- 
matrix  experiments  in  which  photoionization  of  an  alkali 
metal  atom  provided  the  electron  source  and  in  which 
diffusion  of  the  atomic  cation  would  result  in  the  sta- 
bilization of  appreciable  M+03(-).  The  identification  of 
03(-)  isolated  in  solid  neon  is  supported  by  observa- 
tions of  03(-)  generated  from  isotopically  substituted 


Ne:02:N20  samples,  also  codeposited  with  excited 
neon  atoms.  An  upper  bound  of  810  cm  to  the  minus 
1  power  is  estimated  for  the  gas-phase  band  center 
of  v3  of  03(-).  Infrared  absorption  which  grow  on  mild 
warmup  of  the  sample  are  tentatively  assigned  to  an 
02. ..04(+)  complex. 
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Neutron  scattering  has  been  used  to  study  the  mag- 
netic correlations  and  long  wavelength  spin  dynamics 
of  La(l-x)Ca(x)Mn03  in  the  ferromagnetic  regime  (0 
equal  to  or  less  than  1/2).  For  x  =  1/3  (T(C)=250  K) 
where  the  magnetoresistance  effects  are  largest  the 
system  behaves  as  an  ideal  isotropic  ferromagnet  at 
low  T,  with  a  gapless  (less  than  0.04  meV)  dispersion 
relation  E  =  Dq2  and  D(T-O)  approximately  equal  to 
170  meV  Angstroms.  However,  an  anomalous  strongly 
field-dependent  diffusive  component  develops  above 
approximately  200  K  and  dominates  the  fluctuation 
spectrum  at  T  ->  T(C).  This  component  is  not  present 
at  lower  x. 
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The  giant  magnetoresistive  (GMR)  behaviors  of  dis- 
continuous double-layer  giant  magnetoresistive  films 
with  different  microstructure  arising  from  different  an- 
nealing conditions,  are  calculated  using  a  numerical 
micromagnetic  model.  The  effect  of  magnetic  grain 
growths  in  the  perpendicular  and  lateral  directions  in 
the  magnetic  layers,  and  the  formation  and  growth  of 
grain  clusters  were  studied.  The  GMR  responses  of  the 
films  are  analyzed  in  terms  of  magnetostatic  inter- 
actions between  the  magnetic  layers  and  the 
microstructural  geometric  effects  on  the  transport  prop- 
erties of  the  samples. 
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The  effects  of  magnetostatic  interactions  on  the  giant 
magnetoresistive  (GMR)  response  of  NiFe/Cu/NiFe 
spin  valves  are  studied  using  an  analytical  model.  The 
model  is  applicable  to  devices  small  enough  for  the 
magnetic  layers  to  exhibit  single-domain  behavior.  De- 
vices having  lengths  in  the  track-width  direction  of  10 
micrometers  and  interlayer  separations  of  4.5  nm  are 
studied.  Stripe  heights  are  varied  from  0.5  to  2  microm- 
eters. The  magnetization  of  one  magnetic  layer  is 
pinned  by  a  transverse  pinning  field  that  is  varied  from 
0  to  24  kA/m  (300  Oe).  GMR  curves  for  transverse 
fields  are  calculated.  At  zero  external  field  and  mag- 
netization of  the  layers  shows  a  tendency  to  align 
themselves  antiparallel  in  the  transverse  direction.  This 
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results  in  an  offset  from  the  ideal  biasing  of  the  device. 
Broadening  of  the  curves  due  to  shape  anisotropy  oc- 
curs with  decreasing  stripe  height  and  increasing  mag- 
netic layer  thickness,  and  the  magnetization  in  the 
pinned  layer  becomes  less  stable. 
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A  comparison  of  the  spectral-radiance  scales  of  the 
National  Institute  of  Standards  and  Technology  (NIST) 
and  the  All-Russian  Research  Institute  for 
Optophysical  measurements  (NVIIOFI)  was  carried  out 
in  1989  and  1990.  The  spectral  range  of  the  compari- 
son was  between  240  nm  and  2400  nm.  The  transfer 
standards  were  argon-filled  tungsten  ribbon  filament 
lamps.  The  NIST/VNIIOFI  agreement  was  0.5%  to  1% 
in  the  240  nm  to  800  nm  range,  and  better  than  0.5% 
between  900  nm  and  2400  nm.  On  average,  the  spec- 
tral radiances  measured  at  the  NVIIOFI  were  slightly 
higher  than  the  NIST  values. 
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Structural  analysis  with  powder  neutron  and  single- 
crystal  x-ray  diffraction  data  for  a  sample  of  the 
TI2Mn207  pyrochlore,  exhibiting  colossal 
magnetoresistance  (CMR),  shows  no  deviations  from 
ideal  stoichiometry.  Furthermore,  the  analysis  gives  an 
Mn-O  distance  of  1.90  Angstroms,  significantly  shorter 
than  the  Mn-0  distances  in  the  range  1.94  to  2.00 
Angstroms  observed  in  phases  based  on  LaMn03 
perovskites  which  show  CMR.  Both  the  stoichiometry 
and  shorter  Mn-O  dsitance  in  TI2Mn207  indicate  oxi- 
dation states  very  close  to  TI2Mn207.  Thus  TI2Mn207 
has  neither  mixed  valency  for  a  double  exchange  mag- 
netic interaction  or  a  Jahn-Teller  cation  such  as 
Mn(3+).  Both  were  thought  to  play  an  essential  role  in 
CMR  materials.  The  authors  propose  an  alternate 
mechanism  for  CMR  in  TI2Mn207  based  on  magnetic 
ordering  driven  by  superexchange  and  strong  spin  fluc- 
tuation scattering  above  Tc.  Thus  the  pyrochlores  rep- 
resent a  distinct  new  class  of  CMR  materials. 
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The  authors  have  measured  the  absolute  polarization 
of  the  (2p(-1)3/2  3s1/2)J=2  to  (2p6)J=0  Ne-like  barium 
M2  line,  excited  in  an  electron  beam  ion  trap  (EBIT) 
at  a  variety  of  energies.  The  authors  find  strong  evi- 
dence for  the  existence  of  resonant  excitation  proc- 
esses which  are  not  explained  by  collisional-radiative 
calculations  even  when  the  polarization  arising  from 
impact  excitation  is  included.  At  energies  well  away 


from  where  the  resonances  occur,  the  agreement  be- 
tween experiment  and  theory  is  good. 
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Narrowband  filter  radiometers  are  being  used  in  the 
development  of  a  new  method  of  irradiance  scale  real- 
ization at  the  National  Institute  of  Standards  and  Tech- 
nology (NIST).  To  improve  the  accuracy  of  the  current 
spectral-irradiance  scale,  the  authors  propose  to  elimi- 
nate several  steps  from  the  calibration  process  and  to 
use  the  filter  radiometers  and  a  high-temperature  black 
body  in  realizing  the  scale.  Ultimately,  the  filter 
radiometers  will  be  calibrated  against  a  trap  detector 
measured  at  the  NIST  High  Accuracy  Cryogenic  Radi- 
ometer, which  maintains  an  expanded  uncertainty  at 
633  nm  of  0.0266%  for  a  coverage  factor  of  k  =  2.  In 
the  work,  the  filter  and  detector  were  calibrated  as  a 
unit  using  the  NIST  Detector  Comparator  Facility,  and 
the  aperture  areas  were  measured  by  flux  comparison 
with  a  uniform  source.  Six  filter  radiometers  covering 
the  spectral  range  350  nm  to  1100  nm  were  used  to 
measure  a  known  irradiance  source;  the  measure- 
ments agreed  with  predictions  to  within  1  %. 
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The  authors  give  a  description  of  the  design  and  oper- 
ation of  a  new  high-pressure  metal  ebulliometer  which 
is  capable  of  operating  at  pressures  to  at  least  3  MPa 
in  the  range  220-400  K.  Infinite  dilution  activity  coeffi- 
cients are  presented  for  the  system  CHF2CI  =  CF3- 
CH3  at  275  K  and  for  the  system  CF3-CH2F  =  CH2F2 
at  260,  280,  and  300  K.  The  Wilson  activity  coefficient 
model  and  a  virial  coefficient  model  are  applied  to 
these  systems,  and  the  phase  equilibrium  conditions 
are  calculated.  The  results  are  shown  to  agree  well 
with  predicted  and  with  published  measured  values. 
The  excess  enthalpy  is  calculated  and  compared  with 
results  using  a  Peng-Robinson  equation  of  state. 
Vapor  densities  of  the  dew  curves  are  given. 
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Diffraction  on  neutron  standing  waves  in  thin  films  has 
been  demonstrated  for  the  first  time  with  experiments 
on  an  epitaxial  Y/Gd/Y/Nb/AI203  sample.  Resonance 
enhancement  in  the  diffraction  intensity  has  been  ob- 
served. The  new  diffraction  scheme  for  neutrons  and 
x-rays  provides  an  oscillatory  spatial  concentration  in 
thin  films,  in  contrast  to  the  evanescent  diffraction 
which  provides  an  exponential  concentration.  It  also 
discriminates  against  diffraction  background  from  sub- 
strate, and  may  be  especially  useful  when  diffraction 


in  transmission  geometry  is  not  available  due  to  high 
absorption  of  substrate. 
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This  report  lists  and  annotates  47  previously  unproc- 
essed original-source  documents  held  by  the  NIST 
Photon  and  Charged  Particle  Data  Center  (PCPDC), 
containing  experimentally  measured  absolute  values 
of  the  mass  attenuation  coefficient,  or  total  photon 
interaction  cross  section  for  one  or  more  elemental  ma- 
terials. The  data  from  these  documents  had  not  been 
previously  extracted  for  purposes  of  entering  into  the 
PCPDC  x-ray  attenuation  measurement  data  base.  Ta- 
bles of  the  extracted  data,  with  all  photon  energies  con- 
verted to  multiples  of  eV  (electron  volts),  and  all  photon 
cross  sections  converted  to  units  of  barns/atom,  are 
given.  In  some  cases,  photon  wavelengths  in 
angstroms  or  nm  (nanometers)  are  given  in  the  source 
documents  instead  of  photon  energies,  in  which  case 
the  reciprocal  conversion  to  photon  energies  (in  eV) 
has  been  made.  A  total  of  3735  data  points  were  ex- 
tracted and  are  presented. 
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Picosecond  infrared  (PI)  pump-probe  measurements 
of  the  OH-stretch  (v=1)  population  lifetime  were  per- 
formed for  uncomplexes  (Et)3SiOH  present  in  dilute, 
room  temperature,  tertiary  (Et)3SiOH:base:CCI4  hy- 
drogen-bonded solutions  (base  =  acetonitrile,  tetra- 
hydrofuran,  and  pyridine).  When  base  is  present  in  so- 
lution, the  intrinsic  OH-stretch  T1  vibrational  population 
lifetime  (183  plus  or  minus  6  ps  for  (Et)3SiOH  in  CCI4) 
is  reduced  by  bimolecular  (Et)3SiOH:base  hydrogen- 
bonding  encounters.  The  base  concentration  depend- 
ence of  the  'free'  OH-stretch  vibrational  deactivation 
rate  is  analyzed  by  a  Stern-Volmer  kinetic  model  and 
a  least-squares  fit  to  all  the  data  yielded  a  single  rate 
constant  k(BM)=1.2  plus  or  minus  0.2  x  10  to  the  10th 
power  dm  to  the  3rd  power  mole(-1)s(-1)  for 
(Et)3SiOH:base  bimolecular  encounters.  This  vlaue  is 
in  agreement  with  estimate  sfor  the  bimolecular  diffu- 
sion limit,  k(BM)  was  found  to  be  the  same  for  all 
(Et)3SiOH:base  interactions  studied,  suggesting  that 
the  bimolecular  OH-stretch  deactivation  mechanism  is 
relatively  insensitive  to  the  proton-accepting  strength 
of  the  base. 
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Radiance  temperatures  at  1500  nm  of  niobium  and 
molybdenum  at  their  melting  points  were  measured  by 
a  pulse-heating  technique.  The  method  is  based  on 
rapid  resistive  self-heating  of  the  strip-shaped  speci- 
men from  room  temperature  to  its  melting  point  in  less 
than  1  s  and  measuring  the  specimen  radiance  tem- 
perature every  0.5  nm  with  a  high-speed  infrared 
pryometer.  Melting  of  the  specimen  was  manifested  by 
a  plateau  in  the  radiance  temperature-versus-time 
function.  The  melting-point  radiance  temperature  for  a 
given  specimen  was  determined  by  averaging  the 
measured  values  along  the  plateau.  A  total  of  12  to 
13  experiments  was  performed  for  each  metal  under 
investigation.  The  melting-point  radiance  temperatures 
for  each  metal  were  determined  by  averaging  the  re- 
sults of  the  individual  specimens. 
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The  microwave  spectrum  of  the  formaldehyde-water 
complex  (CH20-H20)  has  been  studied  with  a  pulsed- 
beam  Fourier  transform  Fabry-Perot  cavity  spectrom- 
eter. Both  a-type  and  b-type  transitions  were  observed 
for  each  of  the  isotopic  species  studied.  To  provide  ad- 
ditional structural  information,  the  spectra  of  H20, 
HDO,  and  D20  substituents  combined  with  H2CO  and 
D2CO  were  assigned.  Measurement  of  the  dipole  mo- 
ment components  yielded  the  values  micro 
a=3. 379(13)  x  10  to  the  minus  30  power  C.m(micro 
a=1.043(4)D)  and  micro  b=2. 54(20)  x  10  to  the  minus 
30  power  Cm  (micro  b=0.76(6)D)  and  indicated  that 
the  dipole  moment  vectors  are  anti-aligned.  The  mo- 
lecular structure  derived  from  the  moments  of  inertia 
has  a  center  of  mass  separation  of  2.00(3)Angstroms 
with  the  C2v  symmetry  axes  of  the  monomers  oriented 
at  19.3  degrees  from  parallel  with  the  dipole  moments 
opposed.  The  complex  is  quite  strongly  bound  with  a 
harmonic  pseudodiatomic  stretching  force  constant, 
k2=8.93  N/m,  and  hydrogen  bond  lengths  of  approxi- 
mately 2.68  Angstroms  between  the  water  oxygen 
atom  and  a  CH2  hydrogen  atom,  and  2.03  Angstroms 
between  a  water  hydrogen  atom  and  the  oxygen  atom 
of  H2CO.  Expanded  uncertainties  (coverage  factor  k 
=  2  i.e.,  two  standard  deviations)  are  shown  in  paren- 
theses for  each  experimental  value  reported  above. 
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Radiation  damage  studies  on  electronic  components, 
polymers,  composites,  ceramics,  metals,  and  insulat- 
ing materials  exposed  to  very  large  doses  of  ionizing 
photons  and  particles  (i.e.  electrons,  protons,  and  neu- 
trons) require  reproducible  and  accurate  passive  do- 
simetry. Absorbed  doses  in  the  range  10  to  the  2nd 
power  -  2  x  10  to  the  6th  power  Gy  have  previously 
been  measured  with  optical  quality,  undoped  LiF  by 
spectrophotometry  of  radiation-induced  absorption 
bands  of  stable  color  centers.  These  include  the  rel- 
atively stable  F  center  (247  nm),  M  center  (443  nm), 
R1  center  (315  nm),  R2  center  (374  nm),  and  N2  cen- 
ter (547  nm).  It  is  now  possible  to  extend  this  range 
to  10  to  the  8th  power  Gy  by  spectrophotometry  of  the 
N1  center  (517  nm)  and  an  'X'  Center  (785  nm).  These 
dosemeters  can  be  used  from  cryogenic  (4  K)  to  rel- 
atively high  radiation  temperatures  (up  to  500  K).  the 
radiation-induced  coloration  can  be  bleached  for  re- 
use of  the  dosemeters  by  a  two  hour  thermal  annealing 
treatment  at  830  K. 
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Microwave  spectra  of  NCCCH-NH3,  CH3CCH-NH3, 
and  NCCCH-OH2  have  been  recorded  using  a  pulsed- 
nozzle  Fourier-transform  microwave  spectrometer. 
The  complexes  NCCCH-NH3  are  found  to  have  sym- 
metric-top structures  with  the  acetylenic  proton  hydro- 
gen-bonded to  the  nitrogen  of  the  NH3.  The  data  for 
CH3CCH-NH3  are  further  consistent  with  free  or  nearly 
free  internal  rotation  of  the  methyl  top  against  the  am- 
monia top.  For  NCCCH-OH2,  and  acetylenic  proton  is 
hydrogen-bonded  to  the  oxygen  of  the  water.  The  com- 
plex has  a  dynamical  C2  structure,  as  evidenced  by 
the  presence  of  two  nuclear-spin  modifications  of  the 
complex.  The  hydrogen  bond  lengths  and  hydrogen- 
bond  stretching  force  constants  are  2.212  Angstroms 
and  10.8N/m,  2.322  Angstroms  and  6.0N/m,  and  2.125 
Angstroms  and  9.6N/m,  for  NCCCH-NH3,  CH3CCH- 
NH3,  and  NCCCH-OH2,  respectively.  For  the 
cyanoacetylene  complexes,  these  bond  lengths  and 
force  constants  lie  between  the  values  for  the  related 
hydrogen  cyanide  and  acetylene  complexes  of  NH3 
and  H20.  The  NH3  bending  and  weak-bond  stretching 
force  constants  of  CH3CCH-NH3  are  less  than  those 
found  in  NCCCH-NH3,  NCH-NH3,  and  HCCH-NH3, 
suggesting  that  the  hydrogen  bonding  interaction  is 
particularly  weak  in  CH3CCH-NH3.  The  weakness  of 
this  hydrogen  bond  is  partially  a  consequence  of  ori- 
entation ot  monomer  electric  dipole  moments  in  the 
complex.  In  CH3CCH-NH3  the  antialigned  monomer 
dipole  moments  leads  to  a  repulsive  dipole-dipole 
interaction  energy,  while  in  NCH-NH3  and  NCCCH- 
NH3  the  aligned  dipoles  give  an  attraction  interaction. 
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Radiochromic  dye  films  have  been  studied  with  the 
purpose  of  optimizing  the  formulation  in  order  to  in- 
crease their  sensitivity  to  ultraviolet  and  ionizing  radi- 
ation. The  films  consist  of  certain  substituted 
triphenylmethane  leucodyes  incorporated  in  an  acid 
solution  with  polyacetal  resins,  which  can  be  cast  into 
thin,  colorless,  tansparent  films.  Upon  irradiation  they 
become  deeply  colored  due  to  dye  formation  (without 
development):  they  are  analyzed  for  dosimetry  by  ab- 
sorption spectrophotometry  at  the  visible  wavelength 
of  maximum  absorption,  in  terms  of  increase  of 
absorbance  versus  delivered  absorbed  dose.  Re- 
sponse functions  were  obtained  for  different  films,  in 
which  the  concentrations  of  each  of  the  constituents, 
the  dye  precursors,  as  well  as  the  types  of  acids  and 
solvents  were  varied.  A  new  formulation  is  suggested 
for  radiochromic  dye  films  useful  in  the  dose  range 
from5kGyto  35  kGy. 
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To  improve  the  accuracy  of  the  235U(n,f)  cross  sec- 
tion, measurements  have  been  made  of  this  standard 
cross  section  at  the  target  4  facility  at  Los  Alamos  Na- 
tional Laboratory  (LANL).  The  data  were  obtained  at 
the  20-meter  flight  path  of  that  facility.  The  fission  reac- 
tion rate  was  determined  with  a  fast  parallel  plate  ion- 
ization chamber  and  the  neutron  fluence  was  meas- 
ured with  an  annular  proton  recoil  telescope.  The 
measurements  provide  the  shape  of  the  235U(n,f) 
cross  section  relative  to  the  hydrogen  scattering  cross 
section  for  neutron  energies  from  about  3  to  30  MeV 
neutron  energy.  The  data  have  been  normalized  to  the 
very  accurately  known  value  near  14  MeV.  The  results 
are  in  good  agreement  with  the  ENDF/B-VI  evaluation 
up  to  about  1 5  MeV  neutron  energy.  Above  this  energy 
differences  as  large  as  5%  are  observed. 
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Measurements  have  been  made  of  the  neutron  in- 
duced fission  cross  section  of  237Np(n,f)  at  the  Los 
Alamos  Neutron  Scattering  Center  utilizing  a  white 
neutron  source  and  a  fast  parallel  multiplate  ionization 
chamber.  The  10B(n,a)  standard  cross  section  was 
used  to  establish  the  energy  dependence  of  the  neu- 
tron fluence  and  a  very  accurately  known  fission  reso- 
nance integral  for  235U  was  used  for  normalization. 
The  measurements  in  the  resonance  region,  from  5  eV 
to  5  keV,  indicate  that  the  ENDF.B-VI  values  are  too 
low  by  about  a  factor  of  three. 
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This  article  presents  the  results  of  some  measure- 
ments of  the  influence  of  envelope  size  and  shape  on 
the  N2  sensitivity  of  two  nominally  identical  'nude'  ex- 
tractor ionization  gauges,  and  three  common  'nude' 
versions  of  the  Bayard-Alpert  ionization  gauge.  Meas- 
urement were  made  over  the  pressure  range  10  to  the 
minus  7  power  -  10  to  the  minus  1  power  Pa,  using 
typical  gauge  operating  parameters  and  with  vacuum 
chamber  and  gauge  envelope  at  ground  potnetial. 
Sensitivity  values  corresponding  to  three  different  en- 
velopes used  in  this  work  differed  by  as  much  as  a  fac- 
tor of  2  (comparing  maximum  value  to  minimum  value 
for  each  gauge)  for  the  Bayard-Alpert  gauges.  For  the 
extractor  gauges,  the  diferences  were  as  large  as  7%. 
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The  areal  densities  (g/cm2)  of  enriched  boron  and  lith- 
ium fluoride  targets  were  compared  to  those  of  ref- 
erence deposits  from  the  Central  Bureau  of  Nuclear 
Measurements  (CBNM,  Geel,  Belgium)  by  charged- 
particle  counting  at  the  NIST  Research  Reactor.  The 
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uniformity  of  the  target  thicknesses  was  also  inves- 
tigated by  scans  with  a  small-diameter,  intense  neutron 
beam.  The  neutron  uniformity  measurements  agree 
satisfactorily  with  previously  reported  interferometric 
results  and  no  pattern  of  uniformity  variation  except  the 
expected,  small  radial  dependence  was  found.  In  a 
separate  series  of  measurements,  the  boron  areal  den- 
sity ratios  of  a  number  of  the  deposits  were  determined 
using  a  new  double  ionization  chamber.  The  new  dou- 
ble ionization  chamber  permits  a  comparison  of  two 
targets  directly  without  a  beam  monitor  and  without 
sensitivity  to  the  exact  placement  of  the  samples.  The 
new  device  needs  only  a  very  simple  data  acquisition 
system  and  requires  less  neutron  beam  intensity  than 
the  previously  employed  systems  with  arrays  of  sur- 
face barrier  detectors.  The  ionization  chamber  count- 
ing losses  from  the  combined  effects  of  self-absorption 
and  sub-threshold  pulse-height  formation  were  deter- 
mined by  comparison  with  ratio  measurements  made 
by  the  conventional  surface  barrier  detector  technique. 
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The  authors  present  a  theory  of  the  orientational  dy- 
namics of  solid  C60  which  takes  into  account  the  cou- 
pling of  orientational  modes  belonging  to  various  sym- 
metries and  manifolds.  More  coupling  strongly  en- 
hances the  transition  temperature  and  the  discontinuity 
of  the  order  parameter  at  the  first  order  phase  transi- 
tion to  the  Pa3  structure.  The  diffuse  scattering  inten- 
sity in  the  disordered  phase  is  calculated  and  com- 
pared with  experiments. 
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The  optical  theorem  for  an  incident  plane  was  interact- 
ing with  a  finite  scatterer  is  generalized  to  the  case  of 
on-axis  Gaussian  beams,  taken  as  examples  of 
shaped  beams.  The  results  are  restricted  in  the  paper 
to  homogeneous  spheres.  The  beams  are  defined  by 
using  (1)  the  standard  description  (2)  the  localized  ap- 
proximation and  (3)  the  modified  localized  approxima- 
tion. Rigorous  expressions  generalizing  the  classical 
plane  wave  case  expression  are  given  and  numerically 
discussed.  A  recently  proposed  approximation  is  in- 
vestigated in  order  to  point  out  assumptions  underlying 
its  validity. 
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From  molecular  spectroscopy  of  the  Na2  purely  long- 
range  O-g  state  the  authors  determine  the  Na(3P)  life- 
time and  measure  the  predicted  but  previously 
unobserved  effect  of  retardation  in  the  interaction  be- 


tween two  atoms.  The  lifetime  tau(P3/2)=1 6.230(1 6) 
ns  helps  to  remove  a  longstanding  discrepancy  be- 
tween experiment  and  theory.  Electron  cloud  overlap 
is  unimportant  in  the  O-g  state  (R  greater  than  55ao) 
and  the  spectrum  is  calculated,  ab  initio,  from  atomic 
properties.  By  measuring  the  binding  energies  the  120 
MHz  correction  due  to  retardation  of  the  resonant- 
dipole  R-3  interaction  is  confirmed. 
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The  laminar,  single-phase  heat  transfer  and  friction 
characteristics  of  a  porcupine-like  surface  (integral- 
spine  fin)  within  an  annulus  are  presented.  The  heat- 
transfer  coefficient  was  determined  using  a  modified 
version  of  the  Wilson  Plot  method  on  a  3  m  test  sec- 
tion. Three  fluids  were  investigated:  (1)  water,  (2)  34% 
ethylene  glycol/water  mixture,  and  (3)  40%  ethylene 
glycol/water  mixture.  These  fluids  produced  a  sufficient 
variation  in  the  Prandtl  number,  so  that  its  exponential 
dependence  could  be  determined.  The  annulus  Reyn- 
olds numbers  were  varied  from  100  to  1400  to  obtain 
the  Reynolds  number  exponent.  An  empirical  correla- 
tion for  the  Nusselt  number  that  accounts  for  the  devel- 
opment of  the  thermal  boundary  layer  is  presented.  An 
empirical  correlation  for  the  Fanning  friction  factor  is 
also  provided.  It  is  shown  that  the  spines  enhance  the 
heat  transfer  through  additional  surface  area  and  fluid 
mixing. 
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Measurements  of  the  EPR  signal  amplitude  of  gamma- 
irradiated  L-alpha-alanine  with  use  of  an  adjacent  ref- 
erence sample  have  revealed  variations  in  the  signal 
intensity  within  hours  and  days  after  irradiation.  The 
character  of  the  time  dependence  of  the  amplitude  var- 
ies with  dose  and  the  amplitude  changes  reach  1- 
1.5%.  This  observation  favors  the  hypothesis  that  irra- 
diated alanine  contains  several  paramagnetic  centers. 
Usefulness  of  adjacent  reference  samples  in  alanine 
dosimetry  is  also  demonstrated. 
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Pulsed  ultrasound  propagating  in  water  was  used  at 
megahertz  carrier  frequencies  (nominally  10-50  MHz) 


to  reflect  and  scatter  from  rough  surfaces  in  the  same 
way  as  light.  We  have  considered  noncontact  ultra- 
sonic techniques  as  complementary  to  optical  tech- 
niques in  several  ways:  (a)  for  specific  applications 
such  as  wet  surfaces,  (b)  for  rougher  surfaces  with  av- 
erage roughness,  Ra  >  or  =  0.1  micrometer,  and  (c) 
for  (simultaneous)  profilometry  by  time-of-flight  meas- 
urements. Stylus  and  ultrasonic  data  are  compared.  An 
example  of  application  to  the  manufacturing  environ- 
ment is  for  on-line,  real-time  sensor  feedback  and 
process  control  in  the  cutting  or  grinding  of  metals  and 
ceramics. 
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A  high  power  and  sensitive  gated  radio-frequency  (rf) 
measurement  system  has  been  used  to  determine  the 
absorption  of  compressional  waves  in  air,  in  the  fre- 
quency range  from  10-20  MHz.  The  measured  absorp- 
tion, between  80  and  90  kPa  and  at  room  temperature 
(15  deg  C  to  25  deg  C),  has  been  found  to  be  in  good 
agreement  with  that  predicted,  by  extrapolation,  from 
low-frequency  (below  1  MHz)  data  for  the  combination 
of  the  classical  and  rotational  loss  effects.  The  velocity 
of  ultrasound  in  air  in  the  frequency  range  from  10-18 
MHz  has  also  been  measured  and  is  in  good  agree- 
ment with  that  predicted  from  theory.  Normalized  ve- 
locity and  attenuation  data  plotted  against  Knudsen 
numbers  and  a  rarefaction  parameter  are  in  good 
agreement  with  those  obtained  at  reduced  pressure 
and  lower  frequencies. 
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A  measurement  system  has  been  developed  to  inves- 
tigate the  technology  required  for  high-power  gas-cou- 
pled ultrasonics  and  the  phenomenology  of  finite-am- 
plitude of  ultrasonic  waves  in  gases  at  high  frequencies 
(>  10  MHz)  and  pressures  up  to  10  MPa  (100  bar). 
In  this  paper,  results  of  measurements  of  compression 
wave  absorption  and  velocity  in  argon  between  10  and 
25  MHz,  with  various  combinations  of  pressure,  tem- 
perature and  power  level  are  presented.  For  small-am- 
plitude waves,  the  resulting  data  are  in  good  agree- 
ment with  that  calculated  using  ideal  gas  equations 
and  fundamental  thermophysical  gas  constants.  At 
higher  power  levels,  non-linear  phenomena  are  ob- 
served. 
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An  analysis  of  the  interaction  of  a  pulse  of  Rayleigh 
waves  on  a  plate  with  a  rectangular  flange  or  rib  at- 
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tached  in  the  far  field  of  its  acoustic  emission  (AE) 
source  is  presented.  A  finite  difference  (FD)  model  is 
used  to  give  numerical  visualizations  of  the  develop- 
ment of  the  complete  wave-field  propagating  through 
the  structure  and  also  to  give  displacement  data  for  se- 
lected points.  An  'energy  partition  model',  for  Rayleigh 
wave  propagation  across  the  rib  has  been  developed 
and  is  described.  Ray  theory  wave  arrival  time  calcula- 
tions are  given  for  the  propagation  of  various  mode- 
converted  components  transmitted  across  the  flange. 
A  series  of  experimental  measurements  of  AE  wave 
propagation  across  a  T-butt  welded  rib  on  a  plate  were 
made  and  these  are  compared  with  the  model  pre- 
dictions. The  practical  implications  of  these  findings  for 
acoustic  emission  monitoring  of  large  structures  of 
complex  shape  are  discussed. 
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An  ultrasonic  technique  for  studying  vibrational  reso- 
nant modes  of  metallic  spheres  is  presented.  The  tech- 
nique employs  electromagnetic-acoustic  transduction 
with  a  configuration  consisting  of  a  sample  surrounded 
by  a  coil  in  a  static  magnetic  field.  Resonance  spectra 
from  0.5  to  4.5  MHz  with  the  coil  axis  parallel  and  per- 
pendicular to  the  magnetic  field  are  measured  for  a 
3.145-mm-diam  sphere  of  polycrystalline  2024  alu- 
minum. Elastic  constants  calculated  from  the  resonant 
peak  frequencies  are  consistent  with  results  obtained 
using  an  ultrasonic  pulse-echo  system.  This  new  tech- 
nique has  advantages  over  pulse-echo  and  conven- 
tional resonance  techniques  for  experiments  where 
high  absolute  accuracy  is  necessary  or  where  samples 
are  heated  far  above  room  temperature. 
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The  speed  of  sound  in  air  has  been  measured  along 
isotherms  for  a  'standard  air1  mixture  (0.7811  N2  + 
0.2097  02  +  0.0092  Ar)  in  the  gas  and  liquid  phases 
at  pressure  to  14  MPa.  A  cylindrical  resonator  was 
used  in  the  vapor  and  supercritical  gas  phases,  and 
a  time-of-flight  system  was  used  for  measurements  of 
the  liquid  phase.  Data  were  obtained  for  the  liquid 
phase  at  90,  100,  110,  120,  and  130  K.  Data  were 
taken  at  110,  120,  130,  135,  140,  150,  200,  and  300 
K  in  the  vapor  and  supercritical  gas  phases.  These  ex- 
perimental results  were  compared  to  a  predictive  com- 
puter model,  namely,  AIRPROPS. 
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A  detailed  computational  study  is  presented  for  the  ra- 
dial-axial modes-both  leaky  and  non-leaky-in  an  infi- 
nitely clad  isotropic  rod.  The  complex  phase  velocities 
of  leaky  modes  are  located  using  an  application  of  the 
argument  principle.  Particle  orbits  are  determined,  and 
leaky  modes  are  shown  to  have  an  asymptotic  leakage 
angle  away  from  the  interface.  By  using  the  homotopic 
methods  of  varying  densities  and  elastic  constants, 
clad-rod  modes  are  compared  with  those  in  a  bare  rod. 
The  topology  of  the  clad-rod  mode  dispersion  diagram 
differs  qualitatively  from  that  of  a  bare  rod,  even  when 
the  cladding  has  negligible  density,  with  no  velocity 
cutoffs  and  with  wave  mode  knitting.  Comparison  is 
also  given  with  modes  occuring  in  a  cladding  without 
a  rod  present  (a  tunnel)  and  for  a  planar  interface.  Most 
leaky  modes  can  be  correlated  with  rod  modes;  only 
a  limited  number  of  tunnel  modes  exist.  Energy  flow 
contours  within  modes  are  also  calculated.  The  local 
energy  velocity,  which  generalizes  group  velocity,  can 
vary  considerably  in  the  radial  direction  for  bare  rod 
modes.  For  leaky  modes  the  contours  are  quite  com- 
plex due  to  the  cylindrical  geometry,  giving  rise  to  ap- 
parent shifts  in  wave  position  across  the  interface. 
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NIST  Handbook  150-8  presents  the  technical  require- 
ments of  the  National  Voluntary  Laboratory  Accredita- 
tion Program  (NVLAP)  for  Acoustical  Testing  Services. 
It  is  intended  for  information  and  use  by  staff  of  accred- 
ited laboratories,  those  laboratories  seeking  accredita- 
tion, other  laboratory  accreditation  systems,  users  of 
laboratory  services,  and  others  needing  information  on 
the  requirements  for  accreditation  under  this  program. 
This  publication  supplements  NIST  Handbook  150, 
NVLAP  Procedures  and  General  Requirements,  which 
contains  Part  285  of  Title  15  of  the  U.S.  Code  of  Fed- 
eral Regulations  (CFR)  plus  all  general  NVLAP  proce- 
dures, criteria,  and  policies.  Handbook  150-8  contains 
information  that  is  specific  to  the  Acoustical  Testing 
Services  program  and  does  not  duplicate  information 
contained  in  the  Procedures  and  General  Require- 
ments. It  is  organized  to  cross-reference  with  Hand- 
book 150;  for  example,  Section  285.3  of  Handbook  150 
presents  the  description  and  goal  of  NVLAP,  whereas 
Section  285.3  of  Handbook  150-8  presents  the  de- 
scription of  the  Acoustical  Testing  Services  program. 
Where  there  is  no  material  specific  to  the  field  of  ac- 
creditation, the  section  number  is  omitted. 
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The  authors  present  measurements  of  the  speed  of 
sound  in  gaseous  difluoromethoxy-difluoromethane 


(CHF2-0-CHF2)  and  2-difluoromethoxy-  1,1,1- 
trifluoroethane  (CF3-CH2-0-CHF2).  These  measure- 
ments were  performed  in  an  all-metal  apparatus  be- 
tween 255  and  384  K.  The  authors  have  obtained 
ideal-gas  heat  capacities  and  second  acoustic  virial  co- 
efficients from  analysis  of  these  measurements.  Two 
methods  of  correlating  the  second  acoustic  virial  coeffi- 
cients, a  squarewell  model  of  the  intermolecular  inter- 
action and  a  function  due  to  Pitzer  and  Curl,  are  pre- 
sented. 
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Acoustic  center  corrections  for  microphones  are  nec- 
essary for  accurate  free-field  calibration  by  the  reci- 
procity technique.  Such  correction  for  several  pairs  of 
the  relatively  new  type  LS2aP  microphone  (IEC  Std. 
1094-1 : 1 992)  were  obtained  by  utilizing  the  theoretical 
inverse  relationship  between  the  sound  pressure  am- 
plitude at  the  receiving  microphone  and  the  distance 
between  the  acoustic  centers  of  the  source  and  receiv- 
ing microphones.  For  a  nominally  10-V  sinusoidal  rms 
excitation  of  the  source  microphone,  source-to-re- 
ceiver voltage  ratios  were  measured  with  a  dynamic 
signal  analyzer  at  500  Hz  intervals  in  the  extended  fre- 
quency range  (2  to  50)kHz.  This  procedure  allowed  all 
the  data  for  a  microphone  pair  to  be  gathered  within 
several  hours  as  a  function  of  microphone  diaphragm 
separation  at  10-mm  intervals  from  101  to  311  mm.  At 
each  frequency,  these  ratios  were  corrected  for  atmos- 
pheric effects,  including  attenuation  of  sound,  and  then 
fit  to  a  straight  line  (ratio  versus  diaphragm  separation). 
Acoustic  center  corrections  were  calculated  from  the 
derived  values  of  the  fit  parameters.  These  corrections 
agree  with  appropriately  scaled  values  (IEC  Publica- 
tion 486-1974)  for  'l-in.'  microphones  with  recessed 
diaphragms.  Physical  phenomena  that  cause  small  de- 
viations from  the  linear  fits  will  be  discussed  along  with 
uncertainty  estimate,  and  effects  of  spatially  truncating 
data. 
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The  dramatic  improvement  in  modern  materials  has 
driven  the  search  for  improved  measurement  tech- 
niques, for  both  the  detection  of  flaws  which  will  pre- 
vent or  limit  applications  and  for  the  evaluation  of  basic 
physical  parameters  of  the  materials  themselves.  The 
mirage  thermal  wave  technique  has  been  used  suc- 
cessfully to  meet  both  requirements.  Because  thermal 
waves  are  sensitive  to  changes  in  the  heat  flow  in  a 
material,  the  thermal  wave  technique  is  complemen- 
tary to  techniques  such  as  ultrasonics  and  light  scatter- 
ing measurements,  which  are  sensitive  to  changes  in 
elastic  and  optical  properties,  respectively. 
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A  bibliography  of  156  references  on  heat  transfer  from 
solid  surfaces  to  fluids  and  related  phenomena  is  pre- 
sented. Heat  transfer  data  obtained  from  experimental 
work  on  cryogenic  fluids  are  presented  in  graphical 
form.  The  theoretical  and  empirical  formulations  ap- 
pearing in  the  references  are  presented.  In  those 
cases  where  sufficient  information  is  available  to  make 
numerical  computations,  the  formulations  are  pre- 
sented graphically  to  permit  comparison  with  the  re- 
sults of  the  experimental  work. 
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The  boundary  layer  of  an  elliptic  cylinder  of  major  and 
minor  axes  11.78  and  3.98  inches,  respectively,  was 
investigated  in  an  air  stream  in  which  the  turbulence 
could  be  varied.  Conditions  were  arranged  so  that  the 
flow  was  two-dimensional  with  the  major  axis  of  the  el- 
lipse parallel  to  the  undisturbed  stream.  Speed  dis- 
tributions across  the  boundary  layer  were  determined 
with  a  hot-wire  anemometer  at  a  number  of  positions 
about  the  surface  for  the  lowest  and  highest  intensities 
of  turbulence,  with  the  air  speed  in  both  cases  suffi- 
ciently high  to  produce  a  turbulent  boundary  layer  over 
the  downstream  part  of  the  surface.  The  magnitude 
and  the  frequency  of  the  speed  fluctuations  in  the 
boundary  layer  were  also  measured  by  the  use  of  the 
conventional  type  of  hot-wire  turbulence  apparatus. 
Stream  turbulence  was  found  to  affect  both  the  nature 
of  transition  from  to  turbulent  flow  in  the  layer  and  the 
position  on  the  surface  at  which  transition  occurred. 
Transition  was  then  investigated  in  detail  with  stream 
turbulence  of  several  different  scales  and  intensities. 
It  was  found  that  the  position  of  transition  could  be  ex- 
pressed as  a  function  of  the  intensity  divided  by  the 
fifth  root  of  the  scale.  (KAR)  P.5. 
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The  design  and  operation  of  two  ebulliometers  is  de- 
scribed. One  is  constructed  of  glass  and  is  used  for 
measuring  vapor  pressures  of  fluids  at  low  reduced 
temperatures  and  pressures.  The  other  is  constructed 
of  metal.  It  can  be  used  for  vapor  pressure  measure- 
ments, and  also  for  the  study  of  fluid  mixture  thermo- 
dynamics through  the  determination  of  the  activity  co- 
efficients at  infinite  dilution.  The  advantages  and  po- 
tential problems  associated  with  ebulliometers  are  de- 
scribed, and  typical  results  are  given  for  the  properties 
of  alternative  refrigerants. 
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This  report  presents  recent  results  obtained  in  a  con- 
sortium-sponsored research  program  on  flowmeter  in- 
stallation effects  being  conducted  at  NIST- 
Gaithersburg,  MD.  The  objective  of  this  research  pro- 
gram is  to  produce  improved  flowmeter  performance 
when  meters  are  installed  in  non-ideal  conditions.  Ideal 
meter  installation  conditions  are  those  where  long 
straight  lengths  of  constant  diameter  piping  precede 
the  meter  locations.  Actual  installations  seldom  con- 
form to  these  conditions.  This  research  effort  has  also 
included  experimental  studies  of  the  flow  into  and  out 
of  several  tube  bundle  flow  conditioners.  These  results 
have  produced,  for  the  first  time,  detailed  descriptions 
of  the  effects  these  devices  have  on  swirling  pipe 
flows.  Specifically,  this  report  contains  measurements 
of  the  pipeflows  produced  downstream  of  the  conven- 
tional reducer.  Results  are  given  for  the  performance 
characteristics  of  a  range  of  orifice  meter  geometries 
and  a  specific  turbine  meter  in  these  pipe  flows.  Also 
included  are  the  velocity  profile  measurements  down- 
stream of  the  tee  used  as  an  elbow  and  several  ar- 
rangements of  tube  bundles  installed  downstream  of 
the  single  elbow  and  the  tee  used  as  an  elbow. 
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The  chapter  summarizes  the  transient  hot-wire  tech- 
nique for  the  measurement  of  thermal  conductivity  of 
fluids.  A  description  is  given  for  specific  examples  of 
instruments  of  proven  reliability  for  both  electrically 
conducting  and  electrically  non-conducting  fluids.  The 
theory  and  working  equations  of  the  method  are  given, 
as  is  the  accuracy  of  the  technique. 
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A  nonequilibrium  molecular-dynamics  method  is  pro- 
posed to  simulate  the  behavior  of  simple  fluids  under 
high  shear  rates.  A  thermostat  that  makes  no  assump- 
tions regarding  the  form  of  the  streaming  velocity  of 
the  fluid  is  introduced.  Simulations  are  carried  out  for 
a  Weeks-Chandler-Andersen  dense  liquid.  With  the 
form  of  the  streaming  velocity  partially  or  wholly  con- 
strained, we  find  evidence  for  a  reentrant  solid  or  string 
phase,  but  the  phase  disappears  if  constraints  are  re- 
moved. Small-angle  neutron-scattering  data  from  a 
sheared  colloidal  suspension  are  presented.  There  is 
no  evidence  of  a  steady-state  shear-induced  structure 
in  the  suspension. 
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In  a  previous  publication  (Z.  Y.  Chen,  A.  Abbaci,  S. 
Tang,  and  J.  V.  Sengers,  Phys.  Rev.  A  42,  4470 
(1990))  a  renormalized  Landau  expansion  was  con- 
structed for  the  thermodynamic  free  energy  of  one- 
component  fluids  that  incorporates  the  crossover  from 
singular  thermodynamic  behavior  at  the  critical  point 
to  regular  behavior  far  away  from  the  critical  point.  In 
the  present  paper  the  approach  is  extended  to  obtain 
a  crossover  free  energy  for  binary  fluid  mixtures  in  the 
region  around  the  vapor-liquid  critical  line.  The  thermo- 
dynamic equations  thus  obtained  are  compared  with 
experimental  equation-of-state  and  specific-heat  data 
for  mixtures  of  carbon  dioxide  and  ethane. 
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An  experimental  investigation  of  the  transition  from  a 
laminar  to  a  fully-developed  turbulent  boundary  layer 
induced  by  a  three  dimensional  roughness  element  in 
a  zero  pressure  gradient  boundary  layer,  incorporating 
an  extensive  bibliography,  is  described.  The  critical 
roughness  Reynolds  number  at  which  turbulence  is  re- 
garded as  originating  at  the  roughness  was  determined 
for  the  roughness  elements  herein  considered  and 
evaluated  in  the  context  of  data  existing  in  the  lit- 
erature. The  effect  of  a  steady  and  oscillatory  free 
stream  velocity  on  eddy  shedding  was  also  inves- 
tigated and  whether  the  eddy  shedding  is  governed  by 
an  inflectional  instability  is  examined.  Distributions  of 
mean  velocity  and  turbulence  intensity  demonstrating 
the  evolution  toward  a  fully  developed  turbulent  bound- 
ary layer  were  measured  at  various  Reynolds  num- 
bers. A  two  region  model  is  postulated  for  the  evolu- 
tionary change  toward  a  fully  developed  turbulent 
boundary  layer:  an  inner  region  where  the  turbulence 
is  generated  by  the  complex  interaction  near  the  sur- 
face of  hairpin  eddies  with  pre-existing  stationary  vorti- 
ces, and  an  outer  region  where  the  hairpin  eddies  de- 
form and  generate  turbulent  vortex  rings.  The  structure 
of  the  resulting  fully  developed  turbulent  boundary 
layer  is  discussed  in  the  light  of  the  proposed  model 
for  the  evolutionary  process. 

04,201 

PB95-105540       PC  A05/MF  A01 
National  Inst,  of  Standards  and  Technology  (CSTL), 
Gaithersburg,  MD.  Process  Measurements  Div. 
Flow  Conditioner  Tests  for  Three  Orifice  Flow- 
meter Sizes. 
Technical  note. 

J.  L.  Scott,  and  M.  A.  Lewis.  May  94,  87p,  NIST/TN- 
1367. 

Also  available  from  Supt.  of  Docs,  as  SN003-003- 
03287-5.  Sponsored  by  Gas  Research  Inst.,  Chicago, 
IL. 

Keywords:  "Orifice  flow,  'Flowmeters,  Flow  measure- 
ment, Discharge  coefficient,  Flow  resistance,  Orifices, 
Pipe  flow,  Turbulent  flow,  Reynolds  number,  "Flow 
conditioners,  Beta  ratio. 

Tests  sponsored  by  the  Gas  Research  Institute  were 
performed  with  orifice  flowmeters  of  three  nominal 
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sizes:  52,  104,  and  154  mm  (2,  4,  and  6  in).  Tests  with 
the  52  mm  orifice  meter  included  establishing  a  base- 
line curve  for  6  beta  ratios  and  then  conducting  flow 
conditioner  performance  tests  with  an  elbow  located  1 7 
pipe  diameters  (17D)  upstream  of  the  orifice  plate.  Re- 
sults from  this  laboratory  indicate  that  beta  ratios  of 
0.54  or  less  do  not  require  flow  conditioning  in  this  con- 
figuration and  the  19  tube  bundle  flow  conditioner  at 
12D  produces  the  best  results  for  larger  beta  ratios. 
For  the  104  mm  orifice  meter  in  the  same  piping  con- 
figuration, flow  conditioning  is  necessary  for  beta  ratios 
of  0.55  and  greater.  Meter  performance  is  less  sen- 
sitive to  the  location  of  the  7  tube  bundle  than  the  19 
tube  bundle  flow  conditioner,  but  the  influence  of  the 
flange  tape  location  is  greater.  Testing  of  two  beta  ra- 
tios in  the  1 54  mm  orifice  meter  in  a  baseline  configura- 
tion and  with  a  tee  located  18D  from  the  orifice  plate 
indicates  that  placing  a  1 9  tube  bundle  flow  conditioner 
at  12D  produces  discharge  coefficients  equivalent  to 
those  measured  in  baseline  conditions.  Flow  rates  for 
all  tests  were  in  the  turbulent  regime. 
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The  authors  show  how  an  inversion  formula  can  be  de- 
rived for  reconstructing  the  magnitude  and  direction  of 
stratified  fluid  flow  from  two  scattering  measurements. 
The  measurements  are  recorded  by  transmitting  an 
acoustic  pulse  from  a  source  below  the  region  of  strati- 
fied flow  and  then  recording  the  scattered  wave  at  an- 
other point  horizontally  displaced  from  the  source.  A 
second  measurement  is  performed  with  the  source  and 
receive  interchanged  and  the  result  is  subtracted  from 
the  first  scattering  measurement.  This  difference  is, 
within  the  Born  approximation,  independent  of  scatter- 
ing that  arises  from  stationary  inhomogeneities  and 
thus  solely  sensitive  to  scattering  due  to  flow.  As  a  by- 
product, the  sum  of  the  two  scattering  measurements 
with  source  and  receiver  interchanged  yields  a  quantity 
sensitive  only  to  scattering  from  stationary 
inhomogeneities.  This  allows  the  stationary 
inhomogeneities  to  be  recovered  independently  of 
flow. 
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The  Fluid  Mixtures  Data  Center  and  the 
Thermophysics  Division  are  currently  supporting,  and 
continuing  development  on  several  computerized 
packages  to  calculate  the  thermophysical  properties  of 
commercially  important  fluid  systems.  The  NIST 
Thermophysical  Properties  of  Hydrocarbon  Mixtures 
Database  (SUPERTRAPP)  and  the  NIST  Mixture 
Property  Database  (DDMIX)  are  based  on  extended 
corresponding  states  models.  The  NIST 
Thermophysical  Properties  of  Fluids  Database 
(MIPROPS)  computes  properties  of  17  pure  fluids, 
generally  of  cryogenic  importance,  based  on  validated 
wide  ranging  thermophysical  properties  correlations. 
The  NIST  Thermodynamic  Properties  of  Refrigerants 
and  Refrigerant  Mixtures  Database  (REFPROP)  com- 
putes thermodynamic  and  transport  properties  of  exist- 
ing as  well  as  proposed  environmentally  acceptable  al- 
ternative refrigeration  fluids  and  mixtures.  Finally,  the 
NIST  Thermophysical  Properties  of  Water  Database 
interactively  calculates  properties  using  the  most  re- 


cent formulation  approved  by  the  International  Asso- 
ciation for  the  Properties  of  Water  and  Steam. 
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The  report  presents  recent  results  obtained  in  a  con- 
sortium-sponsored research  program  on  flowmeter  in- 
stallation effects  being  conducted  at  National  Institute 
of  Standards  and  Technology  (NIST)-Gaithersburg, 
MD,  presented  at  the  meeting  of  consortium  partici- 
pants in  November  1992.  This  project  is  supported  by 
an  industry-government  consortium  and  has  been  un- 
derway for  several  years.  This  piping  element  tested 
and  reported  here  is  the  conventional  45  degree  elbow; 
the  conventional  1 9-  and  7-tube  concentric  tube  bundle 
flow  conditioners  were  also  tested.  The  LDV  velocity 
measurements  are  reported  for  the  pipeflows  produced 
downstream  of  the  45  degree  elbow  with  and  without 
the  19-tube  tube  bundles.  The  performance  character- 
istics of  a  range  of  orifice  meters  with  various  pressure 
tap  geometries  and  a  specific  turbine  meter  are  ob- 
tained downstream  of  the  45  degree  elbow  with  and 
without  the  19-  and  7-tube  bundle  flow  conditioners. 
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Results  from  a  numerical  study  examining  cross-prop- 
erty relations  linking  fluid  permeability  to  diffusive  and 
electrical  properties  are  presented.  Numerical  solu- 
tions of  the  Stokes  equations  in  three-dimensional  con- 
solidated granular  packings  are  employed  to  provide 
a  basis  of  comparison  between  different  permeability 
estimates.  Estimates  based  on  the  lambda  parameter 
(a  length  derived  from  electrical  conduction)  and  on 
d(sub  c)  (a  length  derived  from  immiscible  displace- 
ment) are  found  to  be  considerably  more  reliable  than 
estimates  based  on  rigorous  permeability  bounds  relat- 
ed to  pore  space  diffusion.  We  propose  two  hybrid  rela- 
tions based  on  diffusion  which  provide  more  accurate 
estimates  than  either  of  the  rigorous  permeability 
bounds. 
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Metal  capillary  tubes  are  commonly  used  as  leak  ele- 
ments to  admit  known  flows  of  gases  into  vacuum  sys- 
tems for  calibration  of  vacuum  gaging  equipment.  In 
many  instances  it  is  desired  to  generate  flow  rates  over 
a  range  of  three  or  more  decades,  preferably  with  a 
single  leak  element.  The  generation  of  flow  rates  over 


wide  ranges  is  possible  with  metal  capillary  leaks,  but 
in  most  cases  the  conductance  of  the  leak  element  will 
need  to  be  measured  as  a  function  of  the  relevant  pres- 
sures due  to  the  changing  of  the  flow  regimes.  Many 
fits  to  experimental  data  and  theoretical  models  exist 
for  predicting  the  flow  rate  through  tubes,  but  their  va- 
lidity is  not  well  established  in  this  study,  measured 
conductances  of  stainless  steel  tubes  for  flow  rate  of 
10(exp  -8)  to  10(exp  -14)  mol/s  with  several  inert  gases 
are  compared  with  various  experimental  and  theoreti- 
cal models  of  gas  flow  in  the  molecular,  viscous  and 
transition  flow  regimes.  Characteristics  of  crimped 
metal  capillaries  are  also  examined  over  this  range  of 
flows. 
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An  experimental  investigation  was  designed  to  test  the 
hypothesis  that  all  axisymmetric  turbulent  free  jets  be- 
come asymptotically  independent  of  the  source  condi- 
tions and  may  be  described  by  classical  similarity  anal- 
ysis. Effects  of  initial  conditions  were  studied  by  vary- 
ing jet  exit  boundary  conditions  and  the  global  density 
ratio.  The  exit  velocity  profile  and  turbulence  level  was 
changed  by  using  both  pipe  and  nozzle  flow  hardware. 
Initial  density  differences  were  imposed  by  using  three 
gases:  helium,  methane,  and  propane.  The  scalar  field 
(concentration)  in  the  momentum-dominated  regime  of 
the  far  field  (10  to  60  jet  exit  diameters  downstream) 
of  turbulent  free  jets  was  characterized  using  Rayleigh 
light  scattering  as  the  diagnostic.  The  results  show  that 
regardless  of  the  initial  conditions  axisymmetric  turbu- 
lent free  jets  decay  at  the  same  rate,  spread  at  the 
same  angle,  and  both  the  mean  and  r.m.s.  values  col- 
lapse in  a  form  consistent  with  full  self-preservation. 
The  means  and  fluctuations  follow  a  law  of  full  self- 
preservation  in  which  two  virtual  origins  must  be  speci- 
fied. 
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The  effect  of  vertical,  sinusoidal,  time-dependent  gravi- 
tational acceleration  on  the  onset  of  solutal  convection 
during  directional  solidification  is  analyzed  in  the  limit 
of  large  modulation  frequency  Omega.  When  the 
unmodulated  state  is  unstable,  the  modulation  ampli- 
tude required  to  stabilize  the  system  is  determined  by 
the  method  of  averaging,  and  is  O(Omega).  Compari- 
son of  the  results  from  the  averaged  equations  with  nu- 
merical solutions  of  the  full  linear  stability  equations 
(based  on  Floquet  theory)  show  that  the  difference  is 
0(Omega(Sup  1/2)).  When  the  unmodulated  state  is 
stable,  resonant  modes  of  instability  occur  at  large 
modulation  amplitude.  These  are  analyzed  using 
matched  asymptotic  expansions  to  elucidate  the 
boundary-layer  structure  for  both  the  Rayleigh-Benard 
and  directional  solidification  configurations. 
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Velocity  fields  for  Poiseuille  flow  through  tubes  having 
general  cross  sections  are  calculated  using  a  path  inte- 
gral method  involving  the  first-passage  times  of  ran- 
dom walks  in  the  interior  of  the  cross  sectional  domain 
of  the  pipe.  This  method  is  applied  to  a  number  of  ex- 
amples where  exact  results  are  available  and  to  more 
complicated  geometries  of  practical  interest.  These  ex- 
amples include  a  tube  with  'fractal'  cross  section  and 
open  channel  flows.  The  calculations  demonstrate  the 
feasibility  of  the  probabilistic  method  for  pipe  flow  and 
other  applications  having  an  equivalent  mathematical 
description  (e.g.,  torsional  rigidity  of  rods,  membrane 
deflection). 
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A  microsecond-resolution  capacitor  discharge  system 
was  used  to  heat  nickel  specimens  rapidly  to  tempera- 
tures several  hundred  degrees  above  the  melting 
point.  From  time-resolved  measurements  of  current, 
voltage,  and  radiance  temperature,  selected 
thermophysical  properties  of  nickel  at  its  melting  tem- 
perature and  in  the  liquid  state  were  determined.  The 
properties  measured  include  enthalpy  and  electrical  re- 
sistivity at  the  beginning  and  end  of  melting,  heat  of 
fusion,  and  enthalpy,  specific  heat  capacity,  and  elec- 
trical resistivity  in  the  liquid  phase  up  to  2000  K. 
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Results  are  presented  of  an  intercomparison  of  pres- 
sure measurements  between  the  National  Physical 
Laboratory  (NPL),  India,  and  the  National  Institute  of 
Standards  and  Technology  (NIST),  USA,  using  piston 
guage  pressure  standards  over  the  range  6  MPa  to  26 
MPa.  The  intercomparison,  using  the  NPL  piston 
gauge  pressure  standard,  with  a  normal  effective  area 
of  8.4  x  10(exp-5)  square  m.,  and  the  NIST  piston 
gauge  pressure  standard,  with  a  nominal  effective  area 
of  2.0  x  10(exp-5)  square  m.,  was  carried  out  at  the 
NPL.  The  intercomparison  data  obtained  show  a  rel- 
ative difference  of  1  x  10(exp-6)  in  the  zero-pressure 
effective  area  A(sub  0)  of  the  NPL  standard  as  ob- 
tained by  the  NIST  standard. 
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We  present  molecular  dynamics  results  for  the  exist- 
ence of  long-lived  clusters  near  the  glass  transition  in 
a  two  component,  two-dimensional  Lennard-Jones 
supercooled  liquid.  Several  properties  of  this  system 
are  similar  to  a  mean-field  glass-forming  liquid  near  the 
spinodal.  This  similarity  suggests  that  the  glass  'transi- 
tion' in  the  supercooled  liquid  is  associated  with  an  in- 
cipient thermodynamic  instability.  Our  results  also  sug- 
gest that  single  particle  properties  are  not  relevant  for 
characterizing  the  instability,  but  are  relevant  to  the  ki- 
netic transition  that  occurs  at  a  lower  temperature  than 
the  glass  transition. 
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For  certain  types  of  compliant  structures  the  designer 
must  consider  limit  states  associated  with  the  onset  of 
fluidelastic  instability.  For  a  wide  class  of  dynamical 
systems,  a  fundamental  connection  between  deter- 
ministic and  stochastic  chaos  allows  the  application  of 
this  condition  to  obtain  probabilities  that  chaotic  mo- 
tions with  jumps  cannot  occur  in  multistable  systems 
excited  by  processes  with  tail-limited  marginal  distribu- 
tions. 
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Solder  drops  spreading  on  metallic  substrates  are  a  re- 
active form  of  the  wetting  problem.  A  metallic  compo- 
nent may  diffuse  in  the  liquid  toward  a  metal  substrate, 
where  it  is  consumed  by  a  reaction  that  forms  a  solid 
intermetallic  phase.  The  resulting  spatial  variation  in 
the  composition  of  the  drop  may  cause  composition 
gradients  along  the  free  surface  of  the  drop.  Together 
with  any  thermal  gradients  along  the  free  surface. 
Marangoni  effects  may,  in  turn,  modify  the  bulk  trans- 
port in  the  spreading  drop.  Motivated  by  this  situation, 
we  extend  lubrication  theory  for  the  spreading  of  thin 
drops  in  the  presence  of  gravity  and  thermocapillarity 
to  include  mass  transport  and  equations  for  the  free 
surface  shape  and  concentration  field.  Numerical  solu- 
tions for  the  nonreactive  (single  component)  drop 
agree  well  with  previous  theory.  In  the  reactive  case, 
we  are  only  able  to  compute  results  for  parameters  out- 
side of  the  range  for  solder  materials.  Including  reac- 
tive effects  in  the  model  impacts  the  flow  patterns  and 
spreading  rates  at  relatively  early  times;  but  by  the  end 
of  the  spreading,  solutal  effects  have  died  out  in  the 
model. 
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Scientists  have  often  pondered  the  'unreasonable  ef- 
fectiveness' of  mathematics  in  describing  the  complex 
cooperative  phenomena  which  occur  at  many  scales 
in  our  physical  environment  -  processes  ranging  from 
subatomic  to  cosmic  dimensions.  The  success  of  ran- 
dom walk  models,  and  the  limit  theorems  associated 
with  these  walks,  in  describing  the  origin  of  various 
kinds  of  cooperative  phenomena  (phase  transitions, 
fluid  flow,..)  is  similarly  remarkable  and  we  can  expect 
the  perspective  and  tools  of  random  walk  theory  to 
offer  clues  into  the  microscopic  origin  of  large-scale 
regularities  in  the  natural  world  and  into  the  success 
of  hydrodynamic  mathematical  models  introduced  to 
describe  dynamic  and  equilibrium  cooperative  phe- 
nomena. 
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Many  semiconductor  processes  require  stable  and 
known  flows  of  gas  be  delivered  to  the  processing 
chamber.  Gas  types  and  flow  rates  are  process  de- 
pendent, but  it  is  clear  that  next-generation  processes 
will  require  flow  measurements  that  are  two  to  three 
decades  lower  than  current  requirements.  Specifically, 
the  Semi-Sematech-sponsored  Mass  Flow  Controller 
Working  Group  recently  identified  the  need  for  flow 
measurements  with  an  accuracy  of  1%  or  better  to  be 
extended  to  cover  the  range  7  x  10  to  the  minus  8th 
power  to  7  x  10  to  the  minue  5th  power  mol/s  (0.1  to 
100  seem,  standard  cubic  centimeters  per  minute).  At 
least  two  problems  must  be  overcome  if  this  goal  is 
to  be  attained.  Achieving  1%  accuracy  in  the  process 
chamber  will  require  reference  standards  with  an  accu- 
racy of  0.2%  or  better,  but  adequate  reference  stand- 
ards do  not  exist  over  this  range.  Further,  the  thermal 
mass  flow  controllers  (TMFCs)  used  to  measure  and 
control  the  process  gases  are  generally  calibrated  with 
nitrogen  and  'corrected'  for  other  gases,  but  the  correc- 
tion factors  are  not  well  understood  and  of  question- 
able reliability.  The  National  Institute  of  Standards  and 
Technology  (NIST)  is  addressing  both  of  these  prob- 
lems by  developing  new  flow  standards  and  by  inves- 
tigating the  performance  of  TMFCs.  This  paper  will 
present  data  on  the  performance  of  five  TMFCs,  from 
different  manufacturers,  with  full  scale  rangers  of  1.5 
x  10  to  the  minus  6th  power  mol/s  to  3.7  x  10  to  the 
minus  6th  power  mol/s  (2  to  5  seem). 
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The  authors  have  studied  the  effects  of  an  electric  field 
on  a  sample  of  SF6  fluid  in  the  vicinity  of  the  liquid- 
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vapor  critical  point.  The  authors  measured  the  iso- 
thermal increase  of  the  density  of  a  near-critical  sam- 
ple as  a  function  of  the  applied  electric  field.  In  agree- 
ment with  theory,  this  electrostriction  effect  diverges 
near  the  critical  point  as  the  isothermal  compressibility 
diverges.  Also  as  expected,  turning  on  the  electric  field 
in  the  presence  of  density  gradients  can  induce  flow 
within  the  fluid,  in  a  way  analogous  to  turning  on  grav- 
ity. These  effects  were  observed  in  a  microgravity  envi- 
ronment by  using  the  Critical  Point  Facility  which  flew 
onboard  the  Space  Shuttle  Columbia  in  July  1994  as 
part  of  the  Second  International  Microgravity  Labora- 
tory Mission.  Both  visual  and  interferometric  images  of 
two  separate  sample  cells  were  obtained  by  means  of 
video  downlink. 
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Constant  temperature  anemometers  and  resistance 
temperature  detectors  have  been  adapted  to  measure 
the  instantaneous  mass  flow  rates  and  tempeatures  in 
oscillating  gasflows  at  frequencies  up  to  30  Hz  and 
temperatures  down  to  70  K.  These  devices  were  used 
to  study  the  behavior  of  the  oscillating  working  fluid 
(helium)  in  a  regenerative  refrigerator  called  an  orifice 
pulse  tube  refrigerator  with  little  instrusion  in  the  sys- 
tem. The  probes  have  proved  to  be  very  robust  with 
no  probe  breakage  even  under  the  severe  operating 
conditions  imposed  by  the  oscillating  mass  flow.  Cali- 
bration procedures  are  presented  for  correcting  the  an- 
emometer output  associated  with  the  oscillating  tem- 
peratures and  pressures  in  such  systems.  Under  these 
conditions  the  sensors  appear  to  have  an  uncertainty 
of  less  than  1.6%.  Typical  results  obtained  with  these 
sensors  are  presented  in  this  paper.  These  sensors 
could  be  used  in  many  other  applications  for  studies 
of  oscillating  systems  where  instantaneous  mass  flow 
rates  and  temperatures  are  required. 
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An  algorithm  for  the  tomographic  reconstruction  of  the 
individual  moments  of  the  probability  density  functions 
describing  the  local  transmittance  of  radiation  through 
a  turbulent  flow  field  is  advanced.  The  new  method, 
which  is  based  on  Fourier  inversion,  is  applicable  to 
asymmetric  (as  well  as,  to  axiymmetric)  flows.  The  va- 
lidity of  the  method  is  examined  by  comparing  recon- 
structed moments  of  the  local  probability  functions  in 
a  buoyant  propene/air  flame  and  an  ethene/air  jet 
flame  to  the  corresponding  values  obtained  from  opti- 
cal probe  measurements. 
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Double  Helmholtz  acoustic  resonators,  first  proposed 
by  Greenspan  for  measuring  the  viscosity  of  gases, 
were  tested  with  helium,  argon,  and  propane.  Two  dif- 
ferent resonators  were  tested  extensively  with  all  three 
gases.  For  each  of  these  instruments,  the  results  for 
the  viscosities  of  the  three  gases  were  consistent  with- 
in plus  or  minus  5%  at  pressures  spanning  the  range 
25-1000  kPa.  Without  calibration,  the  viscosities  de- 
duced from  one  viscometer  were  systematically  1% 
larger  than  data  from  the  literature;  the  viscositites  from 
the  second  viscometer  were  systematically  3%  larger 
than  data  from  the  literature.  If  the  systematic  dif- 
ferences were  removed  for  each  viscometer  by  calibra- 
tion with  a  single  gas  at  a  single  temperature  and  pres- 
sure, then  nearly  all  the  results  for  both  instruments 
would  have  fallen  within  plus  or  minus  0.5%  of  the  data 
from  the  literature.  In  these  viscometers,  the  gases  are 
in  contact  with  robust  metal  parts  only;  thus,  these  in- 
struments are  applicable  to  a  very  wide  variety  of 
gases  over  a  very  wide  range  of  temperatures. 
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Just  above  the  liquid-vapor  critical  point,  a  fluid's  large 
compressibility  causes  a  stable  stratification  in  which 
the  density  varied  by  as  much  as  10%  in  1  cm.  This 
stratification  supports  internal  gravity  waves  which  the 
authors  observe  with  an  oscillator  immersed  in  a  near- 
critical  xenon  sample.  The  authors  found  the  number 
and  frequencies  of  the  observable  modes  depended 
on  the  sample  cell's  orientation,  with  only  two  modes 
seen  in  the  horizontal  cell.  The  frequencies  of  the  two 
modes  had  different  temperature  dependences:  with 
decreasing  temperature,  the  higher  frequency  in- 
creased monotonically  from  0.7  to  2.8  Hz,  but  the  lower 
frequency  varied  nonmonotonically,  with  a  maximum 
of  1.0  Hz  at  20  mK  above  the  critical  temperature. 
These  temperature  dependences  continued  to  20  mK 
below  the  critical  temperature,  where  the  xenon  was 
separated  into  liquid  and  vapor  phases.  The  authors 
calculated  these  two  frequencies  by  solving  the 
eigenvalue  problem  of  internal  waves  in  a  box  contain- 
ing a  stratified  fluid.  The  fluid's  density  profile  was  ob- 
tained from  xenon's  equation  of  state.  The  calculated 
and  measured  frequencies  agree  to  within  15%.  Ana- 
lytical calculations  based  on  simple  approximations  of 
the  density  profile  provide  insight  into  the  observed 
temperature  dependences. 
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The  Radiometric  Physics  Division  of  the  NIST  is  re- 
sponsible for  the  national  standards  in  radiation  ther- 
mometry, spectroradiometry,  photometry,  and 
spectrophotometry;  dissemination  of  these  standards 
by  providing  measurement  services  to  customers  re- 
quiring calibrations  of  the  highest  accuracy;  and  con- 
ducting fundamental  and  applied  research  to  develop 
the  scientific  basis  for  future  measurement  services.  Its 


relevance  to  EOS/TIR  calibration  includes  calibrating 
unknown  blackbody  for  radiance  using  a  well-charac- 
terized NIST  blackbody  source  by  matching  the  radiant 
fluxes  with  an  IR  radiometer.  The  TIR  Round  Robin  is 
used  to  verify  the  calibration  of  the  sources  that  are 
used  for  the  absolute  radiometric  calibration  of  the  indi- 
vidual EOS  sensors. 
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The  authors  have  set  up  a  novel  direct  detection  sys- 
tem to  measure  filter  transmittances  over  an  attenu- 
ation range  of  at  least  5  decades,  with  relative  com- 
bined standard  uncertainties  as  low  as  0.5%  (1  sigma) 
per  decade,  in  the  9  micrometer  to  11  micrometer 
spectral  region.  This  system,  using  an  apparatus  origi- 
nally designed  for  a  heterodyne  measurement  of  trans- 
mittance, achieves  higher  accuracy  at  the  expense  of 
a  reduced  dynamic  range.  The  high  modulation  fre- 
quency and  narrow  bandwidth  of  the  system  allow  ther- 
mal background  radiation  to  be  suppressed  and  high 
accuracy  to  be  achieved.  The  authors  correct  for  the 
non-ideal  natures  of  the  detector  and  attenuators.  In 
particular,  the  detector  position  is  scanned  to  reduce 
the  effect  of  its  spatial  nonuniformity  and  the  deflection 
of  the  transmitted  beam  caused  by  the  nonparallel  sur- 
faces of  the  filter.  The  authors  discuss  the  sources  of 
systematic  errors  and  the  methodology  to  reduce  their 
contribution. 
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Smoke  agglomerates  are  made  of  many  soot  spheres, 
and  their  light  scattering  response  is  of  interest  in  fire 
research.  The  numerical  techniques  chiefly  used  for 
theoretical  scattering  studies  are  the  method  of  mo- 
ments and  the  coupled  dipole  moment.  The  two  meth- 
ods have  been  obtained  in  this  tutorial  paper  directly 
from  the  monochromatic  Maxwell  curl  equations  and 
shown  to  be  equivalent.  The  effects  of  the  finite  size 
of  the  primary  spheres  have  been  numerically  delin- 
eated. 
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The  spectrum  of  the  kryptonlike  ion  Nb  VI  was  ob- 
served from  325  to  2.700  A  with  sliding-spark  dis- 
charges on  10.7-m  normal-incidence  and  grazing-inci- 
dence  spectrographs.  Experimental  energies  were  de- 
termined for  all  levels  of  the  4s(2)4p(6),  4s(2)4p(5)4d, 
4f,  5s,  5p,  5d,  5g,  6s,  and  4s4p(6)4d  configurations  as 
well  as  for  some  levels  of  the  4s(2)4p(5)6g  and  6h  con- 
figurations. A  total  of  303  lines  are  now  classified  as 
transitions  between  99  observed  levels.  Large 
hyperfine  splittings  were  found  for  several  levels  of  the 
4p(5)5s  and  5p  configurations.  The  observed  configu- 
rations were  theoretically  interpreted  by  means  of 
Hartree-Fock  calculations  and  least-squares  fits  of  the 
energy  parameters  to  the  observed  levels.  An  im- 
proved value  of  the  ionization  energy  was  determined 
from  the  4p(5)5g,  6g,  and  6h  configurations. 
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The  Council  for  Optical  Radiation  Measurements 
(CORM)  issued  its  Fifth  Report  in  September  1989. 
Some  of  the  concerns  addressed  in  the  CORM  report 
required  a  response  from  NIST  measurements  serv- 
ices. Herein  is  documented  NIST's  endeavors  to  assist 
the  optical  radiation  measurement  community  by  act- 
ing on  some  of  the  CORM  requests. 
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The  Radiometric  Physics  Division  is  the  primary  unit 
within  NIST  for  carrying  out  the  basic  mission  of  pro- 
moting accurate  and  useful  optical  radiation  measure- 
ments in  the  ultraviolet,  visible,  and  infrared  regions. 
This  brochure  describes  the  programs  and  projects 
that  comprise  the  work  represented  by  this  division. 
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A  program  exists  at  NIST  to  calibrate  radiometric 
sources  for  the  spectral  range  from  1 1 8-350  nm.  These 
include  deuterium  lamps,  hollow-cathode  lamps,  RF- 
excited  dimer  lamps,  and  wall-stabilized  argon  arcs. 
Sources  have  been  calibrated  for  and  used  by  re- 
searchers in  solar  physics,  astrophysics,  atmospheric 
physics  (ozone  measurements),  magnetically  con- 
trolled fusion,  and  photobiology.  The  argon  arcs  were 
developed  in  our  laboratory,  and  provide  intense 
sources  of  both  radiance  and  irradiance.  Calibrations 
are  performed  relative  to  two  primary  sources,  a  wall- 
stabilized  hydrogen  arc  and  a  1 2,000  K  black-body  line 
arc,  both  developed  in  our  laboratory.  Also  we  recently 
have  begun  periodic  calibrations  on  the  NIST  storage 
ring,  SURF  II,  to  ensure  consistency  between  our  re- 
spective radiometric  bases.  Various  sources  have 
been  calibrated  for  space  applications,  including  sev- 
eral which  are  flyable.  Also,  some  development  and 
testing  of  radiometers  for  semiconductor  lithography 
were  recently  carried  out  with  an  intense  argon  arc 
source. 


04,230 

PB94-199163       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (PL), 

Gaithersburg,  MD.  Radiometric  Physics  Div. 

Overview  of  Radiometric  Program  of  the  NIST 

Thermal  Imaging  Laboratory. 

Final  rept. 

R.  J.  Bruening.  1991,  11  p. 

Pub.  in  Proceedings  of  MICOM  Logistics  Research 
and  Development  Workshop  (2nd),  Huntsville,  AL.,  Au- 
gust 27-28,  1991,  p503-513.  Sponsored  by  Naval  War- 
fare Assessment  Center/Metrology  Engineering  Cen- 
ter, Corona,  CA. 

Keywords:  "Radiometry,  Infrared  radiometers,  Infrared 
detectors,  Infrared  cameras,  Temperature  range  0273- 
0400  K,  Blackbody  radiation,  Heat  pipes,  Calibration, 
Reprints,  Thermal  Imaging  Laboratory,  US  NIST. 

Radiometric  calibrations  performed  in  the  NIST  Ther- 
mal Imaging  Laboratory  now  support  infrared  detecting 
devices  that  operate  in  the  temperature  range  of  0  to 
100  C,  including  devices  that  produce  pictures  of  ambi- 
ent temperature  scenes.  The  laboratory  provides  char- 
acterization of  the  temperature  and  temperature-dif- 
ferences of  infrared  blackbody  sources,  and  character- 
ization of  radiometers.  Research  into  the  quantitative 
performance  of  infrared  cameras,  and  use  of  higher 
temperature  calibrated  heat  pipe  sources  (to  1000  C) 
is  planned. 
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The  Digest  contains  the  manuscripts  of  50  papers,  10 
invited  and  40  contributed,  presented  at  the  eighth 
Symposium  on  Optical  Fiber  Measurements,  Septem- 
ber 1 3-1 5,  1 994  in  Boulder,  Colorado.  The  most  signifi- 


cant theme  of  the  symposium  is  the  present  impor- 
tance of  polarization  measurements.  More  than  20% 
of  the  papers  are  concerned  either  with  polarization 
measurements,  especially  polarization  mode  disper- 
sion and  polarization  dependent  loss,  or  the  character- 
ization of  fibers  and  components  with  special  polariza- 
tion properties.  Optical  time-domain  reflectometry 
(OTDR)  measurements  are  another  important  theme, 
as  they  have  been  since  the  first  Symposium  in  1980, 
and  the  characterization  of  optical  fiber  amplifiers  con- 
tinues to  be  important.  Nonlinear  processes  in  fiber 
seem  to  be  a  growing  interest.  Approximately  two 
thirds  of  the  papers  come  from  outside  of  the  United 
States,  up  from  about  half  at  the  seventh  Symposium. 
Ten  countries  are  represented  in  the  program. 
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Details  will  be  given  about  the  recently  completed  facil- 
ity for  the  calibration  of  infrared  sources  in  a  low  back- 
ground environment.  The  basic  components  of  the  fa- 
cility are  a  large  (60  cm  diameter  by  1 52  cm  long)  stain- 
less steel  vacuum  chamber  housed  in  a  soft-wall 
cleanroom.  A  low  background  environment  inside  the 
chamber  is  achieved  by  cooling  internal  cryoshields  to 
temperatures  less  than  20  K  using  a  closed  cycle  he- 
lium refrigerator.  Sources  of  up  to  30  cm  square  can 
be  inserted  into  the  chamber  for  calibration.  Total  radi- 
ant power  from  the  blackbodies  is  measured  with  an 
Absolute  Cryogenic  Radiometer.  Plans  will  be  dis- 
cussed for  future  enhancement  of  the  system  allowing 
for  measurement  of  spectral  and  angular  distribution 
of  the  emitted  radiation  and  possible  experiments 
which  could  utilize  the  full  capabilities  of  this  system. 
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A  comparison  of  the  regular  spectral  transmittance 
scales  of  the  National  Institute  of  Standards  and  Tech- 
nology (USA),  Institut  National  de  Metrologie  (France), 
National  Research  Council  (Canada),  and  All-Union 
Research  Institute  for  Optical  and  Physical  Measure- 
ments (CIS)  was  accomplished  using  neutral  glass  fil- 
ters with  transmittances  ranging  from  approximately 
0.92  to  0.001.  Storing  the  filters  for  almost  four  years 
produced  no  conclusive  evidence  of  improvement  over 
a  previous  interchange  between  NIST  and  three  dif- 
ferent national  standardizing  laboratories  when  the  fil- 
ters were  stored  for  only  30  days.  The  agreement 
ranges  from  0.01%  to  0.3%  depending  on  the  labora- 
tory and  the  filter  used.  This  interchange  is  part  of  an 
ongoing  effort  to  obtain  international  standardization. 
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A  secondary  standard  silicon  photodiode  matched  with 
a  V-lambda  filter  was  calibrated  against  primary  stand- 
ard, self -calibrated  inversion  layer  silicon  photodiodes, 
to  achieve  a  high  accuracy  photometer,  according  to 
the  new  definition  of  the  candela  (the  photometric  base 
unit).  The  measured  several  percent/year  specular 
spectral  reflectance  change  of  the  windowless  primary 
standard  photodiodes  was  eliminated  by  their  repeated 
self-calibration.  This  self-calibration  also  eliminated  the 
measured  several  tenth  of  a  percent/year  spectral  re- 
sponse change  of  the  secondary  standard  silicon 
photodiode.  The  secondary  standard  detector  could  be 
a  nonunity  quantum  efficiency  light  detector.  The  spec- 
tral response  calibration  of  the  V-lambda  matched  de- 
tector of  medium  spectral  mismatch  against  the  abso- 
lute spectral  responses  of  three  self-calibrated 
photodiodes  resulted  in  a  standard  deviation  of  0.17% 
in  luminous  flux  (lumen)  calibration.  Also  illuminance 
(lux)  and  light  intensity  (candela)  calibrations  were  de- 
rived from  the  above  primary  photometric  calibration. 
It  is  shown  that  the  V-lambda  matched  photometer  with 
the  above  spectral  calibration  can  be  used  for  accurate 
photometric  measurements  for  all  kinds  of  light 
sources  of  known  spectral  power  distribution. 
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Even  if  we  propose  using  general,  widely-tunable  la- 
sers for  our  ultra-resolution  dream  spectroscopy,  we 
show  that  the  S/N  available  from  a  cavity  locking 
scheme  is  adequate  to  define  sub-milliHertz  laser 
linewidths.  We  prove  that  present  Exlernal  Stabilizer 
servo  technology  is  adequate  to  track  an  error  signal 
precisely  enough  that  97%  of  the  emitted  power  lies 
within  the  narrow  spectral  feature  defined  by  phase- 
or  cavity-locking.  Cavity  stability  of  +  or  -  5  kHz  for  sev- 
eral weeks  is  documented,  and  efforts  to  eliminate  the 
influence  of  laboratory  vibrations  are  described.  The 
paper  concludes  with  a  dream:  application  of  these  la- 
sers to  two  delicious  laser-cooled  species,  Ag  and  Ca. 
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We  report  the  measurement  of  group  index  and  disper- 
sion in  an  erbium-doped  fiber  amplifier  by  Fourier 
transformation  of  low-coherence  interferograms.  In  a 
germania-codoped  fiber  whose  background  dispersion 
was  -14  ps/(km  nm),  we  measured  resonant  gain-in- 
duced changes  as  high  as  9  and  -12  ps/(km  nm)  near 
1 .536  micrometers.  The  interferometric  measurements 
agree  with  calculations  based  on  a  Kramers-Kronig 
transformation  of  absorption  and  emission  spectra. 
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A  free-electron  laser  (FEL)  facility  is  being  constructed 
at  the  National  Institute  of  Standards  and  Technology 
(NIST)  in  collaboration  with  the  Naval  Research  Lab- 
oratory (NRL).  The  FEL  will  be  driven  by  the  electron 
beam  from  the  NIST  racetrack  microtron  (RTM).  The 
anticipated  performance  of  the  FEL  is  given.  Initial  op- 
eration of  the  FEL  is  scheduled  for  1991.  The  NIST- 
NRL  FEL  will  provide  a  powerful,  tunable  light  source 
for  research  in  biomedicine,  materials  science,  phys- 
ics, and  chemistry. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  and  the  Naval  Research  Laboratory  (NRL)  free 
electron  laser  (FEL)  will  use  a  3.64-m  hybrid  undulator 
that  is  being  constructed  at  Brobeck  Division  of  Max- 
well Laboratories.  The  undulator  has  a  period  of  2.8 
cm,  a  variable  gap  with  a  1.0-cm  minimum,  a  peak 
magnetic  field  of  0.54  T,  and  a  total  number  of  periods 
of  130.  The  magnetic  design  uses  SmCo  permanent 
magnets  and  vanadium  permendur  pole  pieces.  Provi- 
sion has  been  made  to  operate  the  undulator  at  half 
its  length  to  enhance  lasing  at  longer  wavelengths.  Re- 
mote control  of  gap  and  taper  will  permit  on-line  tuning 
of  the  wavelength.  Vacuum  chambers  for  both  full  and 
half  length  operation  are  available.  The  oval  aperture 
of  the  vacuum  chambers  is  0.86  cm  by  1 .6  cm.  A  sys- 
tem to  measure  the  magnetic  field  along  the  undulator 
is  included  in  the  structure.  A  full-scale,  one-period 
model  of  the  magnetic  design  has  been  tested  and  the 
results  exceed  specifications.  The  mechanical  struc- 
ture of  the  undulator  is  nearly  complete  as  is  the  control 
system.  Construction  of  the  magnet  assemblies  is  un- 
derway. 
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We  present  the  results  of  a  round  robin  in  which  six 
U.S.  manufacturers  of  beam  analysis  instruments  par- 
ticipated. Following  a  procedure  recommended  by  the 
International  Organization  for  Standardization  (ISO), 
participants  used  a  camera,  pinhole,  slit,  or  knife-edge 
to  determine  several  parameters  characterizing  the 
beam  of  a  common  laser  source.  Their  results  and  ours 
are  displayed  graphically  and  analyzed  statistically. 
Agreement  on  beam  width  measurements  is  in  a  range 
around  five  percent  relative  standard  deviation  while 
significantly  less  agreement  exists  for  other  quantities 
calculated  within  the  ISO  procedure. 
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We  demonstrate  the  need  for  measuring  laser  beam 
parameters  such  as  diameter,  divergence  and  propa- 
gation constant.  These  terms  are  defined  and  methods 
for  their  measurement  are  described.  We  make  the 
point  that  assumption  of  ideal  beam  properties  can  re- 
sult in  degraded  optical  performance. 
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Traditional  refractometry  of  bulk  transmissive  optical 
materials  is  usually  restricted  to  the  lossless  case 
where  the  material  can  be  completely  characterized  by 
a  real  index  of  refraction.  This  paper  is  concerned  with 
the  measurement  of  both  the  real  and  the  imagiriry 
parts  of  the  index  of  refraction  (i.e.,  including  any  kss) 
using  a  single  prism-shaped  specimen  of  homo- 
geneous material.  The  normal-incidence  configuration 
is  analyzed  and  discussed  in  this  paper  because  of  its 
mathematical  simplicity  compared  to  the  minimum-de- 
viation configuration.  The  measurement  of  the  imagi- 
nary part  of  the  index  of  refraction  (i.e.  loss)  is  practical 
when  the  longest  and  shortest  optical  paths  through 
the  prism  differ  by  an  absorption  length  or  more.  The 
measurement  of  the  real  part  of  the  index  can  ignore 
loss  and  still  be  accurate  to  better  than  one  part  per 
million  if  the  power  absorption  length  in  the  prism  mate- 
rial is  longer  than  60  wavelengths  in  that  material.  An 
equation  to  determine  the  real  part  of  the  index  of  re- 
fraction is  given  when  the  loss  must  be  taken  into  con- 
sideration. 
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The  application  of  angle-resolved  light  scattering 
(ARLS)  to  the  measurement  of  the  surface  roughness 
of  coatings  on  glossy  paper  was  investigated.  To  this 
end,  ARLS  patterns  were  measured  for  laser  light  scat- 
tered from  several  glossy  paper  samples,  and  these 
experimental  patterns  were  compared  to  those  cal- 
culated using  a  theoretical  model  based  on  plane-wave 
scattering  from  an  isotropic,  two-dimensional,  rough 
surface.  The  calculated  patterns  were  computed  using, 
as  input,  mechanical  stylus  data  for  the  rms 
roughnesses  and  the  autocorrelation  lengths  of  the 
coatings.  For  all  of  the  paper  samples  measured,  as 
well  as  for  all  of  the  incidence  angles  used,  there  was 
very  good  agreement  between  the  experimental  and 
the  calculated  patterns,  indicating  that  ARLS  may  be 
used  to  determine  the  coating  roughness  parameters. 
As  a  check  on  these  results,  measurements  were  also 
made  with  a  commercial  optical  surface  probe;  these 
data  compared  favorably  with  both  the  ARLS  and  the 
stylus  results. 
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The  surface  roughness  and  correlation  length  are  de- 
termined from  measurements  of  scattered  light  by  fit- 
ting the  data  of  the  spectrum  calculated  for  a  random 
rough  surface.  The  results  are  compared  to  values  de- 
termined from  stylus  measurements. 
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The  relationship  between  the  height  autocorrelation 
function  of  a  one-dimensionally  rough  surface  and  the 
Fourier  transform  of  the  intensity  distribution  of  the  light 
scattered  by  that  surface  is  tested  experimentally.  The 
theory  is  derived  by  using  the  Fraunhofer  approxima- 
tion, without  recourse  to  the  inconsistent  Kirchhoff 
boundary  conditions.  In  spite  of  the  limitations  imposed 
by  the  approximations  used,  the  results  obtained  from 
optical  data  agree  well  with  those  obtained  from  stylus 
data,  even  for  an  autocorrelation  length  as  small  as  the 
optical  wavelength.  However,  this  method  should  be 
limited  to  surfaces  with  rms  roughness  smaller  than  ap- 
proximately 0.14  times  the  wavelength  of  light. 
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Angle-resolved  light  scattering  (ARLS)  was  used  to  in- 
vestigate the  roughness  of  coatings  on  glossy  paper. 
The  angular  spectra  were  measured  for  laser  light 
scattered  from  several  glossy  paper  samples,  and 
these  spectra  were  compared  to  those  calculated 
using  the  Beckman  model  of  a  surface  that  is  isotropic, 
random,  and  rough  in  two  dimensions.  A  surface  was 
characterized  by  its  rms  roughness  and  autocorrelation 
function,  which  were  determined  from  surface  profiles 
measured  with  a  stylus  instrument.  There  was  very 
good  agreement  between  the  measured  and  the  com- 
puted spectra.  The  surfaces  are  too  rough  to  produce 
a  specular  beam  and  we  cannot  get  an  accurate  value 
of  the  rms  roughness  from  the  angular  spectrum,  but 
ARLS  provides  information  about  the  coating  rough- 
ness when  the  measured  spectra  are  compared  to 
computed  ones. 
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In  a  recent  paper  in  the  Journal  of  Research  of  the  Na- 
tional Institute  of  Standards  and  Technology,  K.  D. 
Mielenz  has  criticized  the  generally  accepted  interpre- 
tation of  a  phenomenon  discovered  a  few  years  ago, 
regarding  frequency  shifts  of  spectral  lines  due  to  co- 
herence properties  of  sources.  In  these  comments  the 
authors  show  that  much  of  the  criticism  is  invalid. 
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The  authors  addressed  the  following  comments:  (1) 
Does  the  spectrum  of  partially  coherent  light  change 
on  propagation  in  free  space.  (2)  Do  the  theory  of  par- 
tial coherence  and  the  classical  Huyghens-Fresnel- 
Kirchhoff  diffraction  theory  give  different  results  in  situ- 
ations that  involve  incoherent  physical  sources.  Which 
of  them  should  be  applied  for  solutions  of  practical 
problems.  (3)  Are  traditional  radiometric  practices  af- 
flicted by  previously  unknown  errors  due  to  the  partial 
coherence  of  light. 
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A  photolytic,  repetitively  pulsed  Br(4  doublet  P(1/2)  - 
4  doublet  P(3/2))  laser  at  2.714  micrometers  is  dem- 
onstrated by  photodissociation  of  IBr  at  532  nm  using 
a  frequency-doubled  Nd:YAG  pump  laser.  Pulse  ener- 
gies of  3  mJ  at  10  Hz  are  achieved,  resulting  in  a  maxi- 
mum pump  energy  conversion  efficiency  of  1.5%.  The 
authors  also  demonstrate  lasing  on  ro-vibrational  tran- 
sitions of  C02  at  4.3  micrometers  and  HCN  at  3.9  mi- 
crometers by  electronic-to-vibrational  transfer  from 
photolytically  generated  Br(star). 
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A  method  of  calculating  the  complex  propagation  con- 
stant of  a  planar  optical  waveguide  under  very  general 
but  weakly  guiding  conditions  is  derived.  The  method, 
based  on  Galerkin's  formalism  using  Hermite- 
Gaussian  basis  functions,  allows  a  nonuniform  and 
complex  refractive  index  profile.  The  real  and  imagi- 
nary parts  of  the  index  are  allowed  to  vary  independ- 
ently and  arbitrarily  as  a  function  of  position.  The 
planar  waveguide  is  used  so  the  results  can  be  com- 


pared with  exact  solutions.  The  method  is  more  gen- 
eral than  this,  however,  and  can  be  used  with  any  ge- 
ometry. The  results  are  inherently  stationary. 
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The  ability  to  integrate  the  Laguerre-Gauss  functions 
in  closed  form  is  exploited  to  allow  a  simple  but  accu- 
rate evaluation  of  single-mode  fiber  spot  size  using 
Galerkin's  method.  The  method  avoids  the  need  for  nu- 
merical integration  in  a  broad  class  of  refractive-index 
profiles.  Its  simplicity  depends  on  the  use  of  a  pattern- 
matching  algorithm  to  avoid  the  numerical  integration 
normally  called  for.  The  algorithm  is  very  fast  and  gives 
exact  results.  The  development  of  symbolic  computer 
languages  makes  this  approach  especially  easy.  We 
used  a  symbolic  program  to  predict  the  spot  size  and 
the  far-field  radiation  pattern  and  compared  the  results 
with  the  exact  values,  getting  excellent  results. 
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We  give  a  review  and  a  comparison  of  recent  methods 
of  analyzing  circular  and  noncircular  optical 
waveguides.  Comparison  among  competing  meth- 
odologies is  made  as  follows:  Galerkin's  method  is 
used  with  Laguerre-Gauss  basis  functions  in  circular 
geometry  to  examine  the  modal  solution  in  a  step  index 
fiber,  and  comparison  with  the  exact  solution  is  made. 
A  W-fiber,  which  has  no  exact  solution,  is  then  exam- 
ined. Rectangular  geometry  is  considered,  and  discus- 
sion centers  on  the  use  of  Galerkin's  method  using  trig- 
onometric basis  functions  and  Hermite-Gauss  basis 
functions.  The  difficulty  arising  from  the  use  of  basis 
functions  that  do  not  decay  exponentially  for  large  ar- 
gument (trigonometric  functions)  is  illustrated.  Finally, 
a  square  step  index  waveguide  is  used  to  illustrate  a 
comparison  between  a  variational  method  that  uses 
the  Gaussian  approximation  as  the  starting  point,  and 
Galerkin's  method  using  Hermite-Gauss  basis  func- 
tions. We  conclude  that  the  variational  method  does 
well  in  predicting  the  propagation  constant  beta  but 
does  not  do  well  in  predicting  the  modal  field. 
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Spectroscopy  of  the  rubidium  5P(3/2)  -->  4D(5/2)  tran- 
sition near  1.529  micrometers  has  been  performed 
using  a  single-longitudinal-mode  erbium-doped  fiber 
laser.  Rubidium  atoms  were  laser-cooled  and  confined 
in  a  vapor-cell  Zeeman  optical  trap.  This  produced  a 
dense  sample  of  cold  atoms  and  reduced  the  Doppler 
broadening  of  the  transition  to  less  than  the  natural 
linewidth.  Transition  linewidths  of  10  MHz  were  ob- 
served on  the  5P(3/2)  -->  4D(5/2)  transition  and  the 
fiber  laser  was  actively  stabilized  to  the  5P(3/2),  F  = 
3  -->  4D(5/2).  F  =  3  line  of  (87)Rb. 
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In  this  article,  we  describe  laser  trapping  techniques 
and  discuss  current  applications  of  this  technology, 
ranging  from  frequency  and  wavelength  standards  to 
basic  physics  research. 
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We  consider  an  approximate  solution  to  the  wave 
equation  appropriate  to  the  optical  waveguides  en- 
countered in  practice.  The  refractive-index  profile  may 
be  arbitrary,  and  the  geometry  may  be  two  or  three  di- 
mensional. A  circular  or  a  planar  waveguide  could  thus 
be  treated  by  this  method.  The  technique  is  more  accu- 
rate and  more  useful  than  the  WKB  method,  which  is 
often  used  in  problems  of  this  type,  because  the  tech- 
nique is  valid  even  at  the  turning  points,  where  the 
WKB  solution  fails.  The  fields  and  the  propagation  con- 
straints of  the  lowest-order  modes  for  two  profiles  are 
calculated,  and  they  compare  well  with  the  exact  solu- 
tions. The  solutions  that  we  proposed  are,  in  fact,  not 
new.  However,  insofar  as  we  know,  they  are  unknown 
and  unused  by  the  optics  community. 
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The  authors  have  investigated  two  techniques  for  mak- 
ing sub-Doppler  frequency  measurements  with  the  CO 
overtone  laser.  They  studied  three  OCS  transitions 
whose  frequencies  overlap  either  directly  with  CO 
(Delta)v=2  overtone  transition  frequencies  or  with  the 
overtone  lines  after  they  have  been  shifted  by  an 
acousto-optic  modulator.  The  authors  have  inves- 
tigated both  conventional  saturated-absorption  and  an 
optical  heterodyne  polarization.  While  they  eventually 
used  the  latter  technique  for  their  measurements,  it  is 
too  cumbersome  to  use  as  a  conventional  laser  sta- 
bilization tool.  Saturation  absorption  is  considerably 


simpler  and  has  potential  for  a  more  accurate  meas- 
urement, if  some  technical  problems  are  overcome. 
This  becomes  more  important  in  the  light  of  a  potential 
use  of  the  CO  (Delta)v=2P(sub  26)(9)  transition  in  a 
new  frequency  chain.  This  transition  was  used  for  the 
OCS  P(27)  10(sup  0)1-00(sup  0)0  measurement.  Po- 
larization spectroscopic  techniques  with  optical  hetero- 
dyne detection  were  used  to  observe  the  features  and 
then  to  provide  the  discriminant  for  locking  the  over- 
tone laser  to  the  OCS  transitions.  A  C02  laser  syn- 
thesizer was  used  for  the  frequency  measurement 
basis. 
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Mode-locked  erbium  fiber  lasers  (MLEFLs)  are  a  com- 
pact source  of  short  optical  pulses  around  1540  nm. 
NIST  has  developed  an  'all'  fiber  design  consisting  of 
commercially  available  pigtailed  components.  Soliton 
pulse  shaping  helps  produce  sub-picosecond  pulses. 
Characterization  of  high-speed  detectors  and  fast  opti- 
cal waveforms  has  been  realized  using  MLEFLs  as  a 
sampling  pulse  source. 
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Er-doped  LiNb03  channel  waveguides  produce  effi- 
cient upconversion  luminescence  from  two  bands  cen- 
tered at  520  nm  and  550  nm  due  to  radiative  decay 
from  the  doublet  H(1 1/2)  and  quartet  S(3/2)  levels,  re- 
spectively. The  doping  density  of  the  rare  earth  was 
approximately  10(exp  19)/cu  cm.  Pumping  experi- 
ments were  performed  near  800  nm  and  again  near 
970  nm  with  a  cw  Ti:sapphire  laser.  The  excitation 
paths  are  given.  The  integrated  luminescence  effi- 
ciency, defined  as  the  total  visible  output  (guided  and 
unguided)  divided  by  the  absorbed  pump  power  in  the 
waveguide,  was  approximately  1%.  Laser  action  in  the 
visible  due  to  a  single-wavelength  pump  appears  to  be 
prevented  by  parasitic  nonradiative  decay  from  the  in- 
termediate levels. 
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A  Y-branch  channel  waveguide  laser  whose  branch 
segments  were  mismatched  in  length  by  2.4%  was  fab- 
ricated by  electric-field-assisted  ion  exchange  in  Nd- 
doped,  mixed  alkali-silicate  glass.  The  laser  output 
wavelength  was  centered  at  1057.3  nm,  and  the 
linewidth  was  0.4  nm  FWHM.  Our  similarly  fabricated 
single-channel  Fabry-Perot  lasers  and  balanced  Y- 


branch  lasers  display  linewidths  of  3-4  nm.  Pumping 
was  performed  with  a  cw  Ti:sapphire  laser  operating 
at  785  nm.  The  imbalanced  Y-branch  laser  reached 
threshold  with  an  absorbed  pump  power  of  48  mW 
when  a  2%  transmitting  output  coupler  was  used.  The 
slope  efficiency  was  2%.  An  extended  cavity  was  used 
to  imbalance  the  arms  in  a  second  laser  by  a  ratio  of 
2.8:1.  This  device  displayed  a  linewidth  of  approxi- 
mately 3.7  GHz  FWHM.  The  linewidth  narrowing  of 
these  coupled-cavity  lasers  is  analogous  to  that  seen 
in  a  Michelson  laser. 
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Waveguide  lasers  operating  near  1092  and  1076  nm 
were  fabricated  in  Z-cut  Nd-Ti  codiffused  LiTa03.  The 
Nd  diffusion  was  at  1400  C  for  120  h.  Samples  from 
two  wafers  were  examined.  The  Nd  film  starting  thick- 
ness was  7  nm  in  wafer  1  and  15  nm  in  wafer  2.  Ti 
stripes,  8-15  micrometers  wide,  were  diffused  at  1500 
C  for  4  h  for  wafer  1  (130-nm  stripe  thickness)  and  2 
h  for  wafer  2  (100-nm  stripe  thickness).  Pumping  was 
at  750  nm.  Threshold  occurred  at  330  mW  of  absorbed 
pump  power  for  the  best  waveguides  from  wafer  1  and 
100  mW  for  the  best  waveguides  from  wafer  2.  The 
slope  efficiency  of  the  latter  was  0.07%. 
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We  have  calculated  the  high-order  AC  Stark  effect  for 
the  ground  state  of  atomic  hydrogen  by  applying 
Rayleigh-Schrodinger  perturbation  theory  to  a  com- 
plex-rotated Hamiltonian.  We  present  results  for  the 
level  shift  and  multiphoton  ionization  rate,  which  in- 
clude effects  of  above-threshold  ionization. 
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A  method  is  proposed  for  realizing  the  total  flux  scale 
of  light  sources  by  use  of  an  integrating  sphere  with 
an  opening  to  introduce  a  known  amount  of  flux  from 
a  luminous  intensity  standard  or  a  spectral  irradiance 
standard  lamp  placed  outside  the  sphere.  Computer 
simulations  were  made  on  several  models  of  an  inte- 
grating sphere,  designed  to  compare  the  total  flux  of 
a  test  lamp  inside  the  sphere  with  the  flux  introduced 
from  an  external  source.  The  author  describes  the  the- 
ory and  algorithm  of  the  simulation,  presents  the  re- 
sults of  the  simulation  for  varying  conditions  of  sphere 
geometry  such  as  size  and  location  of  the  baffles,  inter- 
nal source,  and  wall  reflectance,  and  predicts  that  one 
of  the  models  has  sufficient  accuracy  to  calibrate 
lamps  for  total  flux. 
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Generation  of  simultaneous  four  wavelength  optical 
pulses  is  successfully  demonstrated  using  a  novel 
multiwavelength  mode-locked  Er(3+)-doped  fiber  ring 
laser  with  two  45  deg  concatenated,  birefringent  fibers 
in  the  cavity.  Wavelength  separations  of  0.9-2.7  nm 
and  pulse  durations  of  28-55  ps  are  obtained. 
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The  group  delay  and  dispersion,  including  the  erbium 
ion  contributions,  of  the  highly  erbium-doped  silica 
planar  waveguide  amplifier  and  multicomponent  glass 
fiber  amplifiers  are  directly  measured  at  different  pump 
powers  using  a  low  coherence  reflectometer  and  dis- 
persive Fourier  spectroscopy.  This  method  derives  the 
refractive  index  spectra  of  these  amplifiers  directly 
from  the  produced  reflectograms  without  any  physical 
or  mathematical  assumptions.  The  dispersion  of  the 
planar  waveguide  amplifier  at  500  mW  pumping 
changes  between  +300  and  -200  ps/km/nm  with  a  0.4 
wt  %  erbium  concentration. 
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We  present  an  evaluation  of  optical  data  for  Al,  Si,  Ti, 
Mo,  W,  and  Ir  based  on  two  sum  rules  for  the  energy- 
loss  function,  the  familiar  f-sum  rule  and  another  sum 
rule  based  on  a  limiting  form  of  the  Kramers-Kronig  in- 
tegral. These  sum  rules  were  used  to  evaluate  sets  of 
energy-loss  function  data  constructed  first  from  tab- 
ulated optical  data  which  have  been  supplemented  by 
interpolations  in  the  40-100  eV  range  for  Ti,  Mo,  W, 
and  Ir.  A  second  set  of  energy-loss  function  data  was 
constructed  for  each  material  by  substituting  energy- 
loss  function  values  calculated  from  the  optical  data  of 
Windt  et  al.  (Appl.  Opt.,  27(1988)  246,  279)  in  the  10- 
525  eV  range.  The  deviations  in  the  results  of  the  sum- 
rule  tests  with  the  second  set  of  optical  data  were 
about  twice  those  found  for  the  first  set.  We  conclude 
that  the  first  set  of  optical  data  is  preferred  over  the 
second  set. 
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In  this  paper  we  summarize  a  number  of  previous  ex- 
periments on  the  measurement  of  the  roughness  of 
metallic  surfaces  by  light  scattering.  We  identify  sev- 
eral regimes  that  permit  measurement  of  different  sur- 
face parameters  and  functions,  and  we  establish  ap- 
proximate limits  for  each  regime.  Using  a  straight- 
forward criterion,  we  calculate  that  the  smooth-surface 
regime,  in  which  the  angular  distribution  of  scattered 
light  is  closely  related  to  the  power  spectral  density  of 
the  roughness,  ranges  over  0  <  sigma/lambda  approx 
=  or  <  0.05,  where  Sigma  is  the  rms  roughness  and 
lambda  is  the  optical  wavelength.  Above  that,  the  sur- 
face autocorrelation  function  may  be  calculated  from 
a  Fourier  transform  of  the  angular  distribution  over  0 
<  sigma/lambda  approx  =  or  <  0.14.  Then  comes  the 
specular  regime  where  the  specular  beam  can  still  be 
identified  and  measured  over  0  <  sigma/lambda 
approx  =  or  <  0.3.  For  all  of  these  regimes  and  for 
rougher  surfaces  too,  the  rms  width  of  the  scatter  dis- 
tribution is  proportional  to  the  rms  slope  of  the  surface. 
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This  paper  reports  progress  toward  developing  an  arti- 
fact standard  for  video  microscopes  devoted  to  meas- 
uring optical  fiber  geometry.  Specifically,  we  have  de- 
veloped three  devices,  a  contact  micrometer,  a  scan- 
ning confocal  microscope,  and  a  white-light  inter- 
ference microscope,  that  are  capable  of  absolute 
measurements  with  accuracy  between  50  and  100  nm. 
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A  number  of  optically  important  materials  such  as  ZnS, 
Si02,  Si02-Ti02,  GaAs,  and  heavy  metal  fluoride 
(e.g.,  ZBLAN)  glasses  are  subject  to  moisture-  and/or 
liquid  water-induced  crack  growth.  A  notable  exception 
to  this  behavior  appears  to  be  Si.  Such  environmentally 
enhanced  crack  growth  can  lead  to  ultimate  failure  in 
service  at  stresses  well  below  those  expected  from 
normal  strength  tests.  The  sensitivity  of  a  material  to 
water  can  be  obtained  by  determining  a  crack  growth 
parameter,  N.  This  parameter  can  be  combined  with 
other  easily  obtainable  fracture  information  which  in- 
clude measures  of  the  strength  and  strength  distribu- 
tion to  create  a  lifetime  design  diagram  using  fracture 
mechanics  concepts.  Methods  for  determining  these 


fracture  parameters  including  direct  crack  growth 
measurements  and  dynamic  fatigue  are  reviewed,  and 
the  influence  of  environmental  water  on  the  materials 
is  discussed.  Crack  growth  mechanisms  including 
physical  (dielectric)  and  chemical  reaction  mecha- 
nisms are  discussed,  and  lifetime  design  diagrams 
which  can  be  used  to  determine  stress  levels  in  service 
are  presented. 

04,268 

PB95-153714       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Boulder,  CO.  Electromagnetic  Technology  Div. 

High-Resolution  Spectroscopy  of  Laser-Cooled 

Rubidium  in  a  Vapor-Cell  Trap. 

Final  rept. 

S.  L.  Gilbert.  1993,  1p. 

Pub.  in  Proceedings  of  Quantum  Electronics  and  Laser 
Science  Conference,  Baltimore,  MD.,  May  2-7,  1993, 
p212. 

Keywords:  "Laser  spectroscopy,  'Rubidium,  Erbium 
glass  lasers,  Near  infrared  radiation,  Optical  commu- 
nication, High  resolution,  Electron  transitions,  Fre- 
quency stability,  Trapped  particles,  Reprints,  Fiber  la- 
sers, Atom  traps,  Laser  cooling. 

High  resolution  spectroscopy  was  performed  using  a 
1.529  micrometer  fiber  laser  to  probe  the  5P(3/2)  --> 
4D(5/2)  transition  in  rubidium  atoms  confined  in  a 
vapor-cell  trap.  Line  shapes  and  fiber  laser  stabilization 
are  discussed. 
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This  article  is  meant  to  serve  as  a  useful  introduction 
to  the  art  of  stabilized  lasers,  especially  for  those  who 
are  entering  this  activity  from  other  fields.  With  the  cur- 
rent explosion  of  interest  in  atom  trapping  techniques, 
we  can  look  forward  to  major  progress  in  the  narrow- 
line  laser/super-sharp  absorber  high  resolution  spec- 
troscopy business.  Applications  range  from  atomic 
clocks  to  cold  atom  collision  physics  to  tests  of  special 
relativity.  The  combination  of  ultra-stable  lasers  with 
cold  atom  interferometry  will  be  especially  powerful  in 
offering  new  tests  of  atomic  charge  neutrality  and  of 
time  reversal  invariance  via  new  limits  on  atomic  elec- 
tric dipole  moments.  Remarkably,  a  practical  instru- 
ment for  oil  and  gas  prospecting  might  be  based  on 
a  laser-diode/atom-interferometric  measurement  of 
local  'g'. 
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A  technique  is  presented  for  realizing  spectral  irradi- 
ance using  a  large-area,  high  temperature,  uniform, 
black-body  source  and  filter-radiometers  that  are  cali- 
brated using  a  High  Accuracy  Cryogenic  Radiometer. 
The  method  will  be  studied  by  calibrating  irradiance 
lamps  with  this  new  technique  and  comparing  the  re- 
sults with  those  obtained  by  the  method  currently  em- 
ployed at  the  National  Institute  of  Standards  and  Tech- 
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nology  (NIST).  Progress  to  date  and  preliminary  results 
are  presented.  The  ultimate  goal  of  the  program  is  to 
reduce  the  measurement  uncertainties  in  the  spectral 
irradiance  scales  that  are  made  available  to  industry 
by  calibrating  deuterium  and  tungsten-halogen  irradi- 
ance lamps. 
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We  examine  the  manner  in  which  the  effective  index 
for  each  of  the  two  modes  of  a  bent  dual-mode  planar 
waveguide  changes  with  curvature.  We  find  that  the 
bending-induced  changes  in  the  effective  indices  de- 
pend strongly  on  core-cladding  index  contrast  and  the 
value  of  V.  For  waveguides  with  large  contrast,  the 
changes  in  effective  indices  are  such  that  the  change 
in  the  phase  difference  between  the  modes  is  positive 
(or  negative)  at  large  (or  small)  values  of  V.  The 
change  becomes  zero  at  a  V  value  that  depends  on 
the  waveguide  parameters  and  curvature.  If  the  index 
contrast  is  small,  the  bending-induced  phase  dif- 
ference may  change  sign  with  increase  in  curvature. 
This  might  help  in  ultimately  explaining  the  bipolar 
phase  shift  seen  in  a  recent  experiment.  The  results 
of  our  study  can  be  used  to  increase  or  decrease  the 
bending  sensitivity  of  dual-mode  optical-waveguide 
sensors  and  devices. 
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We  have  used  least-median-of-squares  (LMS)  regres- 
sion to  analyze  gray-scale  images  of  optical  fiber  ends. 
This  regression  is  a  form  of  robust  regression  that  ig- 
nores outlying  data  points.  We  fitted  ellipses  to  the  im- 
ages of  each  of  two  fiber  ends  by  using  LMS  and  least- 
sum-of-squares  regression.  The  two  methods  yielded 
nearly  identical  results  on  a  pristine  fiber  end,  but  the 
LMS  method  was  far  superior  on  a  damaged  fiber  end, 
even  though  we  made  no  effort  to  filter  the  outlying 
data  points. 
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The  candela  scale,  one  of  the  SI  base  units,  has  been 
realized  by  using  absolutely  calibrated  detectors  rather 
than  sources.  A  group  of  eight  photometers  were  con- 
structed using  silicon  photodiodes,  precision  aper- 
tures, and  glass  filters  for  V(lambda)  match.  Their  ab- 
solute spectral  responsivities  were  calibrated  against 
the  NIST  absolute  spectral  responsivity  scale.  The 
measurement  chain  has  been  significantly  shortened 
compared  with  the  old  scale  based  on  a  black  body. 
This  resulted  in  improving  the  calibration  uncertainty 
to  be  0.46%  (2  Sigma),  a  factor-of-2  improvement.  This 
revision  has  made  various  photometric  calibrations  at 


NIST  more  versatile  and  flexible.  Luminous  intensity  of 
light  sources,  ranging  from  1 0(exp  -3)  to  1 0(exp  4)  can- 
delas,  is  directly  calibrated  with  the  standard 
photometers  which  have  a  linear  response  over  that 
range.  Illuminance  meters  are  calibrated  directly 
against  the  standard  photometers.  The  luminance 
scale  has  also  been  realized  on  the  detector  base 
using  an  integrating  sphere  source.  The  total  flux  rang- 
ing from  10(exp  -2)  to  10(exp  5)  lumens  can  be  meas- 
ured in  a  2m  integrating  sphere  using  a  photometer  of 
the  same  design.  These  revisions  accompanied  signifi- 
cant improvement  of  the  calibration  accuracy. 
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Bragg  gratings  with  a  reflectance  of  50%  were  written 
in  Ge-doped  fiber  by  exposure  to  continuous-wave  244 
nm  light.  The  ultraviolet  light  was  produced  by  fre- 
quency doubling  argon-ion  laser  light  in  a  buildup  cav- 
ity. 


04,275 

PB95-1 62038       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Boulder,  CO.  Electromagnetic  Technology  Div. 
Growth  of  Bragg  Gratings  Produced  by  Continu- 
ous-Wave Ultraviolet  Light  in  Optical  Fiber. 
Final  rept. 

H.  Patrick,  and  S.  L.  Gilbert.  1993,  3p. 

Pub.  in  Optics  Letters  18,  n18  p1 484-1 486,  15  Sep  93. 

Keywords:  'Gratings(Spectra),  'Optical  fibers,  Contin- 
uous radiation,  Near  ultraviolet  radiation,  Germanium 
additions,  Doped  materials,  Refractive  index,  Reprints, 
'Bragg  gratings. 

We  have  written  Bragg  gratings  of  as  much  as  94% 
reflectance  in  germanium-doped  optical  fiber  by  two- 
beam  interference  of  244-nm  continuous-wave  UV 
light.  We  measured  grating  reflectance  as  a  function 
of  exposure  time  for  UV  light  intensities  ranging  from 

I .  5  to  47  W/sq  cm.  The  observed  dependence  of  index 
modulation  on  time  and  intensity  does  not  agree  with 
the  predictions  of  a  model  based  on  depletion  of  a  de- 
fect population  by  one-photon  absorption. 
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A  novel,  simple,  and  inexpensive  calibration  scheme 
for  a  continuous-wave  difference  frequency  spectrom- 
eter is  presented,  based  on  the  stabilization  of  an  open 
transfer  cavity  by  locking  onto  the  output  of  a  polariza- 
tion stabilized  HeNe  laser.  High  frequency,  acoustic 
fluctuations  of  the  transfer  cavity  length  are  com- 
pensated with  a  piezoelectric  transducer  mounted  mir- 
ror, while  long  term  drift  in  cavity  length  is  controlled 
by  thermal  feedback.  A  single  mode  Ar(1  +)  laser,  used 
with  a  single  mode  ring  dye  laser  in  the  difference  fre- 
quency generation  of  2-4  micrometers  light,  is  then 
locked  onto  a  suitable  fringe  of  this  stable  cavity, 
achieving  a  very  small  long  term  drift  and  furthermore 
reducing  the  free  running  Ar(1+)  linewidth  to  about  1 


MHz.  The  dye  laser  scan  provides  tunability  in  the  dif- 
ference frequency  mixing  process,  and  is  calibrated  by 
marker  fringes  with  the  same  stable  cavity.  Due  to  the 
absolute  stability  of  the  marker  cavity,  precise  fre- 
quency determination  of  near  infrared  molecular  transi- 
tions is  achieved  via  interpolation  between  these  mark- 
er fringes.  It  is  shown  theoretically  that  the  residual 
error  of  this  scheme  due  to  the  dispersion  of  air  in  the 
transfer  cavity  is  quite  small,  and  experimentally  that 
a  frequency  precision  on  the  order  of  1  MHz  per  hour 
is  routinely  obtained  with  respect  to  molecular  transi- 
tions. 
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The  purely  rotational  spectrum  of  carbon  monoxide  in 
the  far  infrared  has  been  accurately  measured.  The  set 
of  calculated  transitions  derived  from  a  fit  to  these  data 
forms  the  world's  most  accurate  far  infrared  frequency 
reference. 
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The  reflectance  of  seven  Mo/Si  multilayer  coatings 
made  at  AT&T  Bell  Labs  and  at  Lawrence  Livermore 
National  Laboratories  (LLNL)  have  been  measured 
using  three  different  reflectometers,  in  order  to  deter- 
mine whether  reflectance  measurements  made  using 
different  reflectometers  yield  consistent  results.  By 
comparing  the  deduced  adjustable  parameters  used  to 
fit  the  measured  reflectances  with  those  calculated 
from  a  model  based  on  recursive  application  of  the 
modified  Fresnel  equations,  we  conclude  that  the 
measurements  made  with  the  three  reflectometers  are 
inconsistent.  We  attribute  the  discrepancies  to  system- 
atic measurement  errors,  including  those  associated 
with  the  spectral  purity  of  the  incident  radiation. 
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We  derive  a  far-field  diffraction  integral  by  (vector) 
electromagnetic  theory;  the  result  differs  from  the  (sca- 
lar) Rayleigh-Sommerfeld  or  Kirchhoff  result  in  that  it 
depends  on  polarization.  For  unpolarized  light,  we  de- 
rive a  factor  that  replaces  the  usual  obliquity  factor. 
Omitting  this  factor  can  cause  an  error  of  the  same 
order  as  the  measurement  uncertainty  in  determining 


500 


PHYSICS 


Optics  &  Lasers 


the  mode-field  diameter  of  a  single-mode  fiber  from  far- 
field  data. 


04,280 

PB95-1 68464       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Boulder,  CO.  Electromagnetic  Technology  Div. 
Interlaboratory  Comparison  of  Polarization-Hold- 
ing    Parameter     Measurements     on  High- 
Birefringence  Optical  Fiber. 
Final  rept. 

R.  M.  Craig,  D.  Tang,  and  G.  W.  Day.  1993,  4p. 
Pub.  in  Proceedings  of  Optical  Fibre  Measurement 
Conference,  Torino,  Italy,  September  21-22,  1993, 
p1 77-1 80.  , 

Keywords:  'Optical  fibers,  Interlaboratory  compari- 
sons, Optical  measurement,  Polarization(Waves), 
Fiber  optics,  Birefringence,  Reprints,  H  parameter. 

We  report  the  results  of  a  preliminary  interlaboratory 
comparison  of  polarization-holding  parameter  (h-pa- 
rameter)  measurements,  in  which  seven  participants 
measured  three  coils  of  fiber  using  the  participants' 
normal  procedures.  The  variations  in  results  (one 
standard  deviation)  among  the  three  coils  ranged  from 
13%  to  50%. 
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We  have  made  what  we  think  is  the  first  observation 
of  the  oscillation  of  the  9-micrometer  hot-band  lines 
01(sup  1)  -->  (left  bracket)  11  (sup  1)0,  03(sup  1)0(right 
bracket)(sub  II)  of  C02.  We  have  observed  40  lines 
with  a  maximum  power  of  8  W.  They  will  provide  a  new 
source  of  laser  radiation  for  spectroscopy.  The  set  of 
lines  has  been  positively  identified  by  directly  measur- 
ing the  frequencies  of  two  of  the  lines  with  a  hetero- 
dyne technique  using  a  C02  laser  standard. 
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Tapered  dielectric  waveguides  have  been  analyzed 
using  a  variety  of  methods  including  coupled  mode  the- 
ory, a  step  tapered  configuration,  a  method  that  uses 
a  ray-optics  model,  and  the  beam  propagation  method. 
We  also  use  a  step  taper  approach,  approximating  the 
smooth  taper  with  a  series  of  discrete  steps.  Our  meth- 
od accounts  for  the  interaction  between  modes  and  is 
capable  of  tracking  the  propagation  through  the  taper 
by  using  an  expansion  of  the  field  on  each  side  of  the 
step;  we  use  basis  functions  that  are  known  to  approxi- 
mate the  field  very  accurately.  Integration  is  avoided 
in  evaluating  the  coupling  efficiency  across  the  step. 
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We  discuss  the  utility  of  symbolic  computer  languages 
in  the  context  of  optical  fiber  analysis.  The  symbolic 
Mapping  command,  for  example,  is  useful  whenever 
a  series  expansion  approach  is  used  in  eigenvalue 
problems  if  the  basis  functions  are  integrable  in  closed 
form.  We  show  how  this  command  allows  a  simple  but 
accurate  evaluation  of  single-mode  fiber  parameters  in 
most  cases  of  practical  interest.  The  Replacement 
command  is  also  demonstrated  in  tracking  the  vari- 
ation of  fiber  operational  parameters  as  a  function  of 
the  V-parameter.  The  saving  in  CPU  time  is  substan- 
tial. 
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We  have  measured  the  time  dependence  of  the  400 
nm  fluorescence  of  Ge-doped  optical  fiber  illuminated 
with  continuous-wave  244  nm  light.  Our  results  differ 
from  previous  measurements  that  used  pulsed  242  nm 
light. 
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Variational  trial  fields  that  are  based  on  modified  Airy 
functions  are  proposed  to  obtain  the  propagation  char- 
acteristics of  inhomogeneous  planar  optical 
waveguides.  We  compare  with  other  recently  proposed 
trial  fields  to  demonstrate  the  improved  accuracy  ob- 
tained through  the  use  of  these  Airy  function  trial  fields. 
The  probable  reason  that  the  proposed  fields  are  better 
suited  than  others  is  that,  unlike  the  others,  they  de- 
pend on  the  profile  shape.  The  argument  of  the  Airy 
function  trial  field  is  also  sensitive  to  the  rate  of  change 
of  the  profile.  The  fields  are  thus  better  matched  to  the 
exact  field,  improving  the  variational  results. 
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We  have  observed  interference  fringes,  like  those  in 
Young's  classic  experiment,  in  the  laser  light  scattered 
by  two  trapped  atoms.  The  interference  fringes  are 
present  only  in  one  polarization  of  the  scattered  light. 
The   polarization   dependence   is   related   to  the 


complementarity  principle,  which  forbids  the  simulta- 
neous observation  of  wave-like  and  particle-like  as- 
pects of  light.  The  interference  fringes  are  due  to  proc- 
esses in  which  a  single  photon  scatters  from  two 
atoms.  We  describe  methods  which  might  be  used  to 
observe  other  interference  effects  due  to  two  photons 
scattering  from  two  atoms. 
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We  calculated  irradiance  profiles  resulting  from  the 
truncation  of  a  gaussian  beam  by  hard-edged  slits 
transmitting  95  or  99  percent  of  the  incident  power. 
Three  definitions-second  moment,  slit,  and  knife 
edge-were  used  to  obtain  widths  of  the  near  and  far 
field  profiles.  From  these  widths,  we  calculated  the 
propagation  factors  of  the  beam,  with  and  without  a 
lens.  Second  moment  widths  are  indeterminate,  due 
to  their  dependence  on  the  extent  of  integration.  Scan- 
ning slit  and  knife-edge  widths  are  measurable,  but  do 
not,  in  general,  fit  the  hyperbolic  propagation  equation. 
Least-squares  fits  of  the  measurements  can  result  in 
propagation  factors  better  than  the  ideal  limit.  Beam 
divergence  values  calculated  from  single  beam  width 
measurements,  or  from  least-squares  fits  of  many 
data,  differ  by  several  percent. 
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We  examine  how  the  bending-induced  mode  losses  in 
a  dual-mode  rectangular-core  waveguide  vary  with 
bend  orientation.  Bending  about  the  minor  axis  (case 
(i))  and  bending  about  the  major  axis  (case  (ii))  are 
considered.  The  second  (LP(1 1))  mode  is  more  lossy 
in  case  (i)  than  In  case  (ii),  while  the  reverse  is  true 
for  the  first  (LP(01))  mode.  Further,  in  case  (i)  the 
LP(11)-mode  loss  is  larger  than  than  LP(01)-mode 
loss,  but  in  case  (ii)  the  LP(01)-mode  loss  is,  surpris- 
ingly, larger  than  the  LP(11)-made  loss.  LP(11)-mode 
loss  is  consistent  with  the  recent  experimental  results. 
This  study  should  be  useful  in  designing  efficient  ellip- 
tical-core fiber  components  such  as  LP(1 1  )-mode  strip- 
pers based  on  differential  mode  loss  of  the  first  two 
modes. 
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We  discuss  a  method  of  evaluating  the  effective  indi- 
ces of  quasi-modes  of  a  bent  rectangular  core 
waveguide  taking  into  account  the  correct  dielectric 
constant  of  the  corner  regions,  which  is  ignored  in  ear- 
lier methods.  At  small  bend  curvatures  and  low  V  val- 
ues, the  corner  regions  contribute  much  more  to  the 
effective  index  change  than  the  bending  itself. 
(Copyright(c)  1 994  John  Wiley  &  Sons,  Inc). 
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We  describe  a  measurement  system  developed  by 
NIST  to  calibrate  optical  power  meters  using  either  col- 
limated-beam  or  connectorized-fiber  configurations. 
This  calibration  system  uses  tunable  laser  diodes 
which  operate  in  the  three  fiber  optics  windows  of  850, 
1,310,  and  1,550  nm.  This  paper  describes  the  stand- 
ards, techniques,  and  systems  involved  in  these  cali- 
brations. 
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We  derived  a  set  of  unified  equations  for  five  methods 
to  evaluate  nonlinearity  of  power  meters  and  detectors. 
We  performed  computer  simulations  of  these  methods. 
The  simulations  assist  in  design  of  a  measurement 
system  to  meet  a  target  accuracy.  Measurements  veri- 
fied the  simulations. 
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We  have  measured  30  far-infrared  laser  frequencies 
of  optically  pumped  (13)CD30H,  13  of  which  are  new 
lines.  The  frequencies  range  from  0.5  to  4.9  THz  with 
the  majority  between  0.75  and  1 .5  THz.  Two  frequency 
stabilized  C02  lasers  were  used  as  standards  for  the 
heterodyne  measurements. 
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Contents  include  articles  on  Tilt  Effects  in  Optical 
Angle  Measurements;  Optical  Characterization  in 
Microelectronics  Manufacturing;  and  Critical  Issues  in 
Scanning  Electron  Microscope  Metrology.  Also,  there 
are  Conference  Reports  on  the  16th  National  Com- 
puter Security  Conference  and  Systems  Integration 


Needs  of  U.S.  Manufacturers.  Various  News  Briefs  are 
included  as  well. 
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Vector  analysis  is  used  to  determine  the  quantitative 
error  in  angle  calibration  using  autocollimators.  This 
error  is  caused  by  tilt  in  the  mount  upon  which  the  arti- 
fact is  placed.  For  tilt  angles  that  are  less  than  1  de- 
gree, the  error  can  be  simplified  to  be  the  product  of 
a  coefficient  and  three  terms.  The  three  terms  are:  (1) 
the  square  of  the  tilt,  (2)  the  sine  of  the  artifact's  nomi- 
nal angle,  and  (3)  the  cosine  of  the  artifact's  nominal 
angle  plus  two  times  the  artifact's  position  angle.  It  is 
shown  that  the  error  can  be  eliminated  by  placing  the 
artifact  at  designated  periodic  positions. 
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The  report  describes  a  video  microscope  used  to 
measure  the  mean  diameter  and  noncircularity  of  the 
cladding  of  optical  fibers.  Discribed  is  an  unsuccessful 
attempt  to  perform  absolute  measurements.  When  the 
microscope  was  calibrated  with  a  fiber  of  known  diam- 
eter, however,  the  cladding  diameter  could  be  meas- 
ured within  0.1  micro  m. 
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Transitions  between  excited  states  of  laser-cooled  and 
laser-trapped  rubidium  and  cesium  atoms  are  probed 
by  use  of  fiber  and  diode  lasers.  High-resolution  Dopp- 
ler-free  spectra  are  detected  by  observation  of  the  ab- 
sorption and  fluorescence  of  light  from  the  intermediate 
level  of  two-step  cascade  systems.  The  optical  double- 
resonance  spectra  show  Autler-Townes  splitting  in  the 
weak  probe  limit  and  more  complicated  spectra  for  a 
strongly  coupled  three-level  system. 
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Linewidth  reduction  of  an  extended  cavity  diode  laser 
at  657  nm  was  accomplished  by  negative  feedback  to 
an  intra-cavity  ADP  crystal.  High  resolution  (170  kHz 
wide)  saturated  absorption  signals  were  recorded  of 
the  calcium  intercombination  line  which  is  of  interest 
for  a  frequency  standard.  The  spectrum  of  the  red  6 
doublet  P(3/2)-9  doublet  S(1/2)  cesium  line  in  a  mag- 
neto-optical cell  trap  was  also  investigated. 
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A  method  of  calculating  the  attenuation  constant  of  an 
optical  fiber  under  very  general  but  weakly  guiding  con- 
ditions is  derived.  The  method,  based  on  Galerkin's 
formalism,  allows  a  nonuniform  and  complex  refrac- 
tive-index profile.  The  real  and  imaginary  parts  of  the 
refractive  index  are  allowed  to  vary  independently  and 
arbitrarily  as  a  function  of  radius.  The  result  is  the  pre- 
dicted complex  propagation  constant.  The  results  are 
inherently  stationary. 
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We  evaluate  the  loss  encountered  when  splicing  be- 
tween two  circular  single-mode  fibers  with  unmatched 
parameters.  Our  method  represents  a  significant  im- 
provement in  simplicity  over  other  methods,  with  only 
an  insignificant  degradation  of  accuracy.  We  use 
Galerkin's  method,  but  expand  the  field  of  both  fibers 
in  terms  of  the  same  set  of  basis  functions,  leading  to 
considerable  simplicity:  the  overlap  integral  is  simply 
the  inner  (dot)  product  of  the  eigenvectors.  Integration 
is  thus  avoided.  We  assume  that  weakly  guiding  condi- 
tions prevail. 
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Frequencies  of  445  CH30H  rotational  transitions  be- 
tween 1.5  and  6.5  THz  have  been  measured  with  an 
accuracy  of  one  part  in  10(exp  9).  The  far-infrared  radi- 
ation used  for  the  measurements  was  generated  from 
the  radiation  of  two  C02  lasers  using  a  MIM  diode  as 
a  nonlinear  mixer.  The  high  resolution  and  sensitivity 
of  the  spectrometer  also  enabled  us  to  observe  a  se- 
ries of  forbidden  Q-branch  transitions  ((Delta)n  =  1  and 
(Delta)K  =  0)  forJ  =  12to  26. 
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A  simple  technique  for  post-polishing  single-point,  dia- 
mond-turned optics  is  described.  Synthetic  fabric- 
faced  laps  are  used.  Surface  finish  converges  to  a  lim- 
iting value  set  by  process  parameters.  Lap  construc- 
tion and  diamond  grit  size  affects  both  convergence 
rate  and  ultimate  finish. 
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Optical  pulses  at  a  repetition  frequency  of  1  GHz  from 
a  gain-switched  InGaAsP  distributed-feedback  laser 
diode  at  1.3  micrometers  are  optically  sampled  with 
compressed  pulses  from  a  mode-locked  erbium-doped 
fiber  laser  amplifier.  High  signal-to-noise  ratios  down 
to  21-(micro)W  average  laser-diode  power  with  tem- 
poral resolutions  close  to  the  sampling  pulse  duration 
of  4  ps  are  achieved.  The  sampled  waveform  is  dis- 
played at  a  repetition  rate  of  3  Hz  or  higher  to  give  a 
real-time  measurement. 
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Diode-laser-pumped,  rubidium  cell  frequency  stand- 
ards have  potential  short-term  stability  that  is  vastly 
better  than  their  lamp-pumped  counterparts.  However, 
AM  and  FM  noise  in  monolithic  laser  diodes  limit  their 
performance.  With  extended-cavity,  grating-feedback 
diode  lasers,  the  AM  and  FM  noise  can  be  controlled. 
In  the  preliminary  work  reported  here,  we  have  used 
such  a  laser  to  make  measurements  in  two  different 
rubidium  cell  systems.  Measured  line  Q  and  signal-to- 
noise  ratios  corresponding  to  sigmafsub  y)(tau)  =  4  X 
10(exp  -13)  tau(sup  -1/2)  in  a  commercial,  buffer  gas 
type  standard  and  sigma(sub  y)(tau)  =  2  X  10(exp  -13) 
tau(sup  -1/2)  in  an  evacuated,  wall-coated  cell  are 
demonstrated.  We  believe  both  of  these  numbers  can 
be  improved  significantly  in  a  fully  engineered  and  opti- 
mized standard. 
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We  describe  a  single  mode  LNA  ring  laser,  which  emits 
60  mW  at  1.083  micrometers.  Thanks  to  a  high  fre- 
quency F.M.  saturated  absorption  technique,  this  laser 
is  directly  locked  to  an  atomic  line  in  a  (4)He  discharge 
cell.  The  residual  frequency  jitter  is  130  kHz.  We  then 
present  two  examples  of  laser  manipulation  of  helium 
4  atoms  in  the  2  triplet  S(1)  metastable  state,  using 
this  laser :  a  density  increase  of  the  atomic  beam  by 
a  factor  of  8,  with  one-dimensional  optical  molasses, 
and  a  selective  deflection  of  the  metastable  helium 
beam  using  a  laser  beam  with  curved  wavefronts. 
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Heterodyne  methods  have  been  used  in  conjunction 
with  molecular  calculations  to  accurately  determine  the 
wavelengths  of  more  than  35,000  infrared  transitions. 
We  have  used  high  speed  whisker  contact  Schottky  di- 
odes to  extend  this  technology  to  the  0.8  micrometer 
spectral  region.  Using  microwave  harmonic  mixing,  we 
demonstrate  that  it  is  possible  to  detect  beat  notes  be- 
tween diode  lasers  to  frequencies  as  high  as  400  GHz. 
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This  letter  to  the  editor  is  a  comment  on  William  A. 
Thornton,  'Intersections  of  spectral  power  distributions 
of  lights  that  match,'  Color  Res.  App.  18(6):  399-410. 
The  present  author  expresses  support  for  criticisms  ex- 
plained at  length  by  two  non-NIST  authors  in  a  sepa- 
rate letter.  Thornton  claims  generality  for  a  result  that 
in  fact  depends  on  arbitrary  assumptions. 
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The  objective  is  to  estimate  the  Rayleigh  limit  in 
bidirectional  reflectance  distribution  function  (BRDF) 
measurements  caused  by  air  in  the  laboratory,  the 
wavelength,  and  the  path  length  of  light  in  the  receiver 
field  of  view.  Moreover,  we  intend  to  show  the  trend 
for  the  reduction  of  this  limit  by  introducing  a  medium 
with  small  refractive  index  and  by  using  a  longer  wave- 
length. Although  the  BRDF  typically  describes  the  an- 
gular distribution  of  scattered  light  from  surfaces,  the 


expression  describing  the  equivalent  BRDF  caused  by 
the  optical  scattering  from  gas  molecules  in  the  optical 
path  is  derived  through  the  use  of  the  Rayleigh  scatter- 
ing theory.  The  instrumentation  is  described,  and  the 
experimental  results  of  the  equivalent  BRDF  caused 
by  gas  scattering  from  molecules  in  clear  air,  nitrogen, 
and  helium  gases  are  reported.  These  results  confirm 
the  trends  of  the  prediction. 

04,303 

PB95-1 80048       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Boulder,  CO.  Electromagnetic  Technology  Div. 
Passively  Q-Switched  Nd-Doped  Waveguide  Laser. 
Final  rept. 

J.  A.  Aust,  K.  J.  Malone,  D.  L.  Veasey,  N.  A. 

Sanford,  and  A.  Roshko.  1994,  3p. 

Pub.  in  Optics  Letters  19,  n22  p1 849-1 851,  15  Nov  94. 

Keywords:  "Waveguide  lasers,  "Neodymium  lasers, 
Solid  state  lasers,  Q  switched  lasers,  Infrared  lasers, 
Glass  lasers,  Near  infrared  radiation,  Intergrated  op- 
tics, Reprints. 

A  passively  Q-switched  waveguide  laser  operating  at 
1.054  micrometers  has  been  demonstrated  in  a  Nd- 
doped  phosphate  glass.  The  channei  waveguide  was 
fabricated  by  K-ion  exchange  from  a  nitrate  melt.  Pas- 
sively Q-switched  pulses  were  achieved  by  placement 
of  an  acetate  sheet  containing  an  organic  saturable- 
absorbing  dye  within  the  laser  cavity.  The  resulting 
pulse  train  consisted  of  pulses  with  a  FWHM  of  about 
25  ns  and  peak  powers  of  3.04  W.  With  an  80%  trans- 
mitting output  coupler,  cw  operation  of  the  laser  pro- 
vided a  5.2  mW  of  output  power  at  1.054  micrometers 
for  229  mW  of  absorbed  794-nm  pump  power. 
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A  new  concept  for  the  design  of  broadband  (2-25  mi- 
crometers and  beyond)  neutral-density  filters  in  the  in- 
frared region  without  etaloning  effects  is  proposed  and 
demonstrated.  One  important  aspect  of  the  technique 
is  to  use  metallic-thin-film  (10-200-nm-thick)  multilayer 
combinations  deposited  onto  different  substrates 
(ZnSe,  CdTe,  Lexan).  Neutral-density  filters  with  opti- 
cal densities  as  high  as  4  are  designed  and  built  in  the 
broadband  region  (2-25  micrometers).  Another  key  in- 
novation is  the  use  of  ultrathin  substrates  (about  100 
nm  thick)  for  elimination  of  etaloning  effects  normally 
present  in  thick  (>0.5-mm)  substrates.  Neutral-density 
filters  with  such  ultrathin  substrates  are  also  designed 
and  investigated. 
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We  have  performed  a  propagation-of-errors  analysis 
on  two  methods  used  to  determine  the  spatial  param- 
eters of  a  laser  beam.  We  measured  diameters  of  a 
diode  laser  beam  focused  by  a  993  mm  focal  length 
lens.  Measurement  uncertainties  of  less  than  1%  can 
result  in  uncertainties  greater  than  200%  in  locating  the 
beam  waist  of  the  laser.  We  compare  the  inherent  un- 
certainties in  the  spatial  parameters  as  obtained  by  the 
two  methods.  Longer  focal  length  lenses  and  lens  posi- 
tion can  reduce  this  magnification  of  uncertainty,  but 
would  require  large  propagation  distances. 
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Modal  characteristics  of  bent  dual-mode  planar  optical 
waveguides  are  obtained.  The  bending-induced 
changes  in  the  modal  power  distribution  is  found  to  be 
quite  different  for  the  two  modes.  Surprisingly,  unlike 
the  fundamental  mode,  bending  causes  the  fractional 
modal  power  for  the  second  mode  to  increase  in  the 
inner  core-half  and  to  decrease  in  the  outer  core-half 
of  the  waveguide.  Interestingly,  this  leads  to  a  de- 
crease in  effective  index  of  the  second  mode  due  to 
bending  at  sufficiently  high  V-values. 
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New  frequencies  are  given  for  the  (12)C(16)02, 
(13)C(16)02,  (12)C(18)02,  and  (13)C(18)02  regular 
band  laser  transitions  and  for  the  hot-band  transitions 
of  (12)C(16)02.  These  frequencies  are  based  on  a 
new  least-squares  analysis  of  all  of  the  frequency 
measurements  of  these  four  molecular  species  includ- 
ing new  high-J  measurements  reported  here  and  re- 
cent absolute  frequency  measurements.  Fourteen  new 
high-J  transitions  of  the  regular  (12)C(16)02  laser 
bands  have  been  observed,  the  lasers  have  been  sta- 
bilized with  sub-Doppler  saturated  4. 3-micrometer  fluo- 
rescence, and  their  frequencies  have  been  measured. 
Nine  of  these  transitions  fill  the  gap  between  the  9.4- 
and  10.4-micrometer  bands.  New  frequency  measure- 
ments are  reported  for  84  hot-band  lines,  which  were 
also  included  in  the  reanalysis  of  the  C02  laser  transi- 
tions. 
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Optical  stabilization  of  tunable  lead-salt  diode  lasers 
(TDL)  in  the  mid-infrared  is  presented  for  the  first  time. 
By  introducing  an  external  feedback  mirror  both  the 
linewidth  is  substantially  narrowed  and  the  frequency 
of  the  TDL  is  stabilized  and  controlled  via  this  mirror 
in  a  frequency-offset  locked  scheme.  We  achieved  nar- 
rowing of  the  linewidth  by  1-2  orders  of  magnitude  or 
better.  The  TDL  is  offset-locked  to  a  CO  gas  laser  by 
a  heterodyne  technique:  the  beatnote  between  the  two 
lasers  is  used  to  control  the  length  of  the  external  reso- 
nator. By  this  scheme  we  gain  the  capability  of  abso- 
lute frequency  measurements  with  sub-Doppler  accu- 
racy. The  improved  spectral  properties  of  the  diode 


laser  provide  a  new  tool  for  high-resolution  molecular 
spectroscopy  in  the  mid-infrared. 
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Spectra  of  highly  ionized  iron  were  generated  in  a 
laser-produced  plasma  and  a  tokamak.  In  the  spectra 
from  the  laser-produced  plasma,  new  lines  of  Fe(23+) 
were  observed  that  were  identified  as  3s-4p,  3p-4d, 
and  3d-4f  transitions.  The  measured  wavelengths  of 
these  lines  were  combined  with  measurements  of  the 
2s-2p  resonance  lines  measured  in  the  tokamak  plas- 
ma and  with  earlier  measurements  of  n  =  2  to  n  =  3 
transitions  to  yield  an  improved  system  of  energy  lev- 
els for  Fe(23+).  The  measured  wavelengths  are  com- 
pared with  ab  initio  theoretical  values  calculated  with 
a  Dirac-Fock  code.  With  the  4f  energy  levels,  which 
are  nearly  hydrogenic,  an  improved  ionization  energy 
of  16,503,000  +  or  -  1400/cm  (2046.1 1  +  or  -  0.17  eV) 
was  determined. 
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An  antenna-coupled  high-T(c)  superconducting 
microbolometer  on  a  silicon  substrate,  operating  at  in- 
frared wavelengths,  is  described.  This  detector  incor- 
porates a  silicon-micromachined  yttria-stabilized 
zirconia  air  bridge  at  the  feed  of  a  planar  lithographic 
antenna  to  simultaneously  minimize  the  thermal  con- 
ductance and  the  heat  capacity  of  the  bolometer.  At 
an  operating  temperature  of  87.4  K,  the  optical 
responsivity  measured  using  a  300-K  blackbody 
source  over  a  0.2-2.9  THz  bandwidth  is  2900  V/W,  the 
optical  noise-equivalent  power  (NEP)  is  9  X  10(exp 
-12)  W/Hz(exp  1/2),  and  the  time  constant  is  <10 
microsec.  This  NEP  is  nearly  a  factor  of  2  lower  than 
the  previous  record  for  a  liquid-nitrogen-cooled  thermal 
detector,  and  the  time  constant  is  several  orders  of 
magnitude  shorter. 
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This  work  consists  of  a  detailed  thermal  modeling  of 
two  different  radiometers  operated  at  cryogenic  tem- 
peratures. Both  employ  a  temperature  sensor  and  an 
electrical-substitution  technique  to  determine  the  abso- 
lute radiant  power  entering  the  aperture  of  a  receiver. 
Their  sensing  elements  are  different:  One  is  a  germa- 
nium resistance  thermometer,  and  the  other  is  a 
superconducting  kinetic-inductance  thermometer.  The 


finite  element  method  is  used  to  predict  the  transient 
and  steady-state  temperature  distribution  in  the  re- 
ceiver. Recommendations  are  given  based  on  the 
modeling  for  future  improvement  of  the  dynamic  re- 
sponse of  both  radiometers. 
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An  efficient  method  for  generation  of  high  energy 
pulsed  infrared  light  between  0.9  and  1.5  micrometers 
is  described.  The  technique  uses  difference  frequency 
mixing  of  pulsed,  visible  dye  and  Nd:YAG  laser  light 
in  a  10  mm  long  BBO  crystal.  Quantum  efficiencies  of 
up  to  23%  and  infrared  pulse  energies  up  to  4.5  mJ 
are  demonstrated.  The  low  shot-to-shot  fluctuations  of 
difference  frequency  generation  in  BBO  make  this 
technique  an  attractive  alternative  to  the  conventional 
optical  parametric  oscillator  or  Raman  shifting  methods 
that  are  currently  used  to  access  this  spectral  region. 
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Strontium  vapor  is  pumped  by  an  unfocused,  single- 
mode,  pulsed  dye  laser  tuned  near  the  461  nm  reso- 
nance transition.  With  blue  laser  detuning  the  pre- 
viously reported  red-shifted  conical  emission  is 
present.  We  simultaneously  resolve  in  angle  and  in  fre- 
quency the  emissions  from  this  intense,  near-resonant 
pumping  of  a  'two-level'  atom.  This  quantitative  spec- 
tral and  angular  discrimination  provides  uniquely  de- 
tailed measurements  and  demonstrates  a  serious  lack 
of  understanding  of  this  highly  nonlinear  phenomenon. 
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Detailed  instructions  for  the  construction  and  operation 
of  a  diode  laser  system  with  optical  feedback  are  pre- 
sented. This  system  uses  feedback  from  a  diffraction 
grating  to  provide  a  narrow-band  continuously  tune- 
able source  of  light  at  red  or  near-IR  wavelengths. 
These  instructions  include  machine  drawings  for  the 
parts  to  be  constructed,  electronic  circuit  diagrams, 
and  prices  and  vendors  of  the  items  to  be  purchased. 
It  is  also  explained  how  to  align  the  system  and  how 
to  use  it  to  observe  saturated  absorption  spectra  of 
atomic  cesium  or  rubidium. 
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We  exposed  optical  fibers  to  UV  light  and  simulta- 
neously measured  the  intensity  of  the  blue  fluores- 
cence from  the  fiber  core.  Two  silica  glass  fibers  with 
different  core  dopants  were  investigated:  a  germa- 
nium-doped fiber  and  a  germanium-boron-codoped 
fiber.  The  fibers  were  exposed  transversely  to  pulsed 
or  continuous-wave  244  nm  light  for  times  ranging  from 
a  few  minutes  to  over  an  hour.  For  all  UV  intensities 
and  exposure  times  used,  the  fluorescence  decreased 
during  UV  exposure.  For  a  given  fiber,  the  fractional 
decrease  in  fluorescence  seen  from  the  side  of  the 
fiber  was  dependent  only  on  the  total  UV  fluence. 
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A  multipass  cell  is  described  which  allows  efficient 
stimulated  Raman  frequency  shifting  for  low  pump 
laser  intensities  and  low  gas  pressures.  The  latter  is 
important  for  Raman  shifting  of  narrow-band  Fourier- 
transform  limited  light  pulses  (Delta  nu  =  75  MHz).  It 
is  shown  that  frequency  broadening  of  the  Raman 
shifted  light  can  be  largely  avoided  in  the  Dicke  narrow- 
ing regime  at  low  pressures.  For  75  MHz  pump  pluses 
and  an  H2  density  of  2.5  amagat,  we  found  a  negligible 
broadening  to  90  MHz  of  the  stimulated  Stokes  light. 
This  is  far  below  the  value  of  250  MHz  expected  from 
spontaneous  emission.  The  narrow-band  Stokes 
pulses  achieved  in  C02  enabled  us  to  measure  the 
pressure  shift  coefficient  (-0.71  X  10(sup  -2)/cm/ 
amagat)  of  this  gas.  It  is  demonstrated,  for  the  example 
of  benzene,  that  our  technique  provides  a  very  prac- 
tical light  source  for  high  resolution  molecular  spectros- 
copy. 
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Resonance  fluorescence  from  a  single  two-level  atom 
driven  by  a  beam  of  squeezed  light  is  studied  in  the 
weak-field  limit.  We  consider  the  situation  where  the 
atom  is  coupled  to  the  ordinary  vacuum  and  only  a  few 
field  modes  corresponding  to  the  driving  field  are 
squeezed.  The  field  produced  by  the  degenerate  opti- 
cal parametric  oscillator  is  used  as  the  driving  field. 
Heisenberg  equations  of  motion  are  solved  in  the 
steady-state  and  analytic  expressions  for  the  fluores- 
cent-light intensity  and  the  spectrum  of  fluorescent  light 
are  derived.  We  also  consider  photon  statistics  of  fluo- 
rescent light.  In  particular,  squeezing,  antibunching, 
and  sub-Poissonian  statistics  of  fluorescent  photons 
are  discussed,  and  analytic  expressions  for  the  quad- 
rature variance  and  the  two-time  intensity  correlation 


function  are  presented.  Contrary  to  the  case  of  coher- 
ent excitation,  the  second-order  intensity  correlation 
function  does  not  factorize.  This  and  other  differences 
are  discussed,  and  curves  are  presented  to  illustrate 
the  behavior  of  various  quantities.  We  also  present  re- 
sults for  thermal  excitation  of  the  atom. 
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We  report  on  recent  refinements  in  the  development 
of  high-resolution  optical  multiplex  spectroscopy  using 
stochastic  excitation.  We  discuss  the  attainment  of 
higher  excitation  bandwidths  through  the  use  of  faster 
digital  noise  sources  and  digital  filtering  techniques, 
the  active  suppression  of  residual  amplitude  modula- 
tion noise,  laser-frequency  stabilization  using  an  exter- 
nal stabilizer,  and  the  performance  of  various  data- 
analysis  methods. 
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We  evaluate  a  multi-dimensional  integral  involving  cy- 
lindrical Bessel  functions.  This  integral  arose  during  a 
study  of  optical  coherence. 
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This  is  the  first  of  a  series  of  papers  on  the  theory  of 
cone  emission  from  a  laser-pumped  two-level  atomic 
medium.  Starting  from  microscopic  quantum  theory  for 
both  the  active  medium  and  the  field,  equations  for  the 
slowly  varying  macroscopic  quantities  are  derived.  In 
the  steady-state  limit,  which  experimentally  cor- 
responds to  cw  excitation,  we  find  that  the  sources  for 
the  paraxial  fields  of  interest  have  a  long  coherence 
length  despite  the  random  nature  of  spontaneous 
emission.  These  radiation  sources  enter  into  the  equa- 
tions for  the  fields  in  the  same  form  as  the  source  gen- 
erated by  four-wave  mixing  and  therefore  may  be  con- 
sidered as  a  'spontaneous  four-wave  mixing,'  since  the 
photons  emitted  in  the  Rabi  sidebands  are  correlated. 
This  has  far-reaching  consequences  on  the  physics  of 
cone  emission  and  also  sheds  some  new  light  on  the 
fluorescence  from  strongly  driven  atomic  systems. 
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We  establish  a  mechanism,  which  supports 
Cherenkov-type  radiation,  as  a  source  of  cone  emis- 
sion. This  can  be  considered  as  an  additional  mecha- 
nism to  the  previously  discussed  four-wave  mixing 
(4WM)  and  initial  encoding  and  follow-up  refraction  ef- 
fects. The  radiation  source  is  provided  by  spontaneous 
emission  of  the  driven  atoms  at  the  frequencies  of  in- 
terest. Due  to  the  medium  dispersion,  the  pump  field 
propagates  faster  than  the  phase  velocity  of  the  field 
that  is  generated  at  the  Rabi  sideband  at  lower  fre- 
quency. Cherenkov  radiation  is  then  possible  if  the 
source  has  a  long  correlation  length,  which  is  indeed 
the  case  despite  the  random  nature  of  spontaneous 
emission.  Coherent  superposition  of  the  source  for  the 
lower-frequency  field  is  in  an  off-axis  direction  given 
by  the  Cherenkov  radiation  condition.  Differences  be- 
tween 4WM  and  Cherenkov-type  models  are  con- 
sequently resolved. 
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We  present  a  comprehensive  and  quasi-tutorial  review 
of  the  theory  for  analyzing  the  optical  power  spectrum 
of  an  optical  field  that  has  noise  modulations  of  both 
the  amplitude  and  the  phase.  We  also  present  experi- 
mental results  of  the  frequency  stabilization  of  a  com- 
mercial dye  laser  to  a  high-finesse  Fabry-Perot  cavity 
(0.49-Hz  resulting  full  linewidth)  and  of  the  optical 
phase  locking  of  the  dye  laser  to  a  second  reference 
laser  (putting  97%  of  the  optical  power  into  the  carrier) 
using  an  external  stabilizer  scheme.  This  external  opti- 
cal phase/frequency  stabilization  technique  can  be  ap- 
plied to  virtually  any  cw  laser  system. 
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Pressed  polytetrafluoroethylene  (PTFE)  powder  is 
used  for  45  deg.  /0  deg.  reflectance  factor  standards. 
The  radiometric  and  spectrophotometric  measure- 
ments community  such  as  the  Council  for  Optical  Radi- 
ation Measurements  (CORM)  has  demonstrated  the 
need  for  such  a  standard  and  its  application  to  quality 
control  and  quantity  assessment.  This  publication 
briefly  describes  the  instrumentation  used  for  the  45 
deg./  0  deg.  reflectance  factor  measurements  of 
pressed  PTFE  powder  from  380  nm  to  770  nm.  Also, 
the  variations  of  45  deg./O  deg.  reflectance  factor  with 
sample  preparation  and  materials  are  discussed.  The 
expanded  uncertainty  at  a  coverage  factor  of  two  for 
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the  45  deg./O  deg.  reflectance  factors  of  pressed  PTFE 
powder  range  from  0.009  to  0.01 7. 
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A  bilateral  intercomparison  of  photometric  units  be- 
tween NIST,  USA  and  PTB,  Germany  has  been  con- 
ducted to  update  the  Knowledge  of  the  relationship  be- 
tween the  Photometric  units  diseminated  in  each  coun- 
try. The  luminous  intensity  unit  (cd)  and  the  luminous 
flux  unit  (Im)  maintained  at  both  laboratories  are  com- 
pared by  circulating  transfer  standard  lamps.  Also,  the 
photometric  responsivity  s(sub  v)  is  compared  by  cir- 
culating a  lambda-corrected  detector  with  a  built-in  cur- 
rent-to-voltage converter.  The  results  show  that  the  dif- 
ference of  luminous  intensity  unit  between  NIST  and 
PTB,  (PTB-NIST)/NIST,  is  0.2%  with  a  relative  ex- 
panded uncertainty  (coverage  factor  k=2)  of  0.24%. 
The  difference  is  reduced  significantly  from  that  at  the 
1985  CCPR  intercomparison  (0.9%). 
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Sub-Doppler  frequency  measurements  have  been 
made  on  three  transitions  of  OCS  in  the  87-THz  region 
(near  2900  1/cm).  The  CO  overtone  laser  was  used 
as  the  saturating  laser.  Polarization  spectroscopic 
techniques  utilizing  optical  heterodyne  detection  were 
used  to  observe  the  features  and  subsequently  provide 
the  discriminant  for  locking  the  overtone  laser  to  the 
OCS  transitions.  A  C02  laser  synthesizer  was  used  to 
measure  the  frequency  of  the  CO  overtone  laser  and 
thereby  measure  the  frequencies  of  the  OCS  lines.  The 
resulting  frequencies  of  the  three  new  measurements 
are  given.  These  new  numbers  have  been  fitted  along 
with  more  than  5700  other  data  points  in  our  OCS  data 
bank  and  improved  constants  have  been  obtained. 
These  latest  constants  are  used  to  calculate  updated 
calibration  tables  containing  values  with  much  smaller 
uncertainties;  three  such  tables  are  included. 
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The  authors  calculated  irradiance  distributions  result- 
ing from  clipping  a  Gaussian  beam  with  hard-edged 


slits  transmitting  99  or  95  percent  of  the  incident  power. 
The  authors  determined  the  widths  -  second  moment 
(with  8-  and  12-bit  resolution),  scanning  slit,  and  knife- 
edge  -  of  these  profiles  at  several  distances  from  the 
source,  both  with  and  without  a  focusing  lens.  When 
using  a  lens,  they  had  the  option  of  determining  the 
characterization  parameters  from  two  beam  width 
measurements  and  one  axial  distance,  or  from  a  least- 
squares  fit  of  several  beam  width  measurements  and 
axial  distances.  Finite  resolution  of  irradiance,  inherent 
in  any  measurement  device,  truncates  integrals  nec- 
essary for  calculation  of  the  second  moment  of  irradi- 
ance distributions. 


04,332 

PB96-102736       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Delivering  the  Same  Optical  Frequency  at  Two 
Places:  Accurate  Cancellation  of  Phase  Noise  In- 
troduced by  an  Optical  Fiber  or  Other  Time-Varying 
Path. 
Final  rept. 

L.  S.  Ma,  P.  Jungner,  J.  Ye,  and  J.  L.  Hall.  1994,  3p. 
Sponsored  by  Office  of  Naval  Research,  Arlington,  VA. 
and  National  Science  Foundation,  Arlington,  VA. 
Pub.  in  Optics  Letters  19,  n2  p1777-1779,  1  Nov  94. 

Keywords:  'Phase  noise,  'Doppler  radar,  Reprints, 
Cancellation,  Noise,  'Optical  radar,  Optical  fiber. 

Although  a  single-mode  optical  fiber  is  a  convenient 
and  efficient  interface/connecting  medium,  it  intro- 
duces phase-noise  modulation,  which  corrupts  high- 
precision  frequency-based  applications  by  broadening 
the  spectrum  toward  the  kilohertz  domain.  We  describe 
a  simple  double-pass  fiber  noise  measurement  and 
control  system,  which  is  demonstrated  to  provide 
millihertz  accuracy  of  noise  cancellation. 
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A  method  is  proposed  to  realize  a  total  luminous  flux 
scale  (lumens)  using  an  integrating  sphere  with  a 
known  amount  of  flux  introduced  from  an  external 
source.  The  integrating  sphere  features  an  opening  for 
a  detector,  a  test  lamp  in  its  center,  a  baffle  between 
the  test  lamp  and  the  detector.  A  second  opening  is 
used  to  introduce  flux  from  an  external  source,  and  is 
appropriately  baffled  from  the  test  lamp.  Flux  from  the 
external  source  is  introduced  into  the  sphere  through 
limiting  aperture  of  known  area.  The  flux  entering  the 
sphere  is  determined  from  knowledge  of  the  illumi- 
nance on  the  aperture  plane  and  the  area  of  the  aper- 
ture. The  total  flux  from  the  test  lamp  is  deduced  by 
comparison  to  the  flux  from  the  external  source.  Theo- 
retical analysis  was  first  made  by  computer  simulation 
based  on  a  ray  tracing  technique.  Several  integrating 
sphere  designs  were  analyzed  under  various  condi- 
tions, and  based  on  the  results  of  the  simulation,  an 
integrating  sphere  50  cm  in  diameter  was  built  to  con- 
duct experimental  analysis.  The  characteristics  of  the 
sphere  were  measured  and  compared  with  the  simula- 
tion results.  The  total  luminous  flux  values  of  several 
miniature  lamps  measured  with  this  method  were 
found  to  agree  within  0.5%  with  measurements  using 
goniophotometric  technique.  This  method  can  be  ap- 
plied also  to  realize  a  total  spectral  radiant  flux  scale. 
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New  measurements  of  26  spectral  lines  of  highly  ion- 
ized Fe  in  the  range  of  91-263  Angstroms  have  been 
carried  out  with  a  wavelength  uncertainty  of  +  or  -  5 
mAngstroms.  The  light  source  was  the  TEXT  tokamak 
at  the  University  of  Texas  in  Austin.  Lines  of  Be-like, 
C-like,  and  N-like  Fe  are  included,  with  visually  esti- 
mated intensities,  the  best  previous  measurements, 
and  energy-level  classifications.  Level  values  are  de- 
rived from  these  wavelengths  and  from  known  mag- 
netic dipole  (M1)  lines. 
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Waveguide  lasers  formed  by  ion  exchange  in  rate- 
earth-doped  glasses  have  emerged  as  an  attractive 
new  technology  on  the  threshold  of  commercial  inser- 
tion. These  devices  can  be  used  as  both  laser  oscilla- 
tors and  optical  amplifiers.  In  this  article,  we  review  ion 
exchange  and  glass  composition.  We  then  discuss  the 
performance  of  ion-exchanged  waveguide  lasers 
made  in  silicate  and  phosphate  glasses. 

04,336 

PB96-113535       PC  A05/MF  A01 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Journal  of  Research  of  the  National  Institute  of 
Standards  and  Technology,  November/December 
1 994.  Volume  99,  Number  6. 

1994,  92p. 

See  also  PB96-1 13543  through  PB96-1 13584  and 
PB95-1 69371 .  Also  available  from  Supt.  of  Docs. 

Keywords:  'Research  and  development,  'Metrology, 
'Standards,  Interlaboratory  comparisons,  Quality  as- 
surance, Pressure,  Temperature,  Optical  equipment, 
Radiators,  Magnetohydrodynamics,  NIST(National  In- 
stitute of  Standard  and  Technology). 

No  abstract  available. 


04,337 

PB96-1 1 3576  (Order  as  PB96-1 1 3535,  PC  A05/ 
MF  A01) 

National    Inst,    of    Standards    and  Technology, 

Gaithersburg,  MD. 

Beamcon  III,  a  Linearity  Measurement  Instrument 
for  Optical  Detectors. 

A.  Thompson,  and  H.  M.  Chen.  1994,  5p. 
Prepared  in  cooperation  with  Alabama  Univ.  in  Hunts- 
ville.  Dept.  of  Electrical  and  Computer  Engineering. 
Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v99  n6  p751-755  Nov/ 
Dec  94. 

Keywords:  'Optical  detection,  'Beams(Radiation), 
'Linearity,  Detectors,  Radiation  measuring  instru- 
ments, Silicon,  Photodiodes,  'Beam  addition  method, 
NIST(National  Institute  of  Standards  and  Technology). 

The  design  and  operation  of  Beamcon  III,  the  latest  lin- 
earity measurement  instrument  using  the  beam  addi- 
tion method  in  the  detector  metrology  program  at  the 
National  Institute  of  Standards  and  Technology,  is  de- 
scribed. The  primary  improvements  in  this  instrument 
are  the  reduction  of  stray  radiation  to  extremely  low 
levels  by  using  three  well-baffled  chambers,  a  larger 
dynamic  range,  and  an  additional  source  entrance 
port.  A  polynomial  response  function  is  determined 
from  the  data  obtained  by  this  instrument  using  a  least- 
squeares  method.  The  linearity  of  a  silicon  photodiode- 
amplifer  detector  system  was  determined  to  be  within 
0.054%  (2  sigma  estimate)  over  nine  decades  of  sig- 
nal. 
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We  review  the  orgins  and  applications  of  various  mag- 
neto-optic effects,  including  the  Faraday  and  Kerr  ef- 
fects, and  magnetic  linear  birefringence.  Mathemati- 
cally, we  show  how  all  of  these  effects  can  be  derived 
from  a  single  dielectric  tensor.  We  then  consider  the 
characteristics  of  magneto-optic  effects  in  specific  ma- 
terial classes,  including  diamagnetic,  paramagnetic, 
ferromagnetic,  ferrimagnetic,  and  antiferromagnetic 
materials.  Relevant  data  for  each  class  are  summa- 
rized in  tabular  format.  Finally,  both  scientific  and 
commerical  applications  of  magneto-optic  materials 
are  described. 
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It  is  shown  that  high-resolution  spectroscopy  with  tun- 
able dye  lasers  leads  to  rotationally  resolved  electronic 
spectra  of  large  molecular  systems.  Two-photon  ab- 
sorption of  narrow-band  cw  light  in  an  external  cavity 
eliminates  Doppler  broadening  in  the  S(sub  1)  in- 
versely maps  to  S(sub  0)  transition  of  the  prototype  or- 
ganic molecule  benzene.  Several  thousands  of  rota- 
tional lines  in  the  room  temperature  spectrum  are  ana- 
lyzed, providing  spectroscopic  constants  with  a  hith- 
erto inaccessible  precision.  Investigations  of  the  homo- 
geneous linewidth  of  individual  rotational  transitions  re- 
veals that  Coriolis  coupling  plays  an  important  role  in 
the  intramolecular  energy  redistribution  process  in  this 
moloecule.  Rotationally  resolved  UV  spectra  of  ben- 
zene-noble-gas van  der  Waals  clusters  were  meas- 
ured. These  measurements  yield  precise  information 
on  the  van  der  Waals  bond  lengths  and  structures  of 
these  complexes. 
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Secondary  ion  mass  spectrometry  (SIMS)  has  proven 
to  be  a  versatile  technique  to  obtain  depth  resolved  in- 
formation on  optical  waveguides  in  materials  such  as 
LiNb03,  LiTa03  and  glasses.  Optical  waveguides  are 
typically  formed  by  diffusing  an  element  into  the  mate- 
rial to  cause  a  localized  change  in  its  refractive  index. 
In  LiNb03  this  is  done  using  Ti  indiffusion  from  a  de- 
posited metal  film  or  proton  exchange  in  an  acid  bath. 
Optical  waveguides  in  glasses  have  been  made  using 
Ag  indiffusion  from  AgN03  solutions.  SIMS  instru- 
ments have  been  used  to  obtain  depth  profiles  of 
planar  waveguides  using  either  a  normal-incidence 
electron  gun  in  a  magnetic  sector  SIMS  instrumental 
or  a  quadrupole-based  SIMS  instrument. 
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The  frequencies  of  26  laser  lines  with  wavelengths  be- 
tween 57  and  534  urn  have  been  measured  in  the  opti- 
cally pumped  laser  gases  CH30D  and  N2H4.  A  pair 
of  stabilized  cw  1 2C02  lasers  was  used  as  a  frequency 
standard  for  the  heterodyne  frequency  measurements. 
Seven  of  the  26  lines  are  new. 
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NIST  is  developing  a  quarterwave  linear  retarder  de- 
signed to  have  a  retardance  stable  within  0.1  degree 
over  a  variety  of  operational  and  environmental  condi- 
tions. In  this  paper  the  authors  review  several  design 
strategies  and  early  results  of  this  effort.  These  have 
led  to  a  promising  prototype  design  consisting  of  a  dou- 
ble rhomb  TIR  retarder  constructed  from  a  low  stress- 
optic  glass.  The  authors  also  review  several  measure- 
ment methods  that  are  used  in  their  evaluations. 
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The  authors  demonstrate  that  twisting  a  fiber  a  few 
turns  per  meter  before  it  is  annealed  largely  eliminates 
the  residual  linear  bierefringence.  This  dramatically  im- 
proves the  yield  of  annealed  coils  for  current  sensing 
and  makes  it  possible  to  use  fibers  that  previously 
could  not  be  successfully  annealed.  It  is  believed  that 
twisting  is  effective  because  the  residual  birefringence 
is  associated  with  core  ellipticity  and  this  contribution 
is  averaged  to  near  zero  by  twisting.  The  authors  also 
show  the  temperature  stability  of  sensors  made  with 
this  new  technique. 
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This  paper  outlines  the  development  of  a  standard  of 
fiber  cladding  diameter  and  the  three  instruments  -  a 
micrometer,  a  scanning  confocal  microscope,  and  a 


white-light  interference  microscope  -  that  were  crucial 
to  that  development.  An  international  round  robin  yield- 
ed agreement  generally  with  0.1  micometers.  The  au- 
thors are  planning  other  artifact  standards. 
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Bragg  gratings  written  in  hydrogen-loaded  optical  fi- 
bers showed  a  larger  decrease  in  reflectivity  than 
gratings  in  non-hydrogen-loaded  fibers  after  10  hours 
at  100  degrees  C  and  after  18  days  at  room  tempera- 
ture. 


04,346 

PB96-1 22957       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Boulder,  CO.  Electromagnetic  Technology  Div. 

Growth  Characteristics  of  Fiber  Gratings. 

Final  rept. 

S.  L.  Gilbert,  and  H.  Patrick.  1994,  2p. 
Pub.  in  Proceedings  of  the  LEOS  '94  Symposium  on 
Photoinduced  Devices  in  Optical  Fibers  and 
Waveguides  (IEEE  Lasers  and  Electro-Optics  Society 
1994  Annual  Meeting),  Boston.  MA.,  October  31 -No- 
vember 3,  1994,  p131-132. 

Keywords:  "Gratings,  "Fiber  optics,  Bragg  angle.  Opti- 
cal fibers,  Ultraviolent  radiation,  Reprints,  "Fiber 
gratings. 

We  have  measured  the  time  and  UV  intensity  depend- 
ence of  the  growth  of  Bragg  gratings  in  germanium- 
doped  and  germanium-boron-codoped  optical  fiber. 
We  compare  this  with  the  change  in  blue  fluorescence 
and  theoretical  predictions.  We  find  that  the  index 
change  during  UV  exposure  is  correlated  with  a  de- 
crease in  fluorescence  and  that  a  simple  one-photon 
model  for  defect  absorption  does  not  explain  the  time 
and  intensity  dependence  of  the  grating  growth. 
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This  lecture  deals  with  one  of  the  impressive  and  excit- 
ing topics  of  our  time-the  development  and  application 
of  superstable  lasers.  Their  relevance  to  this  school 
arises  in  large  measure  from  the  incipient  marriage  of 
such  stable  laser  sources  with  the  remarkable  samples 
of  free-floating  quantum  absorbers  which  can  be  as- 
sembled. Manipulated  and  cooled  using  light  forces  on 
atoms-the  later  forming  the  main  course  of  our  study 
here.  In  addition,  such  gas  samples  and  stable  laser 
sources  represent  now  in  many  cases  the  tools  of 
choice  in  ultra-precise  experiments  designed  to  test 
our  cherished  beliefs  about  the  fundamental  physical 
laws.  Indeed,  a  large  number  of  important  and  Impres- 
sive measurements  have  already  been  carried  out 
using  stable-laser  techniques.  Still,  many  of  us  In  the 
field  believe  that  the  best  is  just  ahead,  becoming 
freshly  enabled  in  a  significant  number  of  examples  by 
progress  in  the  'atom  manipulation  business1, 
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Picosecond  optical  sampling  using  nondegenerate 
four-wave  mixing  in  a  semiconductor  laser  amplifier 
(SLA)  is  demonstrated  for  the  first  time.  High-peak- 
power  pulses  and  electrical  gating  of  the  SLA  produce 
an  optical  sampling  signal-to-noise  ratio. 
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The  Journal  of  Research  of  the  National  Institute  of 
Standards  and  Technology  features  advances  in 
measurement  methodology  and  analyses  consistent 
with  the  NIST  responsibility  as  the  nation's  measure- 
ment science  laboratory.  It  includes  reports  on  instru- 
mentation for  making  accurate  and  precise  measure- 
ments in  fields  of  physical  science  and  engineering,  as 
well  as  the  mathematical  models  of  phenomena  which 
enable  the  predictive  determination  of  information  in 
regions  where  measurements  may  be  absent.  Papers 
on  critical  data,  calibration  techniques,  quality  assur- 
ance programs,  and  well-characterized  reference  ma- 
terials reflect  NIST  programs  in  these  areas.  Special 
issues  of  the  Journal  are  devoted  to  invited  papers  in 
a  particular  field  of  measurement  science.  Occasional 
survey  articles  and  conference  reports  appear  on  top- 
ics related  to  the  Institute's  technical  and  scientific  pro- 
grams. 
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It  is  particularly  appropriate  to  consider  the  evolution 
of  stabilized  lasers  within  the  context  of  a  Fermi  School 
concerned  with  the  Frontiers  of  Laser  Spectroscopy, 
as  the  stabilization  of  lasers  has  clearly  provided  one 
of  the  stimulating  influences  for  the  development  of 
new  spectroscopic  methods. 
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Commercial  software  in  modern  interferometers  used 
in  optical  testing  frequently  fit  the  wave-front  or  sur- 


face-figure error  to  Zernike  polynomials;  typically  37 
coefficients  are  provided.  We  provide  visual  represen- 
tation of  these  data  in  a  form  that  may  help  optical  fab- 
ricators decide  how  to  improve  their  process  or  how 
to  optimize  system  assembly. 
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The  authors  describe  the  interferometric  testing  of  a 
slow  (F/1 6  at  the  center  of  curvature)  off-axis  parabola, 
intended  for  use  in  an  x-ray  spectrometer,  that  uses 
a  spherical  wave  front  matched  to  the  mean  radius  of 
the  asphere.  The  authors  find  the  figure  error  in  the 
off-axis  mirror  by  removing  the  theoretical  difference 
between  the  off-axis  segment  and  the  spherical  ref- 
erence from  the  measured  wave-front  error.  This  cen- 
ter of  curvature  test  is  easy  to  perform  because  the 
spherical  reference  wave  front  has  no  axis  and  thus 
alignment  is  trivial.  The  authors  confirm  that  the  test 
results  are  the  same  as  the  double-pass  null  test  for 
a  parabola  that  uses  a  plane  autocollimating  mirror. 
They  also  determine  that  the  off-axis  section  appar- 
ently warped  as  the  result  of  being  cut  from  the  sym- 
metric parent  part. 
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We  present  detailed  instructions  for  the  construction 
and  operation  of  an  inexpensive  apparatus  for  laser 
cooling  and  trapping  of  ribidium  atoms.  This  apparatus 
allows  one  to  use  the  light  from  low  power  diode  lasers 
to  produce  a  magneto-optical  trap  in  a  low  pressure 
vapor  cell.  We  present  a  design  which  has  reduced  the 
cost  to  less  than  $3000  and  does  not  require  any 
matching  or  glassblowing  skills  in  the  construction.  It 
has  the  additional  virtues  that  the  alignment  of  the  trap- 
ping laser  beams  is  very  easy,  and  the  rubidium  pres- 
sure is  conveniently  and  rapidly  controlled.  These  fea- 
tures make  the  trap  simple  and  reliable  to  operate,  and 
the  trapped  atoms  can  be  easily  seen  and  studied. 
With  a  few  milliwatts  of  laser  power  we  are  able  to  trap 
4  x  10  to  the  7th  power  atoms  for  3.5  s  in  this  appara- 
tus. A  step-by-step  procedure  is  given  for  construction 
of  the  cell,  setup  of  the  optical  system,  and  operation 
of  the  trap.  A  list  of  parts  with  prices  and  vendors  is 
given  in  the  Appendix. 
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We  performed  detailed  thermal  analysis  and  modeling 
of  the  C-series  laser  calorimeters  at  the  National  Insti- 
tute of  Standards  and  Technology  for  calibrating  laser 
power  or  energy  meters.  A  finite-element  method  was 
employed  to  simulate  the  space  and  time  dependance 
of  temperature  at  the  calorimeter  receiver.  The 
inequivalence  in  the  temperature  response  caused  by 
different  spatial  distributions  of  the  heating  power  was 
determined.  The  inequivalence  between  electrical 


power  applied  to  front  and  rear  portions  of  the  receiver 
is  approximately  1.7  percent,  and  the  inequivalence 
between  the  electrical  and  laser  heating  is  estimated 
to  be  less  than  0.05  percent.  The  computational  results 
are  in  good  agreement  with  experiments  at  the  1  per- 
cent level.  The  effects  of  the  deposited  energy,  power 
duration,  and  relaxation  time  on  the  calibration  factor 
and  cooling  constant  were  investigated.  This  paper 
provides  information  for  the  future  design  improvement 
on  the  laser  calorimeters. 
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The  National  Institute  of  Standards  and  Technology 
has  designed  and  built  two  electrically  calibrated  laser 
calorimeters  as  primary  standards  for  absolute  energy 
measurements  at  the  wavelength  of  248  nm.  Under  the 
sponsorship  of  SEMATECH,  NIST  developed  the 
calorimeters  to  improve  measurements  of  dose  energy 
in  excimer  laser  based  microlithography.  The  calorime- 
ter system  can  be  used  to  calibrate  transfer  standards 
which  in  turn  can  be  used  to  calibrate  detectors  em- 
ployed for  energy  measurements  of  semiconductor 
wafer  exposure.  The  excimer  calorimeter  uses  a  glass 
filter  which  functions  as  a  volume  absorber  that  allows 
collection  of  nanosecond  pulses  of  laser  radiation  with- 
out suffering  damage.  The  measurement  range  of  the 
calorimeters  is  0.3-25  J,  but  can  be  extended  to  1  mJ 
with  beamsplitters.  Electrical  calibration  of  the 
calorimeters  shows  a  standard  deviation  in  the  calibra- 
tion factor  of  less  than  0.5  percent  for  entire  energy 
range.  The  total  uncertainty  of  typical  power  and  en- 
ergy meter  calibrations  is  approximately  2  percent. 
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The  focusing  of  atoms  to  nanometer-scale  dimensions 
by  a  near-resonant  standing-wave  light  field  is  exam- 
ined from  a  particle  optics  perspective.  The  classical 
equation  of  motion  for  atoms  traveling  through  the  lens 
formed  by  a  node  of  the  standing  wave  is  derived  and 
converted  to  a  spatial  trajectory  equation.  A  paraxial 
solution  is  obtained,  which  results  in  simple  expres- 
sions for  the  focal  properties  of  the  lens,  useful  for  esti- 
mating its  behavior.  Aberrations  are  also  discussed, 
and  an  exact  numerical  solution  of  the  trajectory  equa- 
tion is  presented.  The  effects  on  focal  linewidth  of  an- 
gular collimation  and  velocity  spread  in  the  atomic 
beam  are  investigated,  and  it  is  shown  that  angular  col- 
limation has  much  more  significant  effect  than  velocity 
spread,  even  when  the  velocity  spread  is  thermal. 
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An  efficient  vector  formulation  and  corresponding 
quasi-vector  formulation  for  the  analysis  of  optical 
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waveguides  are  presented.  The  proposed  method  is 
applicable  to  a  large  class  of  optical  waveguides  with 
general  refractive  index  profile  in  a  finite  region  of  arbi- 
trary shape  and  surrounded  by  a  homogenous  clad- 
ding. The  vector  formulation  is  based  on  Galerkin's 
procedure  using  Hermite-Gauss  basis  functions.  It  is 
shown  that  use  of  Hermite-Gauss  basis  functions  leads 
to  a  significant  increase  in  computational  efficiency 
over  trigonometric  basis  functions.  The  quasi-vector 
solution  is  obtained  from  the  standard  scalar  formula- 
tion by  including  a  polarization  correction.  The  accu- 
racy of  the  scalar,  vector,  and  quasi-vestor  solutions 
is  demonstrated  by  comparison  with  the  exact  solution 
for  the  fundamental  mode  in  a  circular  fiber.  Compari- 
son of  the  model  solutions  obtained  with  the  various 
methods  for  optical  wave-guides  with  square,  rectan- 
gular, circular,  and  elliptical  core  demonstrate  the  ac- 
curacy and  advantage  of  the  quasi-vector  solution. 
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A  cryogenic  bolometer  has  been  developed  for  use  as 
a  transfer  standard  in  an  ambient  temperature  infrared 
detector  response  comparator  facility  at  the  National 
Institute  of  Standards  and  Technology  (NIST).  Issues 
affecting  calibration  of  the  bolometer  response  were 
studied  and  a  calibration  procedure  was  developed. 
These  issues  included  frequency  dependence,  stabil- 
ity, repeatability,  and  spectral  flatness.  The  relative 
spectral  response  as  determined  from  the  reflectance 
of  the  bolometer  absorber  and  the  transmittance  of  the 
bolometer  window.  The  bolometer  calibration  has  been 
tied  to  the  NIST  primary  standard  High  Accuracy  Cryo- 
genic Radiometer  (HACR)  using  a  silicon  trap  detector 
and  a  pyroelectric  detector. 
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The  authors  derive  an  analytic  formula  for  the  transmit- 
tance of  a  dielectric  lamella  when  the  interference  be- 
tween successive  internal  reflections  is  only  partially 
spatially  coherent.  This  allows  effects  such  as  surface 
roughness  and  nonparallelism,  which  produce  cumu- 
lative distortions  in  the  phase  front  with  each  reflection, 
and  which  result  in  a  loss  of  fringe  contrast  at  high  fre- 
quencies, to  be  accounted  for  quantitatively.  The  trans- 
mittance of  a  Si  lamella  agrees  with  the  authors'  for- 
mula to  within  the  accuracy  of  the  data,  which  is  domi- 
nated by  systematic  instrumental  effects. 
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Interlaboratory  measurement  comparisons,  dealing 
with  geometrical  parameters  of  optical  fibers,  fiber 
coatings,  and  fiber  connector  ferrules  (including  steel 
pin  gages  used  to  determine  ferrule  inside  diameter), 
have  been  coordinated  by  National  Institute  of  Stand- 
ards and  Technology  (NIST).  The  international  fiber 
(glass)  geometry  comparison  showed  better  agree- 
ment among  participants,  for  all  measured  parameters, 
than  in  previous  comparisons.  Many  participants'  test 
set  were  calibrated  for  fiber  cladding  diameter  meas- 
urements by  means  of  calibration  artifacts  from  NIST 
or  other  national  standards  laboratories:  there  was  sig- 
nificantly better  agreement  among  those  participants 
than  among  participants  whose  test  sets  were  not  cali- 
brated. NIST  is  developing  ferrule,  pin  gage,  and  coat- 
ing calibration  artifacts. 
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The  authors  have  conducted  a  detailed  study  of  the 
thermal  stability  of  Bragg  gratings  written  in  hydrogen- 
loaded  and  unloaded  germanium-doped  optical  fiber. 
Interference  of  either  continuous-wave  or  pulsed  ultra- 
violet light  was  used  to  induce  the  index  modulation 
gratings.  Some  gratings  were  kept  at  room  tempera- 
ture and  others  were  annealed  at  fixed  temperatures 
for  10-20  h.  For  temperatures  between  room  tempera- 
ture and  350  degrees  C,  gratings  in  the  hydrogen-load- 
ed fiber  showed  significantly  greater  decay  than  those 
in  the  unloaded  counterpart.  The  ultraviolet-induced 
index  modulation  in  hydrogen-loaded  fiber  was  re- 
duced by  40%  after  10  h  at  176  degrees  C,  whereas 
it  was  reduced  by  only  5%  in  unloaded  fiber  under  the 
same  conditions.  The  annealing  behavior  of  gratings 
written  using  the  pulsed  source  was  identical  to  that 
of  gratings  written  with  the  continuous-wave  source, 
and  the  thermal  stability  of  gratings  in  hydrogen-loaded 
fiber  did  not  depend  on  the  magnitude  of  the  index 
modulation. 
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The  authors  have  conducted  a  comparison  of  the  UV 
photosensitivity  of  optical  fiber  with  the  blue  fluores- 
cence emitted  during  the  exposure.  In  a  survey  of  ten 
non-hydrogen-loaded  germanium-doped  fibers,  the 
authors  measured  the  UV  photosensitivity  and  mon- 
itored the  blue  fluorescence  during  the  growth  of  fiber 
gratings.  The  authors'  goal  was  to  determine  whether 
the  initial  fluorescence,  or  the  change  in  the  fluores- 
cence during  exposure,  is  correlated  with  the  index 
change.  This  provides  insight  into  the  underlying  phys- 
ical mechanism  of  UV-induced  index  change  and  also 
determines  whether  the  blue  fluorescence  can  be  used 
as  an  indicator  of  the  photosensitivity  of  a  fiber. 
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The  energy  shifts  caused  by  intense  laser  radiation  (10 
to  the  8th  power  to  10  to  the  10th  power  W/sq.  cm) 
are  investigated  for  several  high-lying  levels  of  calcium 
in  order  to  determine  the  ac  Stark  shift  of  a  loosely 
bound  electron  in  a  strong  electromagnetic  field.  En- 
ergy shifts  are  measured  for  the  closely  spaced  levels 
4s9s  1S0.  4s8d  1D2.  4s10s  1S0.  and  3d5s  1d2  by 
using  resonance  ionization  spectroscopy.  The  levels 
associated  with  Rydberg  configurations  show  the  ex- 
pected pondermotive  energy  shifts,  but  the  3d5s  1D2 
shift  is  approximately  half  as  large  as  the 
ponderomotive  shifts. 
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The  organic  phosphor  p-terphenyl  is  used  as  a  wave- 
length-converter coating  in  some  soft-x-ray  detectors. 
The  authors  have  measured  the  absolute 
photoluminescent  efficiency  of  p-terphenyl  as  a 
functon  of  incident  photon  energy  from  36  to  191  eV. 
The  authors  have  also  measured  changes  in  the  effi- 
ciency caused  by  soft-x-ray  fluence  (total  photons  ab- 
sorbed per  unit  area)  at  several  photon  energies  in  this 
range.  The  authors  find  that  efficiency  drops  rapidly  as 
a  function  of  fluence,  with  the  rate  of  decrease  increas- 
ing with  higher  soft-x-ray  energies. 
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Multilayers  prepared  with  electrically  isolated  or 
grounded  surfaces  during  deposition  are  shown  to 
have  dramatically  different  hard-x-ray,  soft-x-ray,  and 
neutron  reflectivity  characteristics.  The  effect  has  been 
observed  for  (100)  silicon  wafers,  fused  silica,  and  bo- 
rate glass  substrates  of  different  sizes  and  with  dif- 
ferent surface  roughness  and  flatness  for  multilayer 
structures  prepared  by  rf  and  dc  magnetron  sputtering. 


04,366 

PB96-1 59744  Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL), 
Gaithersburg,  MD.  Electron  and  Optical  Physics  Div. 
New  Method  for  Achieving  Accurate  Thickness 
Control  for  Uniform  and  Graded  Multilayer  Coat- 
ings on  Large  Flat  Substrates. 
Final  rept. 

G.  Gutman,  J.  Keem,  K.  Parker,  C.  Tarrio,  J.  L. 
Wood,  and  R.  Watts.  1993,  11  p. 
Pub.  in  Conference  on  Multilayer  and  Grazing  Inci- 
dence X-ray/EUV  Optics  for  Astronomy  and  Projection 
Lithography,  No.  1742,  San  Diego,  CA.,  July  19-22, 
1992,  p373-381. 

Keywords:  "Deposition,  "Soft  x  ray,  Multilayer,  Sputter- 
ing, Uniformity,  Reprints. 

High  performance  in  normal  incidence  Soft  X-Ray  opti- 
cal systems  requires  accurate  control  of  the  d-spacing 
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across  the  surface  of  each  mirror  in  the  system.  As  a 
first  step  towards  being  able  to  fabricate  any  desired 
d-spacing  variation,  the  authors  demonstrate  the  ability 
to  produce  large  (25  mm  x  150  mm)  flat  Mo/Si  multi- 
layer coated  mirrors  with  a  d-spacing  uniformity  of  +/ 
-0.4%.  Instead  of  applying  the  approach  most  often 
taken  to  minimize  the  d-spacing  variation  physical 
shielding  of  the  deposition  source,  the  authors  use  a 
mask  with  a  corrected  profile  positioned  just  in  front 
of  the  rotating  substrate  to  compensate  for  the  non- 
uniform deposition  flux.  Results  obtained  from  hard 
(lambda  =  0.154nm)  and  soft  (wavelength  of  interest) 
X-Ray  mapping  of  the  surface  are  presented  along  with 
a  discussion  of  the  technique  used  to  control  the  d- 
spacing  distribution. 
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In  response  to  the  needs  of  the  emerging  field  of  nor- 
mal incidence,  soft  X-ray  optics,  a  field  with  applica- 
tions ranging  from  extreme  ultraviolet  (XUV)  solar  im- 
aging to  X-ray  lithography,  the  National  Institute  of 
Standards  and  Technology  (NIST)  has  initiated  an 
XUV  multilayer  and  optical  substrate  characterization 
program.  In  this  paper,  we  give  an  overview  of  the 
present  capabilities  of  the  NIST  facility  and  discuss 
some  of  the  proposed  improvements,  concentrating  on 
the  new  soft  X-ray  reflectometry  facility  being  built  at 
the  SURF-II  electron  storage  ring. 
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In  response  to  the  metrology  needs  of  the  soft  X-ray 
community,  the  National  Institute  of  Standards  and 
Technology  (NIST)  has  initiated  a  program  devoted  to 
the  characterization  of  multilayer  coated  optics  in  the 
4  -  40  nm  region.  In  this  paper,  we  describe  the  syn- 
chrotron based  XUV  reflectometers  in  use  and  under 
construction  at  NIST.  We  review  the  characteristics  of 
the  Synchrotron  Ultraviolet  Radiation  Facility  storage 
ring  (SURF  II),  dicuss  the  capabilities  of  the  existing 
reflectometry  facility,  and  present  the  final  design  pa- 
rameters, expected  performance,  and  construction  sta- 
tus of  a  new  reflectometry  beam  line. 
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We  have  investigated  the  possibility  of  using  current 
and  voltage  measurements  for  real-time  monitoring 
and  control  of  radio-frequency  discharges.  Specifically, 


we  have  equipped  a  Gaseous  Electronics  Conference 
(GEC)  rf  Reference  Cell  with  a  computer-controlled 
measurement  system  that  samples  the  voltage  and 
current  waveforms  at  the  cell  power  input  and  Fourier 
analyzes  these  waveforms  to  obtain  the  amplitude  and 
phase  of  their  fundamental  and  harmonic  components. 
The  system  accounts  for  errors  introduced  by  the  stray 
impedance  of  the  cell,  yielding  corrected  values  that 
more  accurately  reflect  the  values  of  voltage  and  cur- 
rent at  electrode  surfaces  in  contact  with  the  plasma. 
These  corrected  values  are  monitored  to  reveal 
changes  in  fundamental  plasma  parameters  such  as 
shealth  voltages,  shealth  fields,  and  shealth  (dark 
space)  thickness.  Futhermore,  the  corrected  values 
serve  as  better  control  parameters  than  the  raw  values 
of  voltage,  current  or  power,  measured  externally.  The 
time  required  for  the  acquisition  and  analysis  of  a  pair 
of  current  and  voltage  waveforms  is  approximately  one 
second,  making  these  measurements  suitable  for  real- 
time sensing  and  control  applications. 
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Measurements  of  the  scattered  light  intensity  from  indi- 
vidual droplets  illuminated  by  focused  Gausssian  laser 
beams  are  presented.  The  results  are  compared  with 
both  the  generalized  Lorenz-Mie  theory  and  classical 
Lorenz-Mie  theory  of  elastic  scattering.  The  data  are 
shown  to  be  consistent  with  the  generalized  theory. 
Besides  experimental  results,  computations  indicate 
that  differences  between  the  two  theoretical  ap- 
proaches exist.  It  is  shown  that  for  sufficiently  small 
beam  diameter,  characteristic  of  focused  laser  be- 
tween the  two  theoretical  approaches  exist.  It  is  shown 
that  for  sufficiently  small  beam  diameter,  characteristic 
of  focused  laser  beam  illumination,  the  departure  of 
elastic  scattering  from  that  predicted  by  the  classical 
Lorenz-Mie  Theory  can  be  significant. 
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We  have  studied  population  trapping  in  a  one-dimen- 
sional model  interacting  with  a  short-pulse  high-inten- 
sity laser,  using  Floquet  analysis  and  direct  numerical 
integration  of  the  time-dependent  Schrodinger  equa- 
tion for  a  range  of  peak  pulse  intensities.  We  find  that 
photoelectrons  are  efficiently  produced  only  by  pulses 
whose  peak  intensities  lie  in  a  narrow  range  around 
the  resonant  intensity  for  a  given  intermediate  state. 
Excited-state  populations,  however,  are  generated 
throughout  a  larger  volume  than  are  photoelectrons. 
Interpretations  of  recent  experiments  are  examined  in 
light  of  this  result. 
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A  double-modulation  photoreflectance  (PR)  procedure 
is  presented,  where  both  the  probe  and  pump  beams 
are  modulated,  and  the  photoreflectance  signal  can  be 
isolated  from  the  luminescence  and  the  scattered 
pump  beam  signals.  The  PR  signal  is  separated  from 
the  other  two  signals  through  detection  at  the  sum  fre- 
quency. A  careful  choice  of  frequencies  and  specially 
design  filters  and  tuned  amplifiers  were  needed  to 
achieve  optimum  operation.  A  couple  system,  along 
with  the  necessary  circuits,  is  presented  and  applied 
to  the  characterization  of  a  highly  luminescent  quan- 
tum-well laser  structure.  The  freedom  allowed  by  such 
a  system  to  easily  accommodate  any  pump  wave- 
length is  an  important  feature.  We  have  exploited  this 
added  versatility,  and  the  ordering  of  the  bandgap  of 
the  multiple  layers  required  in  complex  laser  struc- 
tures, to  extract  the  bandgap  and  alloy  composition  of 
each  of  the  constituent  regions  as  well  as  the  built-in 
strain  in  the  pseudomorphic  quantum-well. 
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When  a  specimen  surface  carrying  a  high-frequency 
line  grating  is  examined  under  a  scanning  electron  mi- 
croscope (SEM),  moire  fringes  are  observed  at  several 
different  magnifications.  The  fringes  are  characterized 
by  their  spatial  frequency,  orientation,  and  contrast. 
These  features  of  the  moire  pattern  depend  on  the  spa- 
tial frequency  mismatch  between  the  specimen  grating 
and  the  raster  scan  lines,  the  diameter  of  the  electron 
beam,  and  the  detailed  topography  of  the  lines  on  the 
specimen. 
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The  NIST  luminous  flux  scale  was  last  realized  in  1985 
using  a  goniophotometer.  A  new  theoretical  method  for 
luminous  flux  scale  realization  using  an  integrating 
sphere  has  been  studied  at  NIST.  An  experimental  re- 
alization predicted  sufficient  accuracy  of  this  method 
for  standards  use.  This  method  (called  integrating 
sphere  method)  uses  an  integrating  sphere  with  an 
opening  to  introduce  a  known  amount  of  flux  from  an 
external  source,  which  is  compared  to  the  liminous  flux 
of  an  internal  source  to  be  calibrated. 
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The  irradiances  of  37  spectral  lines  emitted  by  mercury 
pencil-type  lamps  were  measured  by  comparison  with 
calibrated  continuum  sources.  The  lines  span  the  re- 
gion 230  -  590  nm.  For  the  14  most  prominent  lines 
the  absolute  irradiances  should  be  useful  for  radio- 
metric calibrations  at  an  uncertainty  level  of  approx. 
15%  (95%  confidence).  The  ratios  of  the  irradiances 
for  this  same  group  of  lines  are  significantly  more  re- 
producible; they  should  be  useful  at  an  uncertainty 
level  of  approx.  10%. 
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The  wavelengths  of  19  spectral  lines  in  the  region  253- 
579  nm  emitted  by  Hg  pencil-type  lamps  were  meas- 
ured by  Fourier-transform  spectroscopy.  Precise  cali- 
bration of  the  spectra  was  obtained  with  wavelengths 
of  198  Hg  as  external  standards.  Our  recommended 
values  should  be  useful  as  wavelength-calibration 
standards  for  moderate  resolution  spectrometers  at  an 
uncertainty  level  of  0.0001  nm. 
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Wave-front  or  surface  errors  may  be  divided  into  rota- 
tional symmetric  and  nonrotationally  symmetric  terms. 
It  is  shown  that  if  either  the  test  part  or  the  reference 
surface  in  an  interferometric  test  is  rotated  to  N  equally 
spaced  positions  about  the  optical  axis  and  the  result- 
ing wave  fronts  are  averaged,  then  errors  in  the  rotated 
member  with  angular  orders  that  are  not  interger  mul- 
tiples of  the  number  of  positions  will  be  removed. 
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A  high-accuracy  cryogenic  radiometer  has  been  devel- 
oped at  the  National  Institute  of  Standards  and  Tech- 
nology to  serve  as  a  primary  standard  for  optical  power 
measurements.  This  instrument  is  an  electrical-substi- 
tution radiometer  that  can  be  operated  at  cryogenic 
temperatures  to  achieve  a  relatively  standard  uncer- 
tainty of  0.021%  at  an  optical  power  level  of  0.8  mW. 
The  construction  and  operation  of  the  high-accuracy 
cryogenic  radiometer  and  the  uncertainties  in  optical 
power  measurements  are  detailed. 
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We  describe  a  method  for  cooling  magnetically  trapped 
87Rb  atoms  by  irreversibly  cycling  the  atoms  between 
two  trapped  states.  The  cooling  force  is  proportional 
to  gravity.  The  atoms  are  cooled  to  1 .5  micro  K  in  the 
vertical  dimension.  We  have  extended  this  cooling 
method  to  two  dimensions  through  anharmonic  mixing, 
achieving  a  factor  of  25  increase  in  the  phase  space 
density  over  an  uncooled  sample.  The  cooling  method 
should  be  an  important  intermediate  step  toward 
achieving  a  Bose-Einstein  condensate  of  Rb  atoms. 
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A  computer  controlled  optical  thermometer  has  been 
built  to  demonstrate  a  self-calibrating  optical  sensor. 
The  self-calibrating  thermometers  records  the  tem- 
perature with  a  fiber-optic  polarimetric  temperature 
sensor.  The  wavelength  sensitivity  of  the  polarimetric 
sensor  is  used  to  facilitate  the  recalibration.  The  sys- 
tem contains  an  optical  source  which  can  be  tuned 
over  approximately  a  9  nm  wavelength  range,  and  a 
monochromator  to  measure  any  shifts  in  the  wave- 
length of  the  laser.  The  monochromator  is  calibrated 
with  the  spectrum  of  a  neon  discharge  lamp. 
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We  present  in  the  paper  a  low  threshold,  highly  stable, 
integrated  fiber  laser  cavity  that  uses  an  electronically 
tunable  internal  Bragg  grating.  The  fiber  laser  pro- 
duced over  5  mW  with  a  spectral  width  of  about  5  GHz 
at  1083  nm.  The  laser  was  used  to  achieve  30%  polar- 
ization of  the  23S1  metastable  states  of  4He  in  a  weak 
rf  discharge  cell.  (Copyright  (c)  1996  American  Institute 
of  Physics.) 
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Advancements  in  the  performance  and  ease  of  use  of 
absolute  photodetectors  based  upon  electrical  substi- 
tution principals  offers  the  possibility  of  a  simplified  and 
more  accurate  way  to  transfer  the  fundamental  radio- 


metric, photometric,  and  pyrometric  units  from  NIST  to 
the  U.S.  technical  establishment.  The  history  of  elec- 
trical substitution  radiometers  at  NIST  is  briefly  re- 
viewed and  the  implementation  of  the  latest  generation 
absolute  cryogenic  radiometer  is  discussed.  Proce- 
dures to  maintain  fundamental  units  based  upon  a  de- 
tector approach  are  reviewed  in  a  general  way  with  ref- 
erences to  the  technical  literature  for  detailed  discus- 
sion. It  is  proposed  that  NIST  customers  consider 
adopting  the  suggestions  made  in  this  technical  note 
to  simplify  and  improve  their  optical  radiation  based 
calibrations. 
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Measurements  of  polarization  mode  dispersion  (PMD) 
and  nonlinear  processes  in  optical  fibers  are  two  of  the 
major  topics  in  this  digest  of  papers  presented  at  the 
ninth  Symposium  on  Optical  Fiber  Measurements, 
Held  October  1-3,  1996,  at  the  laboratories  of  the  Na- 
tional Institute  of  Standards  and  Technology  in  Boul- 
der, Co.  Summaries  of  all  the  papers  presented  at  the 
Symposium-10  invited  and  39  contributed-are  in- 
cluded. The  statistical  nature  of  PMD  complicates  its 
measurement  and  makes  verification  of  accuracy  dif- 
ficult. This  is  reflected  in  the  content  of  the  papers, 
many  of  which  focus  on  comparisons  of  measurement 
techniques.  In  wavelength  division  multiplexed  sys- 
tems employing  optical  amplification,  high  powers  can 
be  lead  to  problems  from  nonlinear  processes  such  as 
Brillouin  scattering  and  four-wave  mixing.  The  impor- 
tance of  these  issues  is  seen  by  the  inclusion  of  sev- 
eral papers  regarding  the  measurement  of  nonlinear 
coefficients  and  effective  area.  Strong  international 
participation  has  been  maintained,  as  about  two  thirds 
of  the  paper  in  this  digest  originated  outside  of  the  Unit- 
ed States. 
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The  authors  have  developed  a  nonlinear  model  of  a 
commercial  optical  instrument  for  measuring  the  root- 
mean-square  slopes  of  rough  surfaces.  The  model  im- 
proves upon  previous  ones  in  that  it  accounts  for  cer- 
tain instrumental  factors  which  affect  the  optical  rough- 
ness measurements. 
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Light-scattering  techniques  have  become  important 
tools  for  the  study  of  surface  finish,  and  several  such 
techniques  have  been  developed.  The  choice  de- 
pends, among  other  factors,  upon  the  degree  of  rough- 
ness: for  very  smooth  surfaces  a  technique  such  as 
total  integrated  scatter  can  be  used,  while  for  rougher 
surfaces  angle-resolved  light  scattering  should  be  ap- 
plicable. In  the  paper,  the  authors  discuss  some  of  the 
work  being  conducted  at  the  National  Institute  of 
Standards  and  Technology  which  applies  laser  light 
scattering  to  the  measurement  and  understanding  of 
the  topographic  properties  of  moderately  rough  sur- 
faces. 
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Interferometers  offer  rapid  full  aperture  measurement 
of  optics.  Flats,  spheres  and  conies  can  be  measured 
to  high  accuracy  with  computer  controlled  systems 
using  high  density  detectors.  In  principle,  aspheres  that 
depart  from  the  base  sphere  or  conic  by  several  mi- 
crometers could  also  be  measured.  The  paper  dem- 
onstrates that  substantial  errors  may  be  incurred  and 
describes  simple  tests  to  evaluate  the  scale  of  those 
errors.  The  paper  then  discusses  the  error  sources  and 
presents  a  method  for  compensating  for  those  errors. 

04.387 

PB97-110548       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (MEL), 
Gaithersburg,  MD.  Precision  Engineering  Div. 
Light  Scattering  by  Sinusoidal  Surfaces:  Illumina- 
tion Windows  and  Harmonics  in  Standards. 
Final  rept. 

E.  Marx,  T.  R.  Lettieri,  and  T.  V.  Vorburger.  1995, 
9p. 

Pub.  in  Applied  Optics,  v34  n7  p1 260-1 277  Mar  95. 

Keywords:  'Light  scattering,  'Sinusoidal  surfaces, 
Windowing  effects,  Harmonics,  Bidirectional  reflec- 
tance. Distribution  function,  Reprints,  Angle-resolved 
scattering. 

Sinusoidal  surfaces  can  be  used  as  material  standards 
to  help  calibrate  instruments  that  measure  the  angular 
distribution  of  the  intensity  of  light  scattered  by  arbitrary 
surfaces,  because  the  power  in  the  diffraction  peaks 
varies  over  several  orders  of  magnitude.  The  cal- 
culated power  in  the  higher-order  diffraction  peaks 
from  sinusoidal  surfaces  expressed  in  terms  of  Bessel 
functions  is  much  smaller  than  the  values  determined 
from  angular  distributions  that  are  measured  or  com- 
puted from  measured  profiles,  both  of  which  are  deter- 
mined mainly  by  the  harmonic  contents  of  the  profile. 
The  finite  size  of  the  illuminated  area,  represented  by 
an  illumination  window,  gives  rise  to  a  background  that 
is  much  larger  than  the  calculated  power  in  the  higher- 
order  peaks.  For  a  rectangular  window  of  a  size  equal 
to  an  even  number  of  periods  of  the  sinusoid,  a  com- 
putation of  the  power  distribution  produces  minima  at 
or  near  the  location  of  the  diffraction  angles  for  higher- 
order  diffraction  angles. 
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The  study  of  light  scattered  by  sinusoidal  surfaces 
shows  that  such  a  configuration  can  be  used  as  a  ma- 
terial standard  to  help  calibrate  instruments  that  meas- 
ure the  BRDF  of  arbitrary  surfaces.  Measured  and 
computed  values  of  the  power  scattered  into  the  dif- 
fraction peaks  show  good  agreement,  and  such  cal- 
culations can  be  further  improved  and  used  to  verify 
the  standards. 
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A  window  function  is  used  to  represent  the  variation 
in  the  intensity  of  the  radiation  in  a  light  beam. 
Windowing  effects  are  factored  into  computations  of 
the  angular  distribution  of  light  scattered  by  a  sinusoi- 
dal surface.  These  effects,  as  well  as  those  of 
harmonics  and  noise,  are  shown  for  the  angular  dis- 
tributions computed  from  simulated  profiles.  The  inte- 
grated power  in  each  diffraction  peak  computed  for 
perfect  sinusoids,  measured  profiles,  and  simulated 
profiles  with  different  window  functions  is  compared  to 
that  of  a  measured  angular  distribution. 
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The  authors  show  that  a  laser  diode  can  serve  as  both 
the  emitter  and  detector  in  a  diffraction-based  mag- 
neto-optic rotation  sensor.  Self-detection  devices  have 
sufficient  linearity  and  stability  for  applications  with  dis- 
crete measurands.  Signal-to-noise  ratios  greater  than 
50  dB  (1  Hz  bandwidth)  are  possible  for  binary 
measurands,  and  a  fiber  optic  rotation  sensor  with  a 
signal-to-noise  ratio  of  18  dB  in  a  1.25  kHz  bandwidth 
is  demonstrated. 
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The  effect  of  a  finite  recoil  on  the  laser  cooling  process 
is  studied  with  a  Monte  Carlo  simulation.  The  authors 
find  non-Maxwell-Boltzmann  velocity  distributions,  and 
mean  energies  no  lower  than  the  recoil  energy. 
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Optical  modeling  on  the  computer  can  aid  R&D  efforts 
to  enhance  metrology  methods,  and  similarly  for  lithog- 
raphy, alignment,  and  particulate  monitoring.  However, 
full  exploitation  of  optical  modeling  is  hindered  by  the 
lack  of  appropriate  benchmarks  for  verifying  algorithms 
and  evaluating  approximations.  To  help  remedy  this 
situation  the  authors  describe  a  preliminary  set  of  sca- 
lar, 2D  numerical  reference  models  (NRMs).  These  in- 
clude isolated  thin  and  thick  lines,  periodic  lines,  and 
an  isolated  trench.  Scattered  fields  are  compared  for 
three  different  solution  methods,  based  on  time-do- 
main finite  elements,  boundary  integrals,  and  a 
waveguide  model.  Correlation  is  good  in  general,  al- 
though important  differences  are  seen  in  both  code  ac- 
curacy and  performance.  NRM  generalizations  are 
suggested  that  accommodate  3D  effects,  imaging,  and 
experiment  verification. 
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A  simple  instrument  for  automatically  controlling  the 
deposition  rate  of  an  electron-beam  evaporator  is  de- 
scribed. The  design  incorporates  a  commercially  avail- 
able, microprocessor  based,  proportional-integral-dif- 
ferential process  controller  that  provides  loop  control 
and  automatic  determination  of  optimal  poportional,  in- 
tegral, and  differential  loop  constants.  A  logarithmic 
amplifier  is  used  to  linearize  the  overall  loop  response. 
The  controller  is  used  in  conjunction  with  a  compact 
electron-beam  heated  evaporator. 
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The  authors  have  investigated  the  effects  of  laser 
bandwidth  on  quantitative  cavity  ring-down  spectros- 
copy using  the  (r)R  transitions  of  the  b(v=0)<-X(v=0) 
band  of  molecular  oxygen.  It  is  found  that  failure  to  ac- 
count properly  for  the  laser  bandwidth  leads  to  system- 
atic errors  in  the  number  of  densities  determined  from 
measured  ring-down  signals.  When  the  frequency-inte- 
grated expression  for  the  ring-down  signal  is  fitted  and 
measured  laser  line  shapes  are  used,  excellent  agree- 
ment between  measured  and  predicted  number  den- 
sities is  found. 
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The  forward  scattering  of  a  Gaussian  laser  beam  by 
a  spherical  particle  located  along  the  beam  axis  is  ana- 
lyzed with  the  generalized  Lorenz-Mie  theory  (GLMT) 
and  with  diffraction  theory.  Forward-scattering  and 
near-foward-scattering  profiles  from 

electrodynamically  levitated  droplets,  51.6  microm- 
eters in  diameter,  are  also  presented  and  compared 
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with  GLMT-based  predictions.  The  total  intensity  in  the 
forward  direction,  formed  by  the  superposition  of  the 
incident  and  the  scattered  fields,  is  found  to  correlate 
with  the  particle-extinction  cross  section,  the  particle 
dimater,  and  the  beam  width.  Based  on  comparison 
with  the  GLMT,  the  diffraction  solution  is  accurate 
when  beam  widths  that  are  approximately  greater  than 
or  equal  to  the  particle  diameter  are  considered  and 
when  large  particles  that  have  an  extinction  efficiency 
near  the  asymptotic  value  of  2  are  considered.  How- 
ever, diffraction  fails  to  describe  the  forward  intensity 
for  more  tightly  focused  beams.  The  experimental  ob- 
servations, which  are  in  good  agreement  with  GLMT- 
based  predictions,  reveal  that  the  total  intensity  profile 
about  the  forward  direction  is  quite  sensitive  to  particle 
axial  position  within  a  Gaussian  beam. 
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This  bibliography  lists  the  publications  of  the  personnel 
of  the  Electromagnetic  Technology  Division  of  NIST 
during  the  period  from  January  1970  through  publica- 
tion of  this  report.  A  few  earlier  references  that  are  di- 
rectly related  to  the  present  work  of  the  Division  are 
also  included.  The  bibiliography  includes  publications 
in  cryoelectronic  metrology  and  superconductor  and 
magnetic  measurements. 
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Using  the  National  Institute  of  Standards  and  Tech- 
nology high-accuracy  cryogenic  radiometer  (HACR), 
the  authors  have  realized  a  scale  of  absolute  spectral 
response  between  406  and  920  nm.  The  HACR,  an 
electrical-substitution  radiometer  operating  at  cryo- 
genic temperatures,  achieves  a  combined  relative 
standard  uncertainty  of  0.021%.  Silicon  photodiode 
light-trapping  detectors  were  calibrated  against  the 
HACR  with  a  typical  relative  standard  uncertainty  of 
0.03%  at  nine  laser  wavelengths  between  406  and  920 
nm.  Modeling  of  the  quantum  efficiency  of  these  detec- 
tors yields  their  responsivity  throughout  this  range  with 
comparable  accuracy. 
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The  authors  report  nearly  simultaneous  measurements 
of  polarization  mode  dispersion  (PMD)  in  various  sam- 
ples of  highly  mode-coupled  single-mode  fiber  using 
the  measurement  methods  of  Jones  matrix 
eigenanalysis  (JME)  and  Fourier-transformed  wave- 
length scanning.  The  ratio  of  the  PMD  values  resulting 
from  these  two  methods  differs  by  approximately  10% 
from  current  theoretical  predictions.  The  measure- 
ments are  verified  by  demonstrating  the  theoretical 


agreement  between  the  JME  and  wavelength  scanning 
extremum  counting  results. 
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Spectraradiometers  and  colorimeters  are  used  in  dis- 
play measurements  to  measure  color  in  one  of  several 
color  space  coordinate  systems.  How  accurately  these 
instruments  can  measure  the  color  coordinates  can  be 
simply  tested  by  using  interference  filtes.  Error  sources 
within  the  measuring  system  are  identified  which  could 
explain  several  observed  anomalies. 
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The  authors  show  that  local  fields  can  increase  the  ro- 
tatory power  rho  of  nonconductors  by  a  factor  of  10- 
-in  contrast  to  the  typical  1 0%  effect  in  other  properties. 
The  authors  present  calculations  for  quartz  and  Se, 
and  a  general  method  to  estimate  the  size  of  local-field 
corrections.  Notably,  only  scalar  local  fields  are  need- 
ed despite  the  vector  character  of  light.  A  self-energy- 
corrected  local-density  band  structure  yields  correc- 
tions to  rho  of  a  factor  of  +7  in  quartz  and  -4  in  Se. 
These  values  are  30%  above  experiment  for  quartz, 
and,  for  one  sign  choice,  within  the  50%  error  bars  for 
Se. 
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The  authors  demonstrate  that  two-dimensional  peri- 
odic dielectric  structures  with  low  index  contrast  give 
rise  to  remarkable,  easily  measurable  photonic  band- 
structure  effects.  The  structures  consist  of  triangular 
arrays  of  glass  cylinders  embedded  in  a  glass  matrix, 
having  centr-to-center  nearest-neighbor  separations 
from  1.08  micrometers  to  0.54  micrometers.  The  cyl- 
inders and  the  matrix  are  composed  of  different  glass- 
es, but  the  difference  between  the  indices  of  refraction 
is  as  low  as  0.02  throughout  the  relevant  spectral  re- 
gion. The  attenuation  features  corresponding  to  the 
boundaries  of  the  first  Brillouin  zone  appear  in  the 
near-infrared,  at  photon  energies  between  0.4  eV  and 
0.9  eV. 
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In  the  pursuit  of  the  general  goal  to  provide  essential 
atomic  radiation  and  collision  data  for  the  fusion  energy 
program,  the  following  progress  was  achieved  at  NIST 
during  FY  92:  (1 )  identification  of  spectral  lines  of  impu- 
rity in  ions  (from  Er  to  Bi);  (2)  spectroscopic  data  com- 
pilations of  critically  evaluated  wavelengths  and  energy 
levels  of  atoms  and  ions;  (3)  electron-ion  collision  ex- 
periments; (4)  electron  impact  excitation  theory;  and 
(5)  electron-impact  ionization  theory. 
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The  object  of  this  research  was  to  use  the  GDL  laser 
at  the  Laboratory  for  Laser  Energetics  at  the  University 
of  Rochester  to  measure  the  energies  of  spectral  tran- 
sitions that  would  be  of  importance  for  testing  the  accu- 
racy of  calculations  used  to  predict  properties  of  plas- 
mas found  in  inertial  fusion  experiments  as  well  as  in 
tokamaks  and  x-ray  lasers.  The  general  method  to  be 
used  for  this  experiment  was  to  focus  the  beam  from 
the  GDL  laser  to  a  small  point  so  as  to  create  a  laser- 
produced  plasma  of  the  material  of  interest.  Light  from 
the  plasma  was  to  be  photographed  with  a  2.2-m  graz- 
ing incidence  spectrograph  transported  to  Rochester 
from  NIST.  The  region  of  observation  was  10-300 
angstroms.  In  the  initial  phase  of  the  work,  a  series  of 
spectrograms  were  made  of  highly  ionized  iron.  For 
this,  a  special  target  chamber  was  fabricated  at  NIST 
and  interfaced  to  the  light  beam  from  the  GDL  laser. 
The  results  for  iron  provided  valuable  data  for  Li-like 
iron,  Fe(sup  23+).  Fig.  2  shows  an  example  of  the 
spectrum  obtained  in  the  region  of  30-40  angstroms. 
The  lower  spectrum  shows  intense  lines  of  Fe(sup 
23+),  obtained  by  focusing  the  GDL  beam  tightly  onto 
the  target  surface.  For  the  upper  spectrum  the  GDL 
beam  was  focused  slightly  in  front  of  the  target,  pro- 
ducing lines  of  Fe(sup  23+)  that  are  much  reduced  in 
intensity.  The  lines  of  Fefsup  23+)  in  the  30-40  ang- 
strom region  were  observed  for  the  first  time  in  this  ex- 
periment. Measurement  of  their  wavelengths  provided 
the  following  comparison  with  ab  initio  values  cal- 
culated with  the  Dirac-Fock  quantum  mechanics  com- 
puter code  of  Desclaux.  After  completing  the  observa- 
tions for  Li-like  iron,  the  GDL  laser  was  shut  down  for 
the  planned  upgrade  to  much  higher  energy.  Extensive 
work  was  undertaken  to  interface  the  NIST  target 
chamber  to  the  30-cm-diameter  beam  of  the  upgraded 
GDL  laser.  The  NIST  system  is  now  ready  for  use  with 
the  upgraded  GDL  laser. 
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A  'reference  cell'  for  generating  radio-frequency  (rf) 
glow  dicharges  in  gases  at  a  frequency  of  13.56  MHz 
is  described.  The  reference  cell  provides  an  experi- 
mental platform  for  comparing  plasma  measurements 
carried  out  in  a  common  reactor  geometry  by  different 
experimental  groups,  thereby  enhancing  the  transfer  of 
knowledge  and  insight  gained  in  rf  discharge  studies. 
The  results  of  performing  ostensibly  identical  measure- 
ments on  six  of  these  cells  in  five  different  laboratories 
are  analyzed  and  discussed.  Measurements  were 
made  of  plasma  voltage  and  current  characteristics  for 
discharges  in  pure  argon  at  specific  values  of  applied 
voltages,  gas  pressures,  and  gas  flow  rates.  Data  are 
presented  on  relevant  electrical  quantities  derived  from 
Fourier  analysis  of  the  voltage  and  current  wave  forms. 
Amplitudes,  phase  shifts,  self-bias  voltages,  and  power 
dissipation  were  measured. 
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Some  key  physical  aspects  of  the  inertial  confinement 
fusion  (ICF)  are  discussed.  The  minimum  scale  of  ICF 
microexplosions  is  determined  by  the  ability  to  implode 
spherical  shells  with  high  radial  convergence  ratios 
C(R)  and  high  initial  aspect  ratios  A(RO).  The  attain- 
able values  of  C(R)  are  limited  by  large-scale  drive 
asymmetries,  while  the  values  of  A(RO)  are  con- 
strained by  the  Rayleigh-Taylor  instability.  Under  the 
indirect  drive  approach  to  ICF,  it  is  easier  to  achieve 
the  required  uniformity  of  the  drive  pressure,  but  the 
penalty  is  a  factor  4-5  reduction  of  the  target  energy 
gain  as  compared  to  the  direct  drive  option.  Spark  igni- 
tion is  a  crucial  issue  for  indirect  drive  targets  (at  least 
for  those  to  be  used  in  power  reactors),  while  the  tar- 
gets driven  directly  by  heavy  ion  beams  could,  in  prin- 
ciple, use  a  less  demanding  volume  ignition  scheme. 
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A  mass  spectrometer  equipped  with  an  electrostatic 
ion  energy  analyzer  has  been  used  to  measure  the  ki- 
netic-energy distributions  of  ions  sampled  through  an 
orifice  in  the  grounded  electrode  of  a  parallel-plate 
radio-frequency  (RF)  discharge  cell.  Kinetic-energy 
distributions  are  presented  for  Ar(1+),  Ar2(1+),  Ar(2+), 
He(1+),  and  ArHe(1+)  sampled  from  argon-helium 
plasmas  with  helium  concentrations  ranging  from  0-95 
mole  percent,  applied  peak-to-peak  RF  voltages  of  200 
V,  and  gas  pressures  of  13.3  Pa.  Variations  in  the  ion 
kinetic-energy  distributions  and  ion  fluxes  observed  for 
different  gas  mixtures  demonstrate  the  ability  of  this  di- 
agnostic technique  to  monitor  plasma  conditions  and 
to  investigate  the  ion  kinetic  processes  occurring  in  the 
system. 
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Magnetic  dipole  (M1)  lines  above  2,500  A  are  conven- 
ient diagnostic  tools  for  high-energy,  low-density  plas- 
mas such  as  those  of  tokamaks.  We  found  a  sequence 
of  such  lines  arising  from  transitions  between  two  lev- 
els of  the  3d(4)  quintet  D  ground  term  of  titanium-like 
ions.  From  Nd  XXXIX  to  U  LXXI,  the  calculated  wave- 
lengths range  from  3,557  to  3,200  A  with  ionization  en- 
ergies of  2.7  to  8.2  keV.  These  lines  have  transition 
rates  of  480  to  262/sec.  The  calculations  were  made 
with  the  multiconfiguration  Dirac-Fock  code  of 
Desclaux  (J.  Phys.  B  20,  651  (1987)). 
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As  a  rule,  hydrogen  and  hydrogen-like  systems  are  the 
most  sensitive  to  collisional  Stark  broadening  in  plas- 
mas. The  l-degeneracy  in  hydrogen  gives  rise  to  a  first- 
order  Stark  effect.  This  same  fact  accounts  for  the 
long-range  of  the  interaction  between  the  hydrogenic 
radiator  and  the  charged  perturbers  in  the  plasma,  and 
thus  for  the  fact  that  strong  ion  collisions  which  overlap 
in  time  are  likely  to  occur,  except  at  very  low  densities. 
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Kinetic-energy  distributions  have  been  measured  for 
different  mass-selected  ions  sampled  from  13.56  MHz 
rf  glow  discharges  in  argon  inside  a  'GEC  rf  reference 
cell.'  The  electrode  geometry  of  this  cell  produces  an 
asymmetric  discharge  and  the  cell  is  operated  in  a 
pressure  regime  where  ion-molecule  collisions  in  the 
sheath  region  of  the  discharge  are  significant.  Ions  are 
sampled  from  the  side  of  the  plasma  perpendicular  to 
the  interelectrode  axis  using  an  electrostatic  energy 
analyzer  coupled  to  a  quadrupole  mass  spectrometer. 
Kinetic-energy  distributions  for  Ar(+),  Ar2(+),  Ar(++), 
and  ArH(+)  are  presented  as  functions  of  applied  rf 
voltage,  gas  pressure,  and  distance  of  the  mass  spec- 
trometer entrance  aperture  from  the  edge  of  the  elec- 
trodes. 
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The  status  of  spectroscopic  data  for  neutral  atoms  and 
moderately  charged  atomic  ions  of  interest  to  fusion 


edge  plasmas  is  reviewed.  A  table  is  presented  which 
lists  references  to  all  current  critical  compilations  on 
energy  levels,  wavelengths  and  transition  probabilities. 
The  critical  assessment  of  spectroscopic  data  is  dis- 
cussed mainly  with  respect  to  atomic  transition  prob- 
abilities, as  the  typical  uncertainties  for  these  are  still 
quite  large.  For  the  specific  case  of  neutral  iron  and 
its  low  ions  (Fe  I  -  Fe  V),  the  scope  and  quality  of  evalu- 
ated spectroscopic  data  is  discussed  in  detail. 


04,411 

PB95-151577       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (NML), 

Gaithersburg,  MD.  Atomic  and  Plasma  Radiation  Div. 

Spectroscopic  Diagnostics  of  Low  Temperature 

Plasmas:  Techniques  and  Required  Data. 

Final  rept. 

W.  L.  Wiese.  1991,  11  p. 

Pub.  in  Spectrochimica  Acta  B  46,  n6-7  p831-841 
1991. 

Keywords:  'Cold  plasmas,  'Plasma  diagnostics, 
'Spectroscopic  analysis,  Atomic  spectroscopy,  Transi- 
tion probabilities,  Electron  density,  Stark  effect,  Argon, 
Iron,  Reprints. 

An  overview  of  plasma  diagnostic  techniques  based  on 
atomic  spectroscopy,  interferometry,  and  laser  scatter- 
ing is  given.  Two  widely  used  spectroscopic  tech- 
niques-the  Boltzmann-plot  or  slope  method  for  exci- 
tation temperature  measurements,  and  Stark  width  de- 
terminations for  electron  density  measurements-are 
discussed  in  detail.  As  these  techniques  depend  criti- 
cally on  the  availability  of  accurate  atomic  data,  specifi- 
cally transition  probabilities  and  Stark  broadening  pa- 
rameters, the  numerical  data  are  reviewed  with  respect 
to  availability  and  quality.  For  the  important  spectra  of 
Ar  I  and  Fe  I,  tables  of  the  most  accurate  available  tran- 
sition probabilities-typically  with  uncertainties  of  +  or 
-  10%  or  less-are  given,  which  are  based  on  very  re- 
cent critical  compilations.  Some  specific  data  needs 
are  pointed  out  which  would  significantly  contribute  to 
improve  the  accuracy  of  the  diagnostic  techniques. 
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The  authors  have  investigated  the  use  of  radio-fre- 
quency (rf)  current  and  voltage  measurements  to  mon- 
itor the  electrical  characteristics  of  rf  plasmas  and  to 
predict  changes  in  ion  kinetic  energy  distributions. 
These  studies  were  performed  at  2.7  and  13.3  Pa  (20 
and  100  mTorr)  in  a  Gaseous  Electronics  Conference 
(GEC)  RF  Reference  Cell  in  mixtures  of  argon  with  ox- 
ygen, nitrogen  and  water.  Simultaneous  with  the  elec- 
trical measurements,  the  kinetic  energy  distributions  of 
ions  at  the  grounded  electrode  were  obtained  using  a 
mass  spectrometer  equipped  with  an  ion  energy  ana- 
lyzer. It  is  expected  that  the  measurement  techniques 
described  here  could  be  extended  to  monitor  the 
sheath  above  a  wafer  during  plasma  etching  to  obtain 
information  about  changes  in  the  condition  of  the  wafer 
surface  and  energies  of  ions  bombarding  it. 
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Results  are  reported  from  measurements  of  the  kinetic 
energy  distributions  of  mass  selected  ions  from  diffuse, 
Townsend  discharges  in  neon  and  argon  at  high  elec- 
tric field-to-gas  density  (E/N)  ratios  from  3  x  10  to  the 
minus  18th  power  Vm2  to  6  x  10  to  the  minus  18th 
power  Vm2.  The  ion  energies  were  measured  using 
a  cylindrical  mirror  analyzer  coupled  to  a  quadruple 
mass  spectrometer.  The  measured  ion  energy  distribu- 
tions are  compared  with  predictions  from  solving  the 
Boltzmann  transport  equation  assuming  that  symmet- 
ric resonant  charge  transfer  is  the  dominant  ion-neutral 
interacton.  Results  for  Ne+  in  Ne  show  evidence  of  de- 
viations from  equilibrium. 
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This  news  article  discusses  one  of  the  applications  of 
our  research  on  highly  charged  ions:  an  optical  diag- 
nostic for  extremely  hot  plasmas,  such  as  those  found 
in  fusion  devices.  Our  results  were  published  in  Phys. 
Rev.  Letters  earlier  this  year  and  are  reviewed  and  up- 
dated, and  put  into  perspective  for  a  more  general  au- 
dience. 
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The  translational  kinetic-energy  distributions  of  the  pre- 
dominant ions,  H+,  H2+,  and  H3+,  formed  in  a  diffuse 
Townsend  discharge  in  H2  were  measured  for  electric 
field-to-gas  density  ratios  (E/N)  from  7  x  10  to  the 
minus  19th  power  Vm2  to  2  x  10  to  the  minus  18th 
power  Vm2.  The  discharge  was  generated  in  a  par- 
allel-plate electrode  gap  for  conditions  corresponding 
to  the  'left-hand'  side  of  the  Paschen  minimum  where 
the  electric  field  in  the  gap  is  expected  to  be  constant 
and  uniform,  i.e.,  the  discharge  is  characterized  by  a 
well  defined  E/N.  The  discharge  cell  configuration  and 
ion  measurement  system  are  similar  to  those  de- 
scribed previously.  The  ions  were  sample  through  a 
0.1  mm  diameter  orifice  in  the  center  of  the  stainless- 
steel  cathode.  Simultaneous  analyis  of  ion  energy  and 
mass  was  performed  using  a  cylindrical  mirror  analyzer 
coupled  to  a  quadrupole  mass  spectrometer. 
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The  paper  describes  a  simple  and  general  method  for 
deriving  the  inelastic  collision  term  in  the  electron 
Boltzmann  equation  for  scattering  from  a  coupled  elec- 
tron-phonon  system  and  applies  the  method  to  the 
case  of  doped  polar  semiconductors.  In  the  Born  ap- 


proximation, the  inelastic  differential  scattering  rate 
W(inel)  can  be  expressed  in  terms  of  the 
nonequilibrium  total  dynamic  dielectric  function,  which 
includes  both  electronic  and  lattice  contributions.  With- 
in the  random-phase  approximation  W(inel)  separates 
into  two  componenents:  an  electron-electron  inter- 
action containing  the  nonequilibrium  distribution  func- 
tion for  excitations  of  the  electron  gas  and  a  Frohlich 
interaction  including  the  phonon  distribution  function 
and  self-energy  due  to  polarization  of  the  electrons. 
Each  of  these  two  interactions  is  screened  by  only  the 
electronic  part  of  the  total  dielectric  function,  which 
contains  the  high-frequency  dielectric  constant,  unlike 
commonly  used  expressions  that  contain  the  static  di- 
electric constant. 
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A  system  for  determining  the  dc  resistance  of  individual 
conductors  2  micrometers  in  diameter  and  0.5-1  mm 
in  length  is  described.  The  system  uses  a  four-wire 
measurement,  computerized  data  acquisition,  and 
unique  sample  handling  and  contacting  methods.  To 
demonstrate  system  operation,  data  from  measure- 
ments made  on  small-diameter  copper  wires  are  pre- 
sented. These  wires  were  first  measured  in  long 
lengths  on  another  system  and  then  cut  into  short 
lengths  and  remeasured  on  this  system.  The  results 
from  these  two  measurement  systems  show  that  this 
system  is  an  effective  tool  for  determining  the  resist- 
ance per  unit  length  of  short,  small-diameter  conduc- 
tors. 
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Small-angle  neutron  scattering  has  been  combined 
with  equilibrium  dynamic  light  scattering  to  study 
shear-induced  mixing  in  a  diluted  high-molecular- 
weight  polymer  blend.  The  data  show  an  enhancement 
of  critical  fluctuations  upon  dilution  and  are  found  to 
collapse  onto  a  universal  scaling  curve  containing  no 
free  parameters.  The  scaling  curve  is  motivated  by  the 
theoretical  predictions  of  Onuki  and  Kawasaki  for  undi- 
luted binary  mixtures.  The  data  also  appear  to  suggest 
that  'Fisher  renormalization'  is  relevant  in  this  diluted 
pseudobinary  polymer  mixture,  consistent  with  a  pre- 
vious dynamic-light-scattering  study. 
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The  correlation  between  the  performance  of  plasma 
spray  coatings  and  feedstock  powder  properties  is  not 
fully  understood.  To  demonstrate  this  correlation,  eight 
spray-dried  zirconia  powders  containing  a  mass  frac- 
tion of  20%  Y203(yttria)  were  characterized  with  re- 


spect to  their  physical,  bulk  chemical,  and  surface 
chemical  properties.  The  same  powders  were  plasma 
spray  deposited  as  coatings,  and  their  relative  perform- 
ance was  evaluated  using  a  thermal  rupture  test  devel- 
oped by  Pratt  and  Whitney.  The  specific  powder  prop- 
erties studied  were  chemical  composition,  binder  con- 
tent, particle  size  distribution,  powder  morphology, 
interface  chemistry,  thermogravimetry,  phase  com- 
position, and  specific  surface  area.  Among  the  charac- 
terization data,  the  binder-related  properties  of  the 
powder  correlated  most  strongly  with  the  thermal  rup- 
ture test  data.  Specifically,  higher  binder  contents  were 
associated  with  poor  thermal  rupture  test  performance. 
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It  is  found  that  the  ionosphere,  even  when  considered 
homogeneous,  is  a  linear  medium  for  the  propagation 
of  electromagnetic  waves  only  as  a  first  approximation. 
Second-order  terms  give  rise  to  harmonics,  and  to  sum 
and  difference  frequencies  when  low  independent 
waves  traverse  the  same  physical  region.  These  new 
frequencies  are,  in  general,  of  the  nature  of  forced  vi- 
brations, except  in  the  case  where  their  propagation 
characteristics  are  those  of  a  natural  mode  capable  of 
existing  in  the  region.  A  resonance  effect  then  occurs, 
the  new  wave  increasing  its  energy  at  the  expense  of 
the  interacting  waves,  and  assuming  an  independent 
existence.  While  these  effects  couple  energy  from  the 
primary  wave,  they  do  not  affect  its  propagation  char- 
acteristics. As  a  result  of  the  degeneracy  of  the 
determinantal  equation  for  the  propagation  constant, 
the  introduction  of  any  disturbing  physical  effects,  such 
as  a  layer  drift  velocity,  raises  the  degree  of  the  equa- 
tion, resulting  not  merely  in  changes  in  the  values  of 
the  propagation  constants  of  the  usual  modes,  but,  in 
addition,  introducing  new  ones.  For  the  usual  disturb- 
ing effects  encountered  in  the  ionosphere,  the  energy 
content  of  these  new  modes  is  negligibly  small.  (AN). 
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Two-dimensional  scattering  from  a  periodic  surface 
with  a  wedge  profile  is  treated  for  both  TE  and  TM  po- 
larization. The  interface  can  be  either  perfectly  con- 
ducting or  penetrable,  and  the  extended  boundary  con- 
dition (EBC)  is  used  in  both  cases.  The  method  results 
in  simple  matrix  elements  and  is  easy  to  apply.  Com- 
parison with  a  perturbation  solution  shows  that  the 
EBC  method  has  greater  accuracy  and  a  greater  range 
of  validity.  Even  so,  EBC  becomes  numerically  ill  con- 
ditioned for  surface  heights  that  are  a  significant  frac- 
tion of  the  period  or  the  wavelength.  Numerical  results 
are  presented  for  conservation  of  power,  and  some 
comparisons  are  made  with  previous  results  for  sinus- 
oidal surfaces.  Some  applications  to  rf  absorber  are 
also  presented. 
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A  single  integral  equation  for  electromagnetic  scatter- 
ing by  a  dielectric  cylindrical  body  is  derived.  The  un- 
known is  the  jump  in  the  auxiliary  field  across  the 
boundary.  The  delta-function  behavior  of  the  derivative 
of  the  solution  of  the  Helmholtz  equation  is  studied  in 
detail. 
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The  paper  surveys  the  instrumentation,  calibration  pro- 
cedures, measurement  techniques,  and  standards 
which  can  be  used  to  characterize  extremely  low  fre- 
quency (ELF)  electric  and  magnetic  fields.  While  the 
focus  of  the  paper  is  on  power  frequency  and  power 
frequency  harmonic  fields,  the  measurement  methods 
discussed  are  appropriate  in  principle  for  other  ELF  fre- 
quencies. 
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A  simple  model  is  developed  to  characterize  the  be- 
havior of  radio-frequency  absorbers  at  low  frequency. 
The  absorber  is  represented  by  a  flat,  homogeneous, 
isotropic  slab  of  lossy  material,  with  effective  constitu- 
tive parameters  are  determined  by  a  fit  to  measured 
data.  Excellent  fits  are  obtained  in  the  two  applications 
considered.  The  model  is  intended  for  use  in  the  char- 
acterization of  absorber-lined  chambers  at  low  fre- 
quency. 
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The  multiple  scattering  background  in  Compton  scatter 
imaging  at  662  keV  is  studied,  both  experimentally  and 


by  Monte  Carlo  radiation  transport  calculations  as  a 
function  of  the  scattering  angle,  scattering  material 
(aluminum,  brass  and  tin)  and  object  thickness.  A  dou- 
ble-peak structure  was  observed  in  the  pulse-height 
distribution  for  the  thicker  brass  and  tin  objects  and  at 
the  larger  scattering  angles  (90  degrees  and  120  de- 
grees). In  addition  to  the  Compton  peak,  a  second 
peak  appeared  at  a  higher  energy.  Monte  Carlo  trans- 
port simulations  have  revealed  the  origin  of  the  second 
peak:  photons  that  have  scattered  exactly  twice  before 
reaching  the  detector.  The  ratio  of  the  multiple-scat- 
tered radiation  to  the  total  radiation  detected  was  cal- 
culated as  a  function  of  the  energy-window  width 
around  the  Compton  peak  and  scattering  angle.  The 
results  of  this  study  may  help  in  the  design  of  future 
Compton  scatter  imaging  apparatus. 
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A  comparison  of  two  methods  for  the  computation  of 
the  radar  cross  section  is  given.  The  first  method  is 
by  Mei  and  the  second  by  Keller  and  Givoli.  Both  direct 
methods  solve  a  discrete  version  of  the  Helmholtz 
equation  in  a  small  domain  containing  the  scatterer 
using  absorbing  outer  boundary  conditions.  The  solu- 
tions for  a  plane  wave  scattered  from  a  two-dimen- 
sional infinite  cylinder  are  better  than  0.10  dB  when 
compared  to  the  analytic  solutions. 
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The  plane-wave  spectrum  representation  has  been 
found  useful  for  providing  a  mathematical  description 
for  the  response  of  a  receiving  antenna  or  other  test 
object  in  a  reverberation  chamber  and  for  calculating 
the  quality  factor  (Q)  for  reverberation  chambers  of  ar- 
bitrary geometries.  The  purpose  of  this  correspond- 
ence is  to  show  that  the  plane-wave  spectrum  rep- 
resentation can  also  be  used  to  provide  a  simple  deri- 
vation for  the  spatial  correlation  function  of  the  fields. 
The  identical  correlation  function  has  been  derived  via 
a  cavity  mode  representation  and  has  been  tested  ex- 
perimentally. 
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The  theory  of  the  behavior  of  electromagnetic  fields 
near  the  edge  of  a  dielectric  wedge  is  poorly  under- 
stood and  disagrees  with  numerical  results.  Here  the 
authors  compute  the  fields  scattered  by  a  finite  dielec- 
tric wedge  and  compared  the  results  obtained  by  using 


two  different  integral  equations.  The  unknown  bound- 
ary function  is  either  the  jump  n  in  the  normal  derivative 
of  the  auxiliary  field  across  the  boundary  or  the  jump 
0  in  the  field  itself.  In  the  latter  case,  one  of  the  inte- 
grals is  hypersingular. 
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Causality  is  addressed  in  the  context  of  the  principles 
of  electromagnetism  for  nonsinusoidal  fields.  Topics  in- 
clude Maxwell's  equations,  integral  equations  for  scat- 
tering, stepping-in-time  algorithms,  dispersive  media, 
and  Green's  functions. 
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Keywords:  "Electromagnetic  scattering,  "Dielectrics, 
Integral  equations,  Reprints,  Dielectric  wedges. 

Electromagnetic  fields  scattered  by  a  finite  dielectric 
wedge  are  computed  using  a  hypersingular  integral 
equation  (HIE).  The  results  are  compared  with  those 
obtained  previously  using  a  singular  integral  equation 
(SIE)  and  with  the  theory  that  predicts  that  the  fields 
near  the  edge  of  the  wedge  behave  like  static  fields. 
The  HIE  produces  more  consistent  results  than  the 
SIE,  probably  because  the  unknown  boundary  function 
tends  to  a  constant  near  the  edge  instead  of  diverging. 
The  two  numerical  methods  agree  reasonably  well, 
and  these  results  agree  only  in  part  with  the  static  field 
behavior. 
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The  electrical  performance  of  many  superconducting 
materials  is  strongly  dependent  on  mechanical  load. 
This  report  presents  electromechanical  data  on  a 
broad  range  of  high-magnetic-field  superconductors. 
The  conductors  that  were  studied  fall  into  three  general 
categories:  Candidate  conductors,  experimental  con- 
ductors, and  reference  conductors.  Research  on  can- 
didate conductors  for  fusion  applications  provides 
screening  data  for  superconductor  selection  as  well  as 
engineering  data  for  magnet  design  and  performance 
analysis,  the  effect  of  axial  tensile  strain  on  critical- 
current  density  was  measured  for  several  Nb(sub  3)Sn 
candidate  conductors  including  the  US-DPC  (United 
States  Demonstration  Poloidal  Coil)  cable  strand  and 
an  ITER  (International  Thermonuclear  Experimental 
Reactor)  candidate  conductor.  Also,  data  are  pre- 
sented on  promising  experimental  superconductors 
that  have  strong  potential  for  fusion  applications.  Axial 
strain  measurements  were  made  on  a  V(sub  3)Ga  tape 
conductor  that  has  good  performance  at  magnetic 
fields  up  to  20  T.  Axial  strain  data  are  also  presented 
for  three  experimental  Nb(sub  3)Sn  conductors  that 
contain  dispersion  hardened  copper  reinforcement  for 
increased  tensile  strength.  Finally,  electromechanical 
characteristics  were  measured  for  three  different 
Nb(sub  3)Sn  reference  conductors  from  the  first  and 
second  VAMAS  (Versailles  Project  on  Advanced  Mate- 
rials and  Standards)  international  Nb(sub  3)Sn  critical- 
current  round  robins.  Published  papers  containing  key 
results,  including  the  first  measurement  of  the  trans- 
verse stress  effect  in  Nb(sub  3)Sn,  the  effect  of  stress 
concentration  at  cable-strand  crossovers,  and 
electromechanical  characteristics  of  Nb(sub  3)AI,  are 
included  throughout  the  report. 
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Current  Density,  Intermetallic  Compounds,  Magnetic 
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A  comparison  is  made  of  measurements  of  the  effect 
of  axial  tensile  strain  on  the  critical  current  of 
multifilamentary  Nb(sub  3)Sn  superconductors  by 
three  different  laboratories.  Two  of  the  laboratories 
used  short  sample  testing  apparatus  wherein  a  straight 
section  of  conductor  was  cooled  in  a  force-free  state. 
One  of  the  laboratories  used  a  spring  apparatus 
wherein  a  long  sample  was  reacted  in  a  coil  shape  and 
attached  to  a  spring  sample  holder.  The  agreement  be- 
tween the  results  for  the  two  laboratories  that  used  the 
straight  sample  apparatus  was  quite  good,  within  15% 
for  all  three  conductors  at  15  T,  except  at  very  high 
strain  for  one  conductor  which  had  an  upper  critical 
field  close  to  the  measurement  field.  To  make  a  com- 
parison with  the  data  obtained  using  the  spring  meth- 
od, it  was  necessary  to  fit  the  data  to  the  compressive 
prestrain  determined  using  the  straight-sample  tech- 
nique. With  such  a  fit,  the  agreement  was  variable,  be- 
tween 15  and  25%  depending  on  the  conductor.  Val- 
ues of  the  prestrain  and  irreversible  strain  obtained 
from  the  straight  sample  data  agreed  within  0.06%  and 
0.05%  respectively.  Values  of  the  maxi  (strain-free) 
upper  critical  fields  agreed  within  several  tenths  of  a 
tesla. 
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The  effect  of  transverse  stress  on  the  critical  current 
density,  J(sub  c),  has  been  shown  to  be  significant  in 
bronze  process  Nb(sub  3)Sn,  with  the  onset  of  signifi- 
cant degradation  at  about  50  Mpa.  In  an  applied  field 
of  10  T,  the  magnitude  of  the  effect  is  about  seven 
times  larger  for  transverse  stress  than  for  axial  tensile 
stress.  In  a  subsequent  study,  similar  results  were  ob- 
served in  another  bronze  process  Nb(sub  3)Sn  con- 
ductor made  by  a  different  manufacturer.  The  mecha- 
nism accounting  for  the  transverse  stress  effect  and 
its  large  magnitude  compared  with  the  axial  tensile  ef- 
fect is  still  the  subject  of  speculation.  In  an  attempt  to 
better  understand  the  nature  of  the  effect,  The  authors 
have  undertaken  a  series  of  experiments  to  determine 
whether  the  transverse  stress  effect  depends  on  the 
grain  morphology  of  the  Nb(sub  3)Sn  reaction  layer  in 
the  superconductor.  To  do  this,  the  authors  have 
measured  the  effect  in  an  internal  tin  conductor  with 
excess  tin,  which  yields  a  more  equiaxed  Nb(sub  3)Sn 
grain  morphology  than  for  bronze  process  Nb(sub 
3)Sn,  where  the  grains  are  more  columnar.  The  results 
for  the  effect  of  transverse  compression  on  the  J(sub 
c)  of  a  round  bronze  process  Nb(sub  3)Sn  wire  are 
given.  The  data  are  probably  applicable  to  a  wide  vari- 
ety of  Nb(sub  3)Sn  conductors  for  magnet  engineering. 
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The  review  critically  analyzes  current  practice  in  the 
design,  calibration,  sensitivity  determination,  and  oper- 
ation of  alternating-field  susceptometers,  and  exam- 
ines applications  in  magnetic  susceptibility  measure- 
ments of  superconductors.  Critical  parameters  of  the 
intrinsic  and  coupling  components  of  granular 
superconductors  may  be  deduced  from  magnetic  sus- 
ceptibility measurements.  The  onset  of  intrinsic 
diamagnetism  corresponds  to  the  initial  decrease  in 
electrical  resistivity  upon  cooling,  but  the  onset  of 
intergranular  coupling  coincides  with  the  temperature 
for  zero  resistivity.  The  lower  critical  field  may  be  deter- 
mined by  the  field  at  which  the  imaginary  part  of  sus- 
ceptibility increases  from  zero.  Unusual  features  in  the 
susceptibility  of  superconductor  films,  such  as  a  mag- 
netic moment  that  is  independent  of  film  thickness  and 
the  variation  of  susceptibility  with  angle,  are  related  to 
demagnetization.  Common  misunderstandings  of  the 
Meissner  effect,  magnetic  units,  and  formula  conver- 
sions are  discussed.  There  is  a  comprehensive  sum- 
mary of  critical-state  formulas  for  slabs  and  cylinders, 
including  new  equations  for  complex  susceptibility  in 
large  alternating  fields.  Limitations  on  the  use  of  the 
critical-state  model  for  deducing  critical  current  density 
are  listed  and  the  meaning  of  the  imaginary  part  of  sus- 
ceptibility is  considered. 


04,436 

PB94-160744       PC  A03/MF  A01 
National  Inst,  of  Standards  and  Technology  (CAML), 
Gaithersburg,  MD.  Applied  and  Computational  Mathe- 
matics Div. 
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A  phase  field  model  is  used  to  numerically  simulate  the 
solidification  of  a  pure  material.  We  employ  it  to  com- 
pute growth  into  an  undercooled  liquid  for  a  one-di- 
mensional spherically  symmetric  geometry  and  a 
planar  two-dimensional  rectangular  region.  The  phase 
field  model  equations  are  solved  using  finite  difference 
techniques  on  a  uniform  mesh.  For  the  growth  of  a 
sphere,  the  solutions  from  the  phase  field  equations 
for  sufficiently  small  interface  widths  are  in  good  agree- 
ment with  a  numerical  solution  to  the  classical  sharp 
interface  model  obtained  using  a  Green's  function  ap- 
proach. In  two  dimensions,  we  simulate  dendritic 
growth  of  nickel  with  four-fold  anisotropy  and  inves- 
tigate the  effect  of  anisotropy  level  on  the  growth  of 
a  dendrite.  The  quantitative  behavior  of  the  phase  field 
model  is  evaluated  for  varying  interface  thickness  and 
spatial  and  temporal  resolution.  Results  are  discussed. 
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Keywords:  *NBSR  reactor,  Research  reactors,  Activa- 
tion analysis,  Cold  neutrons.  Crystal  structure,  Neutron 
diffraction,  Neutron  radiography,  Nondestructive  tests, 
Analytical  chemistry,  YBCO  superconductors, 
Fullerenes,  Hydrogen,  Magnetism,  Polymers, 
Macromolecules,  Microstructure,  Thin  films,  Neutron 
dosimetry,  Multilayers. 

This  report  summarizes  all  of  the  programs  which  use 
the  NIST  reactor.  It  covers  the  period  for  October  1992 
through  September  1993.  The  programs  range  from 
the  use  of  neutron  beams  to  study  the  structure  and 
dynamics  of  materials  through  nuclear  physics  and 
neutron  standards  to  sample  irradiations  for  activation 
analysis,  isotope  production,  neutron  radiography,  and 
nondestructive  evaluation. 
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Included  in  Jnl.  of  Research  of  the  National  Institute 
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The  lattice  spacing  comparator  established  at  the  Na- 
tional Institute  of  Standards  and  Technology  to  meas- 
ure the  lattice  spacing  differences  between  nearly  per- 
fect crystals  is  described  in  detail.  Lattice  spacing  dif- 
ferences are  inferred  from  the  measured  differences 
in  Bragg  angles  for  different  crystals.  The  difference 
in  lattice  spacing  between  silicon  samples  used  at 
Physikalisch-Technische  Bundesanstalt  (PTB)  and 
NIST  has  been  measured  with  a  relative  uncertainty 
of  1  x  10(-8).  The  measurement  is  consistent  with  ab- 
solute lattice  spacing  measurements  made  at  PTB  and 
NIST.  Components  of  uncertainty  associated  with  sys- 
tematic effects  due  to  misalignments  are  derived  and 
estimated. 
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Short  range  order  in  an  AlCuFe  quasicrystal  was  inves- 
tigated using  the  double  isotopic  substitution  of  Fe  in 
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order  to  determine  partial  radial  distribution  (pair  cor- 
relation) functions  of  the  system.  The  experiment  was 
carried  out  on  the  7c2  spectrometer  at  Orphee  de- 
signed for  studies  of  atomic  local  order  in  liquid  and 
amorphous  systems.  Very  accurate  total  radial  dis- 
tribution functions  were  calculated.  All  of  the  observed 
pair  distances,  up  to  about  10  A,  are  consistent  with 
the  atomic  positions  of  the  model  proposed  by  Cornier- 
Quiquandon  et  al.  (Phys.  Rev.  B44  (1991)  2071).  Par- 
tial Fe-Fe  pair  correlation  functions  have  been  ex- 
tracted and  show  that  Fe  atoms  occupy  only  a  subset 
of  sites. 
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The  superconducting  and  related  phases  in  the  Ln-Ba- 
Cu-0  system  are  investigated  by  Raman  microprobe 
measurements  to  obtain  their  vibrational  Raman  spec- 
tra and  any  structure-specific  fluorescence  spectra 
from  active  lanthanide  (Ln)  or  rare  earth  ions.  These 
studies  are  aimed  at  relating  the  observed  optical 
spectra  to  the  compositional  and  structural  aspects  of 
these  materials.  Specific  examples  are  discussed  with 
special  reference  to  the  erbium  and  the  europium 
analogs  of  the  yttrium  1:2:3  superconductor.  High- 
lighted are  the  results  from  certain  phases  that  are 
known  to  constitute  potential  impurity  phases  in  the 
superconducting  compositions.  The  microanalytical 
implications  of  these  results  are  discussed. 
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The  authors  studied  H  vibrations  in  H-doped 
YBa2Cu30(x)H(y)  (y  =  0.6)  by  neutron  spectroscopy. 
Neutron  spectra  were  taken  at  10  and  14  K  from  both 
orthorhombic  (x  approx  equals  6.9)  and  tetragonal  (x 
approx  equals  6.3)  samples.  The  spectra  exhibit  large 
H-induced  intensities  in  the  energy  range  between  40 
and  1 30  meV.  In  comparison  to  orthorhombic  samples, 
the  H  vibrations  in  tetragonal  samples  are  shifted  to 
lower  energies  by  about  11%.  This  shift  is  opposite  to 
the  spectral  shift  of  the  lattice  vibrations  between  H- 
free  orthorhombic  and  tetragonal  YBa2Cu30(x),  fre- 
quently attributed  to  differences  in  the  electron-phonon 
coupling.  The  results  show  that  any  such  differences 
in  the  electron-phonon  coupling  are  not  apparent  in  the 
H  vibrations.  The  results  also  support  previous  sugges- 
tions that  the  H  occupies  sites  in  the  close  neighbor- 
hood of  the  Cu(1 )  atomic  planes. 
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Presented  are  studies  of  the  magnetic  and  structural 
ordering  in  superlattices  composed  of  Fe304  and  NiO, 
and  their  study  by  a  variety  of  techniques  including  x- 
ray  and  neutron  diffraction,  and  SQUID  magnetometry, 
X-ray  diffraction  indicates  that  structures  with  individual 
layer  thicknesses  down  to  8.5  A  grow  as  single  crystals 
in  registry  with  the  substrate  lattice  with  a  layer-thick- 
ness-dependent tetragonal  lattice  distortion  due  to 
epitaxial  and  interfacial  lattice  mismatch.  The  lattice 
coherence  of  the  Fe304  layers,  however,  is  degraded 
by  stacking  faults  between  adjacent  spinel  layers.  Neu- 
tron diffraction  indicates  that  the  NiO  orders 
antiferromagnetically  along  the  (in  brackets:  111)  di- 
rection with  a  magnetic  coherence  that  extends  over 
several  superlattice  bilayers,  and  the  presence  of  an 
enhancement  in  the  NiO  Neel  temperature  in  thin  lay- 
ered superlattices.  These  results  are  compared  with 
SQUID  magnetometry,  which  shows  large  anisotropy 
energies,  but  a  lack  of  favored  magnetization  direction, 
indicating  that  the  magnetic  ordering  in  these  systems 
is  dominated  by  the  exchange  coupling  across  the 
interfaces. 
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We  have  grown  high  quality  superlattices  of  Dy  with 
nonmagnetic  Lu  and  find  that  the  2.4%  epitaxial  com- 
pression nearly  doubles  the  ferromagnetic  T(c)  of  Dy 
with  little  change  in  the  Neel  temperature.  A 
helimagnetic  phase  exists  over  a  narrow  temperature 
range.  Below  T(c)  in  superlattices,  300  A  orthorhombic 
domains  form  despite  epitaxial  constraints,  each  with 
a  magnetostnctive  distortion  comparable  to  that  of  bulk 
Dy.  For  the  thinnest  intervening  Lu  layers,  individual 
ferromagnetic  Dy  blocks  have  parallel  alignment;  the 
remaining  samples  show  antiparallel  alignment,  coher- 
ent over  many  bilayer  periods. 
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The  authors  have  used  inelastic  neutron  scattering 
techniques  to  measure  the  dispersion  of  the  singlet- 
doublet  magnetic  excitons  of  the  Pr(3+)  ions  in  the 
singlet  ground  state  system  Pr2Cu04.  The  excitons 
exhibit  significant  dispersion  both  within  the  basal 
plane  as  well  as  along  the  c-axis  direction,  directly 
demonstrating  the  Pr-Pr  exchange  interactions.  These 
exchange  interactions  must  be  mediated  through  the 
Cu02  layers  involved  in  the  formation  of  the 
superconducting  state. 
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The  authors  report  real  space  views  of  the 
homoepitaxial  growth  of  Fe  on  Fe(001)  whiskers  ob- 
served by  scanning  tunneling  microscopy.  A  measure 
of  the  surface  diffusion  of  the  Fe  atoms  is  obtained 
over  the  temperature  range  of  20-250  deg  C.  The  ef- 
fect of  the  diffusion  kinetics  is  observed  in  the  surface 
morphology  as  a  decrease  in  the  interface  width  with 
temperature.  Measurements  of  reflection-high-energy- 
electron  diffraction  during  growth  allow  a  comparison 
of  real  and  reciprocal  space  techniques. 
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An  extended  critical  state  model  which  includes  the  ef- 
fects of  bulk  critical  current  density,  equilibrium  mag- 
netization and  surface  barrier  is  developed  for  the 
magnetization  of  superconductors.  The  equilibrium 
magnetization  and  surface  barrier  are  modeled  by  an 
applied  field  dependent  surface  supercurrent  density 
j(sub  s)(H),  whose  presence  changes  the  boundary 
field  of  the  bulk.  The  volume  supercurrents  flow  with 
a  density  equal  to  the  internal  field  dependent  critical 
current  density  J(sub  c)(H(sub  i)).  The  magnetization 
M  is  produced  by  both  supercurrents.  For  the  M(H) 
curve  computation,  exponential-type  J(sub  c(H(sub  i)) 
and  j(sub  s)(H)  values  are  used  for  the  general  case 
of  an  infinite  sample  of  rectangular  cross-section.  A 
comparison  between  the  experimental  magnetization 
curves  of  a  sintered  YBa2Cu307  superconductor  at  76 
K  and  the  model  fit  shows  that  j(sub  s)(H)  is  null  for 
the  coupling  matrix,  whereas  a  non-zero  j(sub  s)(H)  is 
needed  for  the  grains.  The  model  fit  for  the  irreversible 
magnetization  of  the  grains  is  improved  by  including 
a  surface  barrier  to  the  entry  and  exit  of  flux. 
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Reflectance  data  (0.001-4.0  eV)  from  several  large  (a 
typical  surface  area  3  x  3  sq  mm)  single  crystals  of 
Ba(l  -  x)  K(x)  Bi03  (x  =  0.04,  0.37)  (BKBO)  and  Ba(l 
-  x)  Rb(x)  Bi03  (x  =  0.37)  (BRBO)  were  obtained  by 
Fourier  Transform  infrared  (FTIR)  and  ellipsometric 
methods.  Normal-state  optical  conductivities  of  these 
samples  were  obtained  from  infrared  and  ellipsometric 
measurements  using  a  Kramers-Kronig  transform.  A 
broad  mid-IR  band  was  observed  that  peaked  at  0.3 
eV  for  BKBO  and  at  0.16  eV  for  BRBO  at  room  tem- 
perature. Each  band  was  fitted  with  two  Lorentz  oscilla- 
tors. The  optical  mass  of  the  charge  carriers  was  ob- 
tained from  a  Drude  fit,  and  was  found  to  be  large. 
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These  overdamped  charge  carriers  can  be  viewed  as 
polarons  with  a  large  effective  mass.  An  optic  phonon 
mode  at  325/cm  was  also  observed  in  the  metallic 
phase.  Interpretations  of  low-temperature  measure- 
ments on  BKBO  and  BRBO  were  complicated  due  to 
the  change  of  color  of  the  sample  from  bluish-green 
to  bronze-red.  Upon  warming,  samples  revert  to  their 
original  bluish-green  color. 
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The  equilibrium  biaxial  curvature  of  a  multilayer  thin 
film  adhering  to  a  free  standing  substrate  is  determined 
when  plastic  flow  is  possible  in  the  multilayer.  The  rela- 
tionship found  between  the  equilibrium  biaxial  cur- 
vature and  the  interfaces  in  the  multilayer  is  modified 
to  account  for  grain  boundaries  in  the  layers.  Two  pos- 
sible experiments  that  use  the  resulting  relationship  to 
determine  interfacial  free  energies  are  described. 
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Molecular  dynamics  simulations  were  performed  for 
Ni(110)  and  Cu(110)  using  Finnis-Sinclair  model  po- 
tential. During  the  simulations  the  temperature  de- 
pendencies of  the  mean-square  displacements  (MSD), 
the  layer-by-layer  stress  tensors,  and  the  surface 
phonon  spectral  densities  were  measured.  The  simula- 
tion results  imply  that  the  Ni(110)  and  Cu(110)  sur- 
faces do  not  extensively  roughen  before  the  onset  of 
adatom-defect  formation,  and,  in  confirmation  of  exper- 
imental findings,  that  the  rapid  decrease  of  specular 
intensity  for  helium  or  electron  scattering  at  elevated 
temperatures  is  due  to  the  influence  of  anharmonicity 
in  the  surface  potential. 
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The  working  refrigerant  material  in  the  ma]ority  of  mag- 
netic refrigerators  has  been  Gd3Ga5012  (GGG)  which 
has  an  upper  temperature  limit  near  1 5  K.  In  this  paper 
we  report  on  the  field-induced  adiabatic  magnetic  en- 
tropy change,  Delta  S(sub  m)(H,T),  of  a  series  of  iron- 
substituted  gadolinium  garnets  (GGIG)  Gd3Ga(5- 
x)Fe(x)Ol2  which  have  the  potential  to  increase  the 
working  temperature  range  or  to  reduce  the  field  re- 
quirements of  cryogenic  magnetic  refrigeration.  De- 
pending on  Fe  concentration,  x,  the  entropy  change  of 
these  materials  at  applied  fields  of  0.9  and  5.0  T  is 
much  greater  than  that  of  GGG,  especially  at  tempera- 
tures above  1 5  K.  At  low  Fe  concentrations,  the  results 


are  consistent  with  formation  of  magnetically  ordered 
clusters  of  spins  at  low  temperatures.  Room  tempera- 
ture electron  paramagnetic  resonance  measurements 
show  that  Fe(3+)  ions  mediate  exchange  interactions 
which  are  responsible  for  clustering  at  low  tempera- 
tures. 


04,451 

PB94-185667       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Metallurgy  Div. 

Magnetocaloric  Effect  in  Rapidly  Solidified  Nd-Fe- 

Al-B  Materials. 

Final  rept. 

R.  D.  McMichael,  R.  D.  Shull,  L.  H.  Bennett,  C.  D. 

Fuerst,  and  J.  F.  Herbst.  1993,  7p. 

Pub.  in  NanoStructured  Materials  2,  p277-283  1993. 

Keywords:  Magneto-thermal  effects,  Magnetic  refrig- 
erators, Magnetic  fields,  Neodynium  containing  alloys, 
Boron  containing  alloys,  Aluminum  alloys,  Iron  alloys, 
Temperature  range  0273-0400  K,  Temperature  range 
0400-1000  K,  Temperature  dependence,  Magnetiza- 
tion, Entropy,  Reprints,  'Magnetocaloric  effect,  Rapid 
solidification. 

We  have  measured  the  temperature  and  field  depend- 
ence of  the  magnetization  of  several  rapidly  solidified 
Nd(0.14)(Fe(1-x)AI(x))(0.80)B(0.06)  alloys  in  the  290- 
500  K  temperature  range  at  fields  from  0  to  0.9  T.  At 
room  temperature  the  materials  are  ferromagnetic. 
Calculations  of  the  magnetocaloric  effect  from  the 
magnetization  data  clearly  show  a  peak  in  the  field-in- 
duced entropy  change,  Delta  S,  at  a  critical  tempera- 
ture T(p),  which  varies  with  aluminum  content  and  is 
identified  as  the  Curie  temperature,  T(c),  by  differential 
scanning  calorimetry  measurements.  The  magnitude, 
shape  and  width  of  the  Delta  S  vs.  T  curves  differ 
greatly  from  that  predicted  for  elemental  ferromagnets, 
but  are  consistent  with  curves  predicted  for  magnetic 
nanocomposites.  This  similarity  suggests  that  the  mag- 
netic moments  are  (1)  grouped  in  clusters  with  mo- 
ments on  the  order  of  20  -  50  mu(sub  B)  and  (2)  that 
these  materials  may  be  potential  candidates  for  high 
temperature  magnetic  refrigerants. 
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We  show  that,  for  doped  semiconductor  structures  at 
nonzero  temperatures,  processes  which  scatter  elec- 
trons into  a  state  (vertical  stroke)  K  >  can  contribute 
strongly  to  the  decay  of  a  nonequilibrium  electron  oc- 
cupation of  (vertical  stroke)  K  >.  For  electrons,  the 
decay  rate  gamma  (K)  is  given  by  the  sum  of  the  total 
scattering-out  and  scattering-in  rates  of  state  (vertical 
stroke)  K  >.  The  scattering-in  term  is  safely  neglected 
in  the  nondegenerate  and  highly  degenerate  limits,  but 
it  increases  gamma  (K)  of  low-energy  electrons  in- 
jected into  semidegenerate  systems  (between  these 
limits)  by  the  factor  (1  -  f(0)(K))(sup  -1).  We  show  that 
the  degree  of  degeneracy  of  a  system  of  fermions  de- 
pends strongly  on  the  system  dimension,  so  that  doped 
systems  of  reduced  dimension  can  be 
semidegenerate,  with  the  two  scattering  rates  com- 
parable, even  at  high  temperature. 
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The  entropy  change  accompanying  the  removal  of  an 
applied  magnetic  field  (i.e.,  the  magnetocaloric  effect) 
has  been  calculated  for  a  system  of  magnetic  spins 
independent  of  each  other  and  also  clustered  together 
into  independently-acting  magnetic  particles.  Mean- 
field  theory  calculations  have  also  been  made  for  inter- 
acting, single  magnetic  spins  and  also  for  interacting, 
magnetic  particles.  In  both  cases,  there  are  found  tem- 
perature and  field  regimes  where  the  entropy  changes 
are  larger  when  the  spins  are  coupled  together  into 
nanometer-sized  magnetic  particles.  Entropy  change 
data  is  shown  for  a  new  Gd3Ga(5-x)Fe(x)0(12)  (X  = 
or  <  2.5)  magnetic  nanocomposite,  confirming  the  cal- 
culations and  possessing  magnetocaloric  effects  larger 
than  the  presently  preferred  low  temperature 
paramagnetic  refrigerant,  gadolinium  gallium  garnet. 
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Nanocrystalline  materials  represent  one  of  the  most 
active  laboratories  in  recent  times  for  the  atomic  tailor- 
ing of  materials  with  specific  properties  and  property 
combinations.  However,  it  is  still  in  its  infancy;  its  emer- 
gence as  a  major  materials  science  thrust  has  just 
begun.  At  this  stage  in  its  development,  there  have 
been  glimpses  of  exciting  new  properties  (e.g., 
superplasticity,  giant  magnetoresistance,  transparency 
in  opaque  ceramics,  enhanced  homogeneity,  unusu- 
ally soft  ferromagnetism,  and  giant  magnetocaloric  ef- 
fects) possessed  by  materials  containing  some  critical 
length  which  has  been  reduced  to  nanometer  dimen- 
sions. But,  for  many  of  these  cases,  it  still  remains  to 
be  determined  whether  the  property  changes  are  due 
to  new  physics  of  the  mechanisms  at  small  dimensions 
or  to  an  extension  of  larger-scale  systematics  to  small 
sizes. 
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An  analysis  of  the  island  size  and  separation  distribu- 
tions of  Fe  islands,  observed  in  the  initial  stages  of 
growth  in  the  homoepitaxy  of  Fe  on  Fe(001)  whiskers, 
shows  scaling  properties  recently  predicted  in  nuclea- 
tion and  growth  theories.  A  critical  size  of  one  atom, 
where  islands  greater  than  the  critical  size  undergo  ir- 
reversible nucleation,  is  supported  by  the  measured 
scaling  functions  for  the  Fe  on  Fe  system  in  the  tem- 
perature range  of  20-250  C. 
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The  third  in  a  series  of  workshops  was  held  at  NIST 
on  February  23rd  and  24th,  1994  to  discuss  the  char- 
acterization of  diamond  films  and  the  need  for  stand- 
ards in  diamond  technology.  The  audience  targeted  for 
this  workshop  were  producers  and  potential  users  of 
chemical  vapor  deposition  (CVD)  diamond  technology 
in  the  United  States.  Three  technical  topics  that  have 
relevance  to  applications  of  CVD  diamond  films  were 
discussed:  characterizing  brazing  and  polishing,  stand- 
ardization of  thermal  conductivity  measurement,  and 
characterizing  stress,  strain,  and  fracture. 
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We  have  used  Cu  K(alpha)  radiation  to  measure  both 
specular  reflectivity  (000)  and  longitudinal  Bragg  dif- 
fraction (222)  from  a  Co/Pt  multilayer  grown  by  molec- 
ular-beam epitaxy  on  a  sapphire  (0001)  substrate.  By 
refining  both  low-  and  high-angle  profiles,  we  are  able 
to  separate  the  effects  of  surface  morphology  from 
microstructure.  Our  results  indicate  mixing  at  the  inter- 
faces consistent  with  the  existence  of  alloy  or 
compound  formation. 
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We  have  used  polarized  neutron  reflectometry  to  study 
the  magnetic  structure  of  an  Fe/Si  multilayer  film.  By 
simultaneous  refinement  of  both  plus  and  minus 
reflectivities,  we  have  extracted  separate  nuclear  and 
magnetic  scattering  density  profiles  that  include  a  6- 
A-thick  magnetically  dead  layer  in  Fe  at  the  interface. 
This  result  supports  the  contention  that  the 
antiferromagnetic  coupling  reported  in  this  system  is 
mediated  by  the  presence  of  Fe  in  the  Si  interlayers. 
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The  transport  properties  across  grain  boundaries  in 
several  bi-crystals  of  YBa2Cu30(7-delta)  have  been 
measured.  In  three  cases,  including  two  high  angle 
grain  boundaries,  no  weak  link  behavior  was  observed. 
These  results  remove  an  important  restriction  sug- 
gested by  earlier  thin  film  bi-crystal  results,  showing 
that  at  least  some  high  angle  grain  boundaries  can 
transmit  supercurrents  in  high  magnetic  fields  at  77  K. 
Such  results  are  conceptually  important  in  searching 
for  ways  to  improve  the  J(ct)  characteristics  of  bulk, 
polycrystalline  high  temperature  superconductors  for 
high  field  applications. 
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The  extraction  of  pure-specimen  X-ray  diffraction-line 
broadening  is  described  using  a  convolution  of  the  in- 
strumental profile  and  an  exact  Voigt  function.  Real 
Fourier  coefficients  were  computed  from  the  Cauchy 
and  Gauss  integral  breadths  and  were  input  for  War- 
ren-Averbach analysis.  Smooth  surface-weighted  and 
volume-weighted  column-length  distribution  functions 
were  obtained  and  errors  in  root-mean-square  strains 
as  well  as  effective  domain  sizes  were  evaluated.  The 
method  was  applied  to  two  cubic  structures  with  aver- 
age volume-weighted  domain  sizes  up  to  3600  A  as 
well  as  patterns  of  tetragonal  and  orthorhombic  (La, 
Sr)2Cu04,  which  exhibit  weak  line  broadenings  and 
highly  overlapping  reflections.  Comparison  with  the  in- 
tegral-breadth methods  is  given.  Reliability  of  the 
method  is  discussed  in  the  case  of  a  cluster  of  overlap- 
ping peaks. 
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We  present  an  x-ray  diffraction  peak-broadening  anal- 
ysis of  three  Bi-Cu-O  high-T(c)  superconductors.  The 
diffraction  line  profiles  were  fitted  with  a  convolution  of 
instrumental  and  specimen  functions.  The  specimen's 
particle  size  and  strain  contributions  to  the  peak-broad- 
ening were  analyzed  with  the  Warren-Averbach  meth- 
od. We  found  that  for  both  the  2212  and  2223  Bi-Cu- 
O  superconductors,  microstrain  along  the  c-axis  is 
larger  than  in  the  basal  plane,  because  of  larger  stack- 
ing disorder.  In  the  specimen  containing  both  phases, 
strain  is  relieved  by  trie  macroscopic  intergrowth  of  two 
phases  within  the  same  grain,  and  effective  domain 
sizes  are  smaller  than  in  one-phase  specimens. 
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With  the  assumption  that  both  size-  and  strain-broad- 
ened profiles  of  the  pure-specimen  function  are  de- 
scribed with  a  Voigt  function,  it  is  shown  that  the  analy- 
sis of  Fourier  coefficients  leads  to  the  Warren- 
Averbach  method  of  separation  of  size  and  strain  con- 
tributions. The  analysis  of  size  coefficients  shows  that 
the  'hook'  effect  occurs  when  the  Cauchy  content  of 
the  size-broadened  profile  is  underestimated.  The  ratio 
of  volume-weighted  and  surface-weighted  domain 
sizes  can  range  from  about  1.31,  for  the  minimum  al- 
lowed Cauchy  content,  to  2,  when  the  size-broadened 
profile  is  given  solely  by  a  Cauchy  function.  If  the  dis- 


tortion coefficient  is  approximated  by  a  harmonic  term, 
mean-square  strains  decrease  linearly  with  increasing 
the  average  distance.  The  local  strain  is  finite  only  in 
the  case  of  purely  Gaussian  strain  broadening,  be- 
cause strains  are  then  independent  of  averaging  dis- 
tance. 
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Three  years  after  its  discovery,  many  mechanisms 
have  been  suggested  to  explain  the  phenomenon  of 
high-temperature  superconductivity  (HTS)  in  oxides. 
We  propose  that  experimental  data,  along  with  theo- 
retical models,  can  place  constraints  on  or  exclude 
many  of  these  mechanisms.  The  isotope  shift  a,  the 
transition  temperature  T(o),  the  ratio  of  the  electronic 
specific  heat  jump  to  the  normal  state  specific  heat 
(Delta)C/(gamma)T(o)  and  the  superconducting  gap 
ratio  2(Delta)/k(B)T(c)  are  considered.  We  find  limits 
on  the  applicability  of  solely  phonon-based  and  com- 
bined phonon-electronic  mechanisms. 
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Meissner  effect  measurements  were  performed  on  a 
nearly  cubic  single  crystal  of  YBCO,  which  exhibited 
a  predominant  (110)  twin  habit,  by  cooling  the  crystal 
from  above  T(c)  to  10  k  in  an  applied  field,  H,  of  10 
Oe.  A  significant  difference  was  observed  for  H  applied 
parallel  and  perpendicular  to  the  c  axis,  but  little  dif- 
ference could  be  seen  for  H  perpendicular  and  parallel 
to  the  twin  boundaries.  After  cooling  from  above  T(c) 
in  10  Oe  to  10  K,  the  field  was  reduced  to  zero.  The 
magnetization  changed  sign,  increasing  by  approx.  15 
G,  which  is  the  value  expected  for  complete  flux  expul- 
sion by  a  crystal  of  this  geometry.  Magnetization  meas- 
urements were  then  made  as  the  temperature  was 
raised  back  to  100  K.  Again,  there  is  a  significant  dif- 
ference for  the  results  with  H  parallel  and  perpendicu- 
lar to  the  c  axis,  especially  above  60  K,  with  only  a 
small  (but  possibly  meaningful)  difference  for  per- 
pendicular and  parallel  to  the  twin  boundaries. 
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Measurements  of  the  magnetic  anisotropy  of  a  series 
of  Pd/Co  multilayers  grown  by  magnetically  enhanced 
dc  triode  sputter  deposition  revealed  an  interface  con- 
tribution of  0.53  ergs/sq  cm  and  a  net  volume  anisot- 
ropy of  -13.2  x  10(sup  6)  ergs/cc.  A  characteristic  re- 
duction of  perpendicular  anisotropy  for  ultrathin  Co  lay- 
ers (<4A)  is  explained  by  using  a  pair  interaction  model 
to  evaluate  a  thickness  dependence  of  the  interface 
anisotropy.  Temperature  dependence  of  saturation 
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magnetization  of  a  Pd(1 1A)/Co(7.8A)  multilayer  dem- 
onstrates complete  mixing  ot  Pd  and  Co  by  380  C. 
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The  authors  report  the  observation  of  major  enhance- 
ments in  the  magneto-optical  polar  Kerr  rotation  in  the 
Fe/Cu/Fe  system.  These  enhancements  are  as  much 
as  a  factor  of  two  greater  than  those  anticipated  due 
to  recently  reported  plasma  resonance  effects.  A  close 
connection  between  these  enhancements  and 
antiferromagnetic  coupling  between  the  two  Fe  films 
is  established  by  the  observation  of  concurrent  oscilla- 
tions in  the  magnitude  of  these  two  effects  as  a  func- 
tion of  Cu  thickness. 
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A  nonequilibrium  thermodynamic  theory  for  predicting 
the  mechanical  behavior  of  materials  beyond  the  elas- 
tic range  is  formulated.  The  theory  incorporates  the 
idea  of  a  'concealed'  parameter  alpha,  originally  due 
to  Bridgman  (Rev.  Mod.  Phys.  22,  56  (1950)),  where 
the  constitutive  equations  are  governed  by  (1)  a  ther- 
modynamic potential  such  as  a  generalized  Gibbs 
function,  G,  or  Helmholtz  free-energy  function,  F,  each 
with  an  explicit  dependence  on  alpha,  and  (2)  a  pre- 
scription for  (alpha  dot),  the  time  rate  of  change  of 
alpha,  such  that  (alpha  dot)  is  directly  proportional  to 
the  negative  of  G(alpha)  or  F(alpha),  the  partial  deriva- 
tive of  G  or  F  with  respect  to  alpha,  respectively.  The 
theory  is  found  to  be  consistent  with  (1)  the  second 
law  of  thermodynamics  regarding  entropy  production; 
(2)  the  concept  of  Lyapunov  stability  at  equilibrium;  (3) 
the  rule  of  invariance  with  respect  to  a  transformation 
of  parameters;  and  (4)  the  powerful  law  of  invariance 
with  respect  to  the  Legendre  transformation.  Signifi- 
cance of  the  new  formulation  is  discussed  by  solving 
a  class  of  one-dimensional  creep  and  fatigue  modeling 
problems  and  by  comparing  the  new  theory  with  sev- 
eral similar  approaches  in  the  literature. 
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The  intrinsic  mechanical  stress  of  dc  magnetron-sput- 
tered Nb  films  is  characterized  as  a  function  of  sputter- 
ing parameters  and  target  erosion.  The  zero-stress 
point  shifts  to  lower  cathode  voltages  as  the  target 
erodes.  The  zero-stress  point  was  always  character- 
ized by  the  same  cathode  current-Ar  pressure  relation- 
ship. 
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The  linear  stability  of  a  modulated  Taylor-Couette  sys- 
tem when  the  inner  cylindrical  boundary  consists  of  a 
crystalline  solid-liquid  interface  is  considered.  Both  ex- 
perimentally and  in  numerical  calculations,  it  is  found 
that  the  two-phase  system  is  significantly  less  stable 
than  the  analogous  rigid-walled  system  for  materials 
with  moderately  large  Prandtl  numbers.  A  numerical 
treatment  based  on  Floquet  theory  is  described,  which 
gives  results  that  are  in  good  agreement  with  prelimi- 
nary experimental  findings.  In  addition,  this  instability 
is  further  examined  by  carrying  out  a  formal  asymptotic 
expansion  of  the  solution  in  the  limit  of  large  Prandtl 
number.  It  is  surprising  that  the  determination  of  the 
linear  stability  of  the  two-phase  system  is  considerably 
simpler  than  that  of  the  rigid-walled  system,  despite  the 
complications  introduced  by  the  presence  of  the  crys- 
tal-melt interface. 
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Lead  titanate-zirconate  films  were  produced  by  laser- 
induced  vaporization  from  a  PZT  target  with  the  use 
of  a  focused  q-switched  Nd:YAG  laser.  Deposition  was 
onto  room-temperature  platinum-covered  silicon  sub- 
strates. Although  the  films  were  initially  amorphous  as 
indicated  by  x-rays,  they  crystallized  when  annealed. 
EDX  results  showed  that  the  film  and  targets  were 
similar  in  composition.  SEM  and  optical  dark  field 
micrographs  showed  a  structure  which  might  be  inter- 
preted as  a  sintered  assemblage  of  particulate.  A  pat- 
tern of  platinum  electrodes  was  sputter  deposited  onto 
each  sample  to  form  parallel  plate  capacitors  for  inves- 
tigating dielectric  and  ferroelectric  properties.  For  a 
2.5-micrometer-thick  film  annealed  at  700  C,  the  rel- 
ative dielectric  constant  was  approximately  that  of  the 
bulk  target.  Hysteresis  loops  were  obtained.  The 
remanent  polarization  was  5.1  microC/sq  cm  meas- 
ured at  a  1 60  kV/cm  peak  sinusoidal  field. 
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Thin  silicon  films  on  a  cooled  substrate  are  often  found 
to  develop  two-phase  lamellar  structures  upon  radi- 


ative heating.  Jackson  and  Kurtze  developed  a  two- 
dimensional  model  for  the  process  in  which  the  heated 
film  consists  of  alternating  parallel  bands  of  liquid  and 
solid  phases  separated  by  planar  solid-liquid  inter- 
faces. To  understand  the  cellular  or  dendritic  structures 
that  sometimes  are  observed  in  these  interfaces,  they 
also  performed  a  linearized  morphological  stability 
analysis  and  obtained  the  conditions  for  the  growth  or 
decay  of  infinitesimal  perturbations  to  the  interface.  In 
this  work  the  authors  extend  that  analysis  to  finite  am- 
plitudes by  developing  a  boundary  integral  representa- 
tion of  the  thermal  field,  and  obtain  steady-state  nu- 
merical solutions  for  nonplanar  solid-liquid  interfaces. 
Eigenvalue  calculations  to  determine  the  linear  stability 
of  the  nonplanar  solutions  are  also  performed.  The  ef- 
fects of  the  lateral  boundary  conditions  on  the  stability 
of  the  solutions  are  investigated  as  well. 
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Quantized  dissipative  voltage  states  are  observed 
when  large  currents  are  passed  through  a  high-quality 
quantized  Hall  resistance  device.  These  dissipative 
states  are  interpreted  as  occurring  when  electrons  are 
excited  to  higher  Landau  levels  and  then  return  to  the 
original  Landau  level.  We  show  that  the  quantization 
is  more  complicated  than  previously  thought.  For  ex- 
ample, the  quantization  can  be  a  function  of  magnetic 
field.  Therefore,  the  dissipative  voltage  quantization 
can,  in  general,  be  difficult  to  verify  and  determine. 
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Singularities  can  arise  in  area  minimizing  problems  in 
three  dimensions  when  three  or  more  contiguous  vol- 
umes separated  by  surfaces  are  considered.  In  a  soap 
froth,  the  catalog  of  singularities  has  two  members:  a 
trijunction  curve,  where  three  bubbles  meet  with  the 
three  surface  separating  them  meeting  with  120  de- 
gree dihedral  angles  along  a  curve,  and  a 
quadrijunction  point,  where  four  bubbles  and  four 
trijunctions  curves  meet  along  tetrahedral  angles  and 
where  there  are  six  surfaces,  each  spanning  a  pair  of 
trijunction  curves  (Taylor).  For  the  soap  froth,  all  sur- 
faces have  the  same  energy  per  unit  area,  and  thus 
surface  energy  minimization  is  the  same  as  area  mini- 
mization. Furthermore,  no  energy  is  assigned  to  the 
point  or  line  singularities.  Recent  research  has  fo- 
cussed  on  the  singularities  that  arise  when  the  problem 
is  altered  to  add  certain  complications,  some  realistic 
and  some  hypothetical. 
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Although  no  longer  explicitly  directed  toward  measure- 
ment of  the  Avogadro  constant,  we  continue  significant 
effort  on  lattice  period  measurement  in  monocrystalline 
silicon.  There  are  currently  operating  an  up-graded  x- 
ray/optical  interferometer  and  a  recently  established 
lattice  comparator.  We  report  the  status  of  measure- 
ments with  these  two  instruments. 


04,475 

PB94-1 99767       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (MSEL), 
Gaithersburg,  MD.  Polymers  Div. 
Hysteresis  Measurements  of  Remanent  Polariza- 
tion and  Coercive  Field  in  Polymers. 
Final  rept. 

B.  Dickens,  E.  Balizer,  A.  S.  DeReggi,  and  S.  C. 
Roth.  1992,  7p. 

Pub.  in  Jnl.  of  Applied  Physics  72,  n9  p4258-4264,  1 
Nov  92.  Sponsored  by  Naval  Surface  Warfare  Center, 
Silver  Spring,  MD. 

Keywords:  'Polymers,  'Ferroelectric  materials, 
'Hysteresis,  'Polarization(Charge  separation),  Re- 
prints, Electric  potential,  Electric  conductivity, 
'Remanent  polarization,  Coercive  fields. 

An  experimental  method  is  described  which  allows  es- 
timation of  remanent  polarization  and  coercive  fields 
without  assuming  functional  forms  for  the  capacitive 
and  electrical  resistance  terms.  The  method  can  be 
used  to  measure  polarization  in  specimens  with  volt- 
age-dependent conductivity  (often  arising  from  the 
presence  of  ions  in  the  specimens),  voltage-dependent 
capacitance,  and  significant  amounts  of  space  charge. 
It  consists  of:  (1)  performing  bipolar  current/voltage 
hysteresis  loops  to  allow  a  steady  state  of  remanent 
polarization  and  space  charge  to  build  up  in  the  speci- 
men, and  (2)  following  a  bipolar  loop  with  two  or  more 
unipolar  loops  in  the  first  unipolar  loop.  Both  sinusoidal 
and  linear  time-dependent  applied  voltages  may  be 
used.  Automatic  data  processing  of  hysteresis  loops 
is  described  for  cases  in  which  specimen  behavior  may 
be  considered  to  be  ideal. 
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It  is  known  that  the  kinematical  and  dynamical  theories 
of  diffraction  by  perfect  crystals  predict  the  same  val- 
ues for  the  intensities  scattered  into  the  vicinity  of  the 
Bragg  peaks  whenever  those  intensities  are  low.  Here 
we  address  the  question  of  whether  this  is  also  true 
throughout  the  region  between  two  Bragg  peaks.  We 
show  that  the  two  theories  give  equivalent  results  for 
the  weak  intensities  in  the  far  tails  of  the  Bragg  peaks, 
provided  better  approximations  for  both  the  shape  of 
the  dispersion  surface  and  the  boundary  conditions  are 
used:  One  needs  to  take  into  account  the  asymptotic 
sphericity  of  the  dispersion  surface  and  the  difference 
between  electric  and  displacement  fields.  This  results 
in  a  nontrivial  transmission  coefficient  for  the  diffracted 
electric  field  as  it  leaves  the  crystal.  By  explicitly  show- 
ing the  equivalence  of  kinematical  and  dynamical  re- 
sults, this  work  provides  additional  theoretical  support 
for  the  kinematical  approach  usually  adopted  to  de- 
scribe the  so-called  truncation-rod-scattering. 
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The  satellite  observed  at  a  binding  energy  of  12  to  13 
eV  below  the  Fermi  level  in  the  high  T(c)  oxide 
superconductors,  La(2-x)Sr(x)Cu04  and 

YBa2Cu30(7-delta),  is  viewed  as  originating  from  a 
state  with  two  holes  bound  at  the  same  Cu  site.  As 
in  the  case  of  Ni  metal,  the  satellite  is  caused  by  an 
intra  d-shell  shake-up  process  into  a  Cu  3d(8)  final 
state  and  its  intensity  is  enhanced  at  resonance  be- 
cause of  a  super  Koster-Kronig  transition.  Based  on 
the  t-matrix  approach  for  the  hole  self-energy,  the  au- 
thors study  the  effect  of  electronic  correlations  on  the 
one-electron  band  structure.  They  examine  the  posi- 
tion of  the  satellite  and  find  a  large  Coulomb  interaction 
energy  of  5  eV  at  the  Cu  site  when  the  experimental 
satellite  position  is  duplicated  by  the  theory.  Since  this 
energy  is  comparable  with  the  3d  bandwidth,  the  two- 
hole  bound  state  is  a  high  energy  excitation.  This  indi- 
cates that  in  the  ground  state  a  creation  of  two  holes 
at  the  Cu  site  is  unlikely  and  thus  holes  are  formed 
at  the  O  sites  when  Sr  is  substituted  for  La  in  La2Cu04 
and  when  the  oxidation  is  increased  in  YBa2CuO(7- 
delta). 
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The  fields  for  first  vortex  entry  and  last  vortex  exit,  H(1) 
and  H(2),  and  the  lower  critical  field  H(C1)  for  a  grain- 
aligned,  sintered  YBa2Cu30(7-delta)  superconductor 
have  been  determined  from  saturated  magnetic- 
hysteresis  loops  using  an  extended  critical-state 
model.  For  fields  oriented  along  the  grain  c  axis,  H(1) 
increases  with  decreasing  temperature,  showing  an 
upturn  below  50  K,  whereas  H(2)  remains  small  and 
positive,  in  general  agreement  with  the  theory  of  Bean^ 
Livingston  surface  barriers.  H(C1)  has  a  Bardeen-Coo- 
per-Schrieffer  temperature  dependence  above  50  K, 
but  it  rises  at  low  temperatures.  For  fields  oriented  in 
the  ab  plane,  H(C1 )  has  a  similar  temperature  depend- 
ence, but  surface  barriers  are  not  evident  in  the  mag- 
netization. 
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In  the  paper  the  authors  discuss  the  results  of  a  study 
undertaken  to  investigate  the  composition  and  thermal 
stability  of  ultraviolet/ozone  oxidized,  P2S5/(NH4)2S 
treated  GaAs(100)  surfaces.  In  particular,  the  authors 
have  used  x-ray  photoelectron  spectroscopy  and 
Auger  electron  spectroscopy  to  probe  the  oxide  and 
interface  at  room  temperature  and  as  a  function  of  an- 
nealing temperature.  The  room  temperature  data  indi- 
cate that  S  is  buried  between  the  oxide  overlayer  and 
the  GaAs  substrate.  This  oxide  contains  a  variety  of 
As  and  Ga  bonding  configurations  which,  after  mod- 
erate annealing,  are  transformed  into  thermally  more 
stable  phases,  such  as  As203  and  Ga203.  Complete 
desorption  of  the  oxide  occurs  after  annealing  at  600 
deg  C.  Annealing  the  as-oxidized  surface  to  high  tem- 
peratures also  has  a  profound  effect  on  the  S. 
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When  a  beam  of  x  rays  (about  1  keV)  impinges  on  a 
flat  surface  at  grazing  angles  (approx  =  or  <  3  deg) 
the  x  rays  undergo  total  external  reflection.  Under 
these  conditions,  the  penetration  depth  of  the  x  rays 
can  become  comparable  to  photoelectron  escape 
depths  and  the  photoelectron  yields  from  the  surface 
are  enhanced.  As  the  incidence  angle  of  the  x  rays  is 
increased,  and  x-ray  penetration  depth  increases  and 
the  photoelectron  yields  contain  a  larger  contribution 
from  deeper  layers  within  the  sample.  By  exploiting  this 
depth-dependence  of  photoelectron  yields  as  a  func- 
tion of  incident  x-ray  beam  angle,  it  is  possible  to  obtain 
information  about  the  depth  distribution  of  the 
photoelectron  emitting  atoms.  The  authors  have  used 
this  novel  application  of  grazing-incidence  x-ray 
photoelectron  spectroscopy  (GIXPS)  to  study  the  ultra- 
violet oxidized  GaAs(100)  surface.  Much  insight  into 
the  composition  and  depth-dependence  of  these  oxide 
phases  can  be  obtained  by  directly  comparing  the 
spectra  collected  at  different  x-ray  incidence  angles. 
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The  structural  and  superconducting  properties  of  gold- 
doped  YBa2Cu307  compounds  have  been  studied 
with  x-ray  and  neutron  diffraction,  optical  microscopy, 
weight-loss  analysis,  magnetization,  and  resistivity 
measurements.  The  solubility  of  Au  in  YBa2Cu307  is 
closed  to  10  at.  %,  below  which  all  samples  are  ther- 
mally stable  up  to  the  processing  temperature  (950  C). 
Metallic  Au  grains  precipitate  out  when  the  Au  content 
exceeds  10  at.  %.  Analysis  of  the  x-ray  and  neutron- 
scattering  intensities  shows  that  Au  substitutes  for  the 
Cu(1)  chain  site  exclusively  and  has  a  probable  va- 
lence state  of  Au(3+).  The  main  effect  of  Au  doping 
is  a  substantial  uniaxial  lattice  expansion,  while  the 
orthorhombic  structure  is  preserved.  The  authors 
present  a  detailed  set  of  structural  data  including  the 
Cu-0  bond  lengths  and  interplanar  distances  in  a  Au- 
doped  sample.  Unlike  all  other  known  dopants  on  Cu 
sites,  the  Au  dopant  is  not  detrimental  to  the 
superconducting  properties.  On  the  contrary,  T(c)  is 
slightly  enhanced  over  that  of  YBa2Cu307.  Such  an 
enhancement,  observed  for  the  first  time  for  a  Cu  site 
dopant,  is  intrinsic  and  reproducible.  The  authors  dis- 
cuss the  possible  causes  of  the  T(c)  increase  and  the 
features  of  Au  dopant  useful  in  the  investigation  of 
high-T(c)  superconductivity. 
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Using  high-resolution  x-ray  and  neutron  diffraction 
measurements,  the  authors  have  shown  that  gold  can 
be  doped  into  YBa2Cu307  (1:2:3)  up  to  10%  per  for- 
mula unit,  exclusively  at  the  Cu(1)  sites.  Au  doping 
causes  a  larger  uniaxial  expansion  along  the  c  axis, 
accompanying  an  increase  in  the  Cu(1)-0(1)  bond 
length  and  a  decrease  in  the  Cu(2)-0(1)  bond  length. 
The  superconducting  transition  temperature  (T(c))  is 
enhanced  upon  Au  doping  and  the  normal-state  trans- 
port properties  are  altered  even  for  small  levels  of  Au 
doping.  The  widely  held  belief  in  the  inert  nature  of  Au 
with  regard  to  high  T(c)  superconductors  is  therefore 
invalid.  These  findings  also  raise  questions  concerning 
results  using  single  crystals  grown  from  gold  crucibles. 
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Effective-mass  anisotropy  is  incorporated  into  a  self- 
consistent  phenomenological  theory  of  the  high  fre- 
quency electrodynamic  response  of  type-ll 
superconductors  in  the  mixed  state.  The  theory  ac- 
counts for  two-fluid  effects,  including  a  possible  aniso- 
tropic normal-fluid  contribution,  in  addition  to  nonlocal 
vortex  interaction.  The  approach,  applicable  to  the 
modeling  of  a  wide  range  of  complex  response  func- 
tions, is  illustrated  in  the  calculation  of  the  complex 
penetration  depths  and  surface  impedance  for 
uniaxially  anisotropic  type-ll  superconductors. 

04,484 

PB94-200367       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Boulder,  CO.  Electromagnetic  Technology  Div. 

Nonlinear  Response  of  Type-ll  Superconductors  in 

the  Mixed  State  in  Slab  Geometry. 

Final  rept. 

M.  W.  Coffey.  1993,  4p. 

Pub.  in  Physical  Review  B  47,  n22  p15  298-15  301, 
1  Jun  93.  Sponsored  by  Department  of  Energy,  Wash- 
ington, DC. 

Keywords:  "Type  2  superconductors, 
"Superconductors,  Penetration  depth,  Magnetic  per- 
meability, Boundary  conditions,  Electrical  conductivity, 
Electrodynamics,  Complexity,  Nonlinearity,  Vortices, 
Reprints. 

The  nonlinear  response  of  a  type-ll  superconductor  of 
finite  thickness  arising  from  vortex  motion  is  inves- 
tigated. The  results  of  the  phenomenological  theory  ex- 
tend the  complex  rf  magnetic  permeability  and  con- 
ductivity to  a  specific  regime  of  nonlinear  response.  Ex- 
plicit expressions  for  the  complex  penetration  depths, 
amplitudes,  fields,  and  densities  for  the  second-har- 
monic response  with  various  boundary  conditions  are 
presented. 
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Neutron  diffraction  data  with  double  isotopic  substi- 
tution using  two  isotopes  each  of  Fe  and  Cu  has  been 


obtained  on  six  samples  of  quasicrystalline  AlCuFe 
with  a  6D  face-centered  icosahedral  symmetry.  Cal- 
culations of  heteroatomic  and  homoatomic  pair  cor- 
relation functions  for  this  structure  have  been  made. 
The  authors  find  that  there  is  a  localized  position  of 
copper  on  a  6D  body  center  site  which  gives  a  clear 
but  still  qualitative  picture  of  the  structure  with  iron, 
copper,  and  aluminum  chemically  ordered  and  occupy- 
ing successive  concentric  'shells'  in  the  large  atom  sur- 
faces centered  at  the  two  major  atomic  positions,  n(1) 
=  left  bracket  0,  0,  0,  0,  0,  0  right  bracket  and  n(2)  = 
left  bracket  1,  0,  0,  0,  0,  0  right  bracket,  (indexed  with 
respect  to  a  primitive  unit  cell)  in  this  6D  NaCI  type 
structure.  There  is  an  indication  that  some  of  the  alu- 
minum is  mixed  with  the  iron  (or  is  encapsulated  in  a 
small  volume  inside  an  iron  surface). 
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Anharmonic  ionic  potentials  are  examined  to  study  the 
unusual  isotope  effect  exponents  for  the  high-T(c)  ox- 
ides. Numerical  solutions  of  Schrodinger's  equation  for 
a  double  well  potential  produce  electron-phonon  cou- 
pling constants  lambda  in  the  range  1 .5  to  4  for  a  mate- 
rial with  a  vanishing  isotope  effect  parameter  alpha. 
However,  low  phonon  frequencies  limit  T(c).  Within  our 
approximations,  double  well  potential  cannot  produce 
alpha,  >1/2.  However,  a  negative  quartic  perturbation 
to  a  harmonic  well  can  increase  alpha  above  1/2.  In 
the  extreme  strong  coupling  limit,  alapha  is  1/2  regard- 
less of  anharmonicity. 
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The  thermal  neutron  reaction  (10)B(n,  alpha)(7)Li  is 
used  to  measure  the  boron  concentration  on  the  sur- 
face of  silicon  wafers.  The  technique,  referred  to  as 
neutron  depth  profiling  (NDP),  requires  no  special 
sample  preparation.  Boron  is  determined  on  the  as-re- 
ceived wafers  at  a  level  of  10(sup  12)  to  10(sup  13) 
atoms/sq  cm.  A  boron  level  of  about  2  X  10(sup  12) 
atoms/sq  cm  is  found  at  the  wafer  surface  after  oxida- 
tion, epitaxial,  or  polycrystalline  silicon  deposition.  Ad- 
ditional measurements  are  given  from  SIMS  measure- 
ments of  multilayer  structures  on  silicon  also  showing 
the  presence  of  boron.  Ambient  air  appears  to  be  a 
significant  source  of  the  boron. 
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The  intensity  of  light  scattered  from  thermal  magnetic 
waves  in  thin  magnetic  films  with  large  perpendicular 
uniaxial  anisotropies  was  calculated.  The  anisotropies 
were  large  enough  to  pull  the  magnetization  out  of  the 


sample  plane.  The  intensity  of  light  scattered  from  the 
surface  magnetic  mode  in  a  3.0  monolayer  thick  fee 
Fe  film  grown  on  Cu(001 )  was  measured  as  a  function 
of  the  applied  in-plane  d.c.  magnetic  field.  The  meas- 
ured intensities  are  in  excellent  agreement  with  those 
calculated  using  the  magnetic  parameters  determined 
from  the  measured  values  of  the  surface  mode  fre- 
quency. Both  the  frequency  and  intensity  data  indicate 
that  the  magnetization  of  the  Fe  film  was  perpendicular 
to  the  sample  plane  in  zero  applied  field. 
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A  novel  effect  from  microwave  radiation  near  9.3  GHz 
applied  to  high-T(c)  YBa2Cu30(7-delta)  single  grain 
boundary  junctions  was  observed.  In  addition  to  the 
usual  Shapiro  steps  resulting  from  the  ac  Josephson 
effect,  constant  voltage  steps  with  voltages  halfway  be- 
tween the  voltages  of  the  Shapiro  steps  were  present. 
The  widths  of  these  'half-integral'  steps  were  meas- 
ured as  a  function  of  microwave  power,  and  the  influ- 
ence of  a  magnetic  field  was  investigated.  From  pre- 
vious results  on  high-T(c)  grain  boundary  junctions  and 
a  comparison  of  the  results  presented  here  with  single- 
and  multiple-junction  effects  in  low-T(c)  materials,  we 
conclude  that  the  half-integral  steps  are  likely  to  be  a 
result  of  grain  boundaries  being  composed  of  multiple 
junctions  in  parallel. 
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High  magnetic  field  (0.5  T  to  9  T)  measurements  of 
the  in-plane  transport  critical  current  density  J(c)  of 
YBa2Cu307  at  liquid  nitrogen  temperature  are  re- 
ported as  a  function  of  the  orientation  of  magnetic  field 
B  with  respect  to  the  a,b-plane.  In  contrast  to  earlier 
results  at  lower  fields  (<  3  T),  the  measurements  re- 
ported here  at  high  fields  reveal  a  J(c)  versus  angle 
curve  with  a  head-and-shoulders  shape  with  two  angu- 
lar regions  having  distinctly  different  behavior.  For 
magnetic  field  oriented  close  to  the  a,b-plane,  a  sharp, 
narrow  intrinsic-pinning  peak  in  J(c)  about  the  B  per- 
pendicular c-axis  is  observed;  on  either  side  of  the 
peak,  J(c)  is  still  relatively  high  and  nearly  independent 
of  magnetic  field  magnitude  and  angle.  However,  be- 
yond a  critical  angle  theta(c),  the  J(c)  versus  theta  de- 
pendence crosses  over  to  a  markedly  different  behav- 
ior, characterized  by  a  decrease  in  the  sharpness  of 
the  voltage-current  characteristic  and  a  rapid  decrease 
in  J(c).  To  take  advantage  of  the  high,  nearly  field-inde- 
pendent J(c)  on  either  side  of  the  intrinsic  pinning  peak, 
magnet  design  will  need  to  allow  an  adequate  angular 
margin  to  avoid  the  pinning  transition  at  theta(c). 
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The  specification  of  superconductors  is  needed  both 
in  the  purchase  of  practical  superconductors,  as  well 
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as  in  the  characterization  of  superconductor  materials 
for  research.  In  the  case  of  research,  the  emphasis  is 
usually  in  specifying  parameters  that  are  intrinsic  to  the 
material  such  as  the  critical  temperature  T(c)  and 
upper  critical  field  H(c2).  In  the  case  of  procuring 
superconductors  for  practical  applications,  the  primary 
concern  is,  rather,  with  the  extrinsic  parameters  such 
as  the  physical  shape  of  the  conductor,  critical  current, 
matrix  resistivity,  and  mechanical  properties.  The  em- 
phasis of  this  article  is  on  practical  superconductors 
and,  consequently,  specification  of  the  extrinsic  param- 
eters. The  extrinsic  parameters  are  described  under 
three  general  headings:  physical,  electrical,  and  me- 
chanical specification. 
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A  study  of  grain  alignment  and  its  effect  on  the  dc 
transport  critical  current  in  fine-grained  bulk 
Y1Ba2Cu30(7-delta)  is  reported  in  magnetic  fields 
from  10(sup  -4)  T  to  26  T.  This  paper  presents  a  sum- 
mary of  the  main  results.  The  data  are  interpreted  as 
evidence  for  two  parallel  components  for  intergranular 
current  conduction,  one  consisting  of  weak-linked  ma- 
terial, the  other  behaving  like  intrinsic  intragranular  ma- 
terial that  is  not  weak-linked.  A  comparison  with  un- 
aligned YBa2Cu307  indicates  that  the  volume  fraction 
of  such  nonweak-linked  material  is  significantly  en- 
hanced by  grain  alignment,  but  still  only  0.01  to  0.1% 
of  the  grain  boundary  area. 
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The  irreversible  strain  limit  epsilon(irrev)  for  the  onset 
of  permanent  axial  strain  damage  to  Ag-sheathed 
Bi2Sr2Ca1Cu20(8+x)  and  Bi2Sr2Ca2Cu3O(10+x) 
superconductors  has  been  measured  to  be  in  the 
range  of  0.2%-0.35%.  This  strain  damage  onset  is 
about  an  order  of  magnitude  higher  than  for  bulk  sin- 
tered Y-,  Bi-,  or  Tl-based  superconductors  and  is  ap- 
proaching practical  values  for  magnet  design.  The 
measurements  show  that  the  value  of  epsilon(irrev)  is 
not  dependent  on  magnetic  field,  nor  does  the  critical 
current  depend  on  strain  below  epsilon(irrev)  at  least 
up  to  25  T  at  4.2  K.  Both  of  these  factors  indicate  that 
the  observed  strain  effect  in  Ag-sheathed  Bi-based 
superconductors  is  not  intrinsic  to  the  superconductor 
material.  Rather,  the  effect  is  extrinsic  and  arises  from 
superconductor  fracture.  Thus,  the  damage  onset  is 
amenable  to  further  enhancement.  Indeed,  the  data 
suggest  that  subdividing  the  superconductor  into  fine 
filaments  or  adding  Ag  to  the  superconductor  powder 
prior  to  processing  significantly  enhances  the  damage 
threshold  epsilon(irrev)  to  above  0.6%. 
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Thin-film  contacts  to  YBa2Cu307  have  been  fab- 
ricated by  an  in  situ  noble-metal  process  and  patterned 
down  to  2X2  sq  micrometers;  at  this  small  size,  the 
contacts  carry  transport  current  over  10(sup  6)  A/sq  cm 
while  maintaining  a  specific  contact  resistivity  rho(sub 
c)  in  the  10(sup  -8)  to  10(sup  -9)  ohm  sq  cm  range. 
No  oxygen  annealing  was  used  in  the  processing,  thus 
avoiding  the  problem  of  silver  or  gold  agglomeration, 
as  well  as  preserving  a  sharp  interface  for  Josephson- 
device  applications.  Rho(sub  c)  was  measured  to  in- 
crease only  about  25%  as  temperature  was  increased 
from  4  to  90  K.  The  measurements  were  carried  out 
on  a  series  of  film  morphologies  using  both 
superconductor-normal  metal  and  superconductor- 
normal  metal-superconductor  test  structures;  a  care- 
fully designed  test  pattern  was  used  to  correct  for 
spreading  conduction  in  the  noble-metal  contact  layer. 
The  contacts  were  ohmic  with  voltage-current  charac- 
teristics that  were  linear  over  more  than  four  orders  of 
magnitude. 
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The  magnetic  structure  has  been  measured  with  neu- 
tron scattering  and  SQUID  magnetometry  for  a  number 
of  epitaxial  multilayers  and  films  of  the  magnetic  rare- 
earths  dysprosium  and  erbium  grown  with  non-mag- 
netic yttrium.  In  almost  all  cases  the  first  order  ferro- 
magnetic phase  transitions  are  suppressed,  although 
the  Neel  temperatures  are  within  5%  of  the  bulk  values. 
The  observed  critical  fields  are  explained  by  including 
epitaxial  constraints  with  the  bulk  theory  of 
magnetoelasticity. 


04,496 

PB94-211869       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (MSEL), 
Gaithersburg,  MD.  Reactor  Radiation  Div. 
Fast-Ion  Conduction  and  Disorder  in  Cation  and 
Anion  Arrays  in  Y2(ZryTi(1-y))207  Pyrochlores  In- 
duced by  Zr  Substitution:  A  Neutron  Rietveld  Anal- 
ysis. 
Final  rept. 

C.  Heremans,  B.  J.  Wuensch,  J.  K.  Stalick,  and  E. 
Prince.  1993,  6p. 

Pub.  in  Materials  Research  Society  Symposium  Pro- 
ceedings, v293  p349-354  1993. 

Keywords:  'Order-disorder  transformations,  'Ionic 
conductivity,  'Crystal  structure,  Zirconium  additions, 
Reprints,  Yttrium  zirconate  titanates,  Rietveld  method, 
Pyrochlore  structure. 

Structural  refinements  have  been  carried  out  on  the 
Y2(Zr(y)Ti(1-y))207  system  for  increasing  amounts  of 
Zr  substitution.  The  structure  changes  from  an  ordered 
pyrochlore  structure  (superstructure  of  the  fluorite 
structure)  to  an  anion-deficient  fluorite  structure.  Sepa- 
rate processes  govern  the  disordering  of  the  cation  and 
anion  arrays.  In  particular,  the  anions  begin  to  disorder 
at  lower  values  of  y  than  the  cations.  For  intermediate 
compositions,  a  minor  amount  of  fluorite  phase  coex- 
ists with  the  primary  partially-disordered  pyrochlore 
phase. 
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A  method  of  ultrasonic  resonance  is  used  to  determine 
the  elastic  constants  of  isotropic  cylinders.  As  applied 
in  this  study,  this  method  implies  simultaneous  applica- 
tion of  approximate  techniques  to  solve  for  the  equa- 
tions of  motion  of  the  cylinder  and  an  experimental 
measurement  of  the  natural  frequencies  of  free  vibra- 
tion. Optimal  estimates  for  the  elastic  constants  are  ob- 
tained by  minimizing  the  differences  between  these 
values.  Two  separate  examples  are  considered  in  this 
study,  with  promising  results. 
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In  two-dimensional  polycrystals  composed  of  alpha- 
phase  and  beta-phase  grains  the  stability  of  three- 
grain  junctions  and  four-grain  junctions  depends  on  the 
interfacial  energies.  A  computer  simulation  which  gen- 
erates thermodynamically  consistent  microstructures 
for  arbitrary  interfacial  energies  has  been  used  to  in- 
vestigate microstructural  evolution  in  such  polycrystals 
when  phase  volume  is  not  conserved.  Since  grain 
shapes,  phase  volume,  and  phase  arrangements  are 
dictated  by  interfacial  energies,  clustered-,  alternating- 
,  isolated-,  and  single-phase  microstructures  occur  in 
different  interfacial  energy  regimes.  Despite  great  dif- 
ferences in  microstructure,  polycrystals  which  contain 
only  three-grain  junctions  evolve  with  normal  grain 
growth  kinetics.  In  contrast,  structures  containing  flexi- 
ble four-grain  junctions  eventually  stop  evolving.  We 
conclude  that  two  dimensional  polycrystals  continually 
evolve  when  grain  junction  angles  are 
thermodynamically  fixed,  while  grain  growth  ultimately 
ceases  when  grain  junction  angles  may  vary.  Pre- 
dictions concerning  three-dimensional  and  phase-vol- 
ume conserved  systems  are  made. 
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The  structure  of  YSr2AICu207  has  been  analyzed  by 
neutron  powder  diffraction  techniques.  This  compound 
crystallizes  with  space  group  P4/mmm  symmetry  and 
with  lattice  parameters  a  =  3.8646(1),  c  =  11.1139(3)A. 
The  general  structural  features  of  YSr2AICu207  are 
similar  to  those  found  for  the  123  superconductor 
YBa2Cu30(6+x),  and  in  particular  the  sequence  of  lay- 
ers is  the  same  in  the  two  materials,  with  SrO  substitut- 
ing for  BaO.  The  Al  ions  substitute  for  the  copper  ions 
of  the  chain  sites  of  the  123  parent  structure  and  have 
tetrahedral  coordination.  The  tetrahedra  form  chains 
propagating  along  the  a  and  b  axes  on  the  basal  plane 
of  the  unit  cell.  Thus  the  structure  is  made  of  short- 
range  domains  within  which  the  local  symmetry  is 
orthorhombic.  All  of  the  oxygen  atoms  in  this 
compound  have  a  disordered  configuration  around  the 
specialized  positions  of  the  123  structure.  This  ar- 
rangement results  in  tilting  of  the  Cu05  pyramids  and 
in  significant  distortions  of  the  coordination  polyhedra 
of  the  other  cations. 
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We  present  valence  and  core-level  photoemission 
measurements  from  vacuum-fractured,  single-crystal 
barium  titanate.  These  results  resolve  contradictory 
measurements  in  the  literature  which  have  employed 
other  methods  of  sample  surface  preparation.  The  va- 
lence-shell electronic  structure  is  compared  with  pre- 
viously published  results  of  band  structure  and  cluster 
calculations.  Resonant  photoemission  is  used  to  probe 
the  covalent  coupling  between  titanium  and  oxygen  in 
the  cubic  and  tetragonal  phases  of  this  ionic 
compound.  Photoelectron  spectra  of  the  Ti  2p  and  O 
Is  core  levels  reveal  the  valence  of  these  two  ions  to 
be  Ti02-like.  Valence,  core,  satellite,  and  Auger  transi- 
tions are  also  assigned  and  tabulated. 
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When  clean,  vacuum-fractured  surfaces  of  BaTi03  are 
analyzed  using  ultraviolet  and  x-ray  photoelectron 
spectroscopy  (UPS  and  XPS),  more  than  one  set  of 
barium  core  levels  is  observed.  Sputtering  the  surface 
with  ions  removes  lower-binding-energy  intensity  with- 
in the  barium  line  shapes  in  UPS  spectra  while  little 
change  is  noted  in  XPS.  Sputtering  of  the  surface  also 
causes  band  bending  and  the  creation  of  band-gap 
surface  states  of  Ti  3d  character.  From  a  comparison 
of  UPS  and  XPS  Ba  4d  line  shapes  from  a  vacuum- 
fractured  surface,  the  lower-binding-energy  compo- 
nent is  assigned  to  barium  with  12-fold  oxygen  coordi- 
nation representative  of  bulk  stoichiometry;  the  higher- 
binding-energy  intensity  originates  from 
undercoordinated  barium  in  the  region  of  the  sample 
surface.  Reasonable  values  for  the  energy-dependent 
attenuation  length  of  electrons  in  BaTi03  are  derived 
from  the  relative  intensities  of  bulk  and  surface  compo- 
nents using  a  simple  model  of  electron  attenuation. 
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The  flux  expulsion  behavior  at  an  intermediate  field  H 
was  studied  for  type-ll  superconductors  Nb3Sn. 
YBa2Cu307,  and  Bi2Sr2CaCu208.  Based  on  a  tem- 
perature-dependent critical-state  model,  magnetization 
as  a  function  of  temperature,  M(T),  for  the  zero-field- 
cooled  (ZFC)  measurement  was  used  to  predict  flux 
expulsion  in  the  field-cooled  (FC)  measurement  and  to 
construct  the  internal  flux  profiles  for  both  ZFC  and  FC 
at  an  applied  field  of  1  T.  The  model  includes  empirical 
relations  of  the  temperature  dependence  of  the  revers- 
ible magnetization,  and  the  critical  current  density.  Var- 
ious M(T)  patterns  are  demonstrated  by  the  exponent 


n,  varying  from  2  for  Nb3Sn  to  over  20  for 
Bi2Sr2CaCu208. 
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The  novel  concept  of  offset  susceptibility  chi(0)  is  pre- 
sented for  superconductors  in  applied  fields  H(dc)  + 
H(ac)  sin  (omega)t.  Chi(0)  represents  the  dc  compo- 
nent of  the  time-dependent  magnetization  M(t).  For 
sintered  YBa2Cu307,  chi(0)  was  measured  as  a  func- 
tion of  H(ac),  H(dc),  and  temperature  using  a  Hall 
probe  magnetometer  and  Fourier  analysis.  For 
intragranular  diamagnetism,  chi(0)  behaves  as  the  real 
part  of  complex  fundamental  susceptibility  chi'(1),  con- 
firming a  London-like  field  penetration.  However,  chi(0) 
arising  from  intergranular  coupling  is  positive  at  tem- 
peratures just  below  the  onset  of  the  coupling  transi- 
tion, in  good  agreement  with  theoretical  predictions  of 
a  simplified  Kim  critical-state  model  of  magnetization. 
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The  Ni  and  Co  mono-  and  di-silicides  are  studied  by 
soft  x-ray  emission  spectroscopy.  The  Si  L(2,3)  spec- 
tra, which  provide  a  measure  of  the  partial  densities 
of  states  of  s  and  d  angular  momentum  symmetry 
((s+d)-PDOS)  localized  on  the  Si  site,  are  compared 
with  available  theoretical  calculations,  and  discussed 
in  terms  of  the  contribution  of  s  electrons  to  the  bond- 
ing. The  Ni  and  Co  M(2,3)  emission  spectra  are  also 
obtained,  and  analyzed  to  provide  information  about 
the  d-PDOS  localized  at  the  metal  site.  These  spectra 
are  discussed  in  terms  of  p-d  bonding  in  the  siiicides. 
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Materials  formulation  and  processing  research  are  im- 
portant industrial  processes  and  most  materials  know- 
how  comes  from  physical  experiments.  Our  impres- 
sion, based  on  discussions  with  materials  scientists,  is 
that  statistically  planned  experiments  are  infrequently 
used  in  materials  research.  This  scientific  and  engi- 
neering area  provides  an  excellent  opportunity  for  both 
using  the  available  techniques  of  statistically  planned 
experiments,  including  mixture  experiments,  and  iden- 
tifying opportunities  for  collaborative  research  leading 
to  further  advances  in  statistical  methods  for  scientists 
and  engineers.  This  paper  describes  an  application  of 
Scheffe's  (1958)  simplex  approach  for  mixture  experi- 
ments to  formulation  of  high-temperature 
superconducting  compounds.  This  example  has  given 


us  better  appreciation  of  the  needs  of  materials  sci- 
entists and  has  provided  us  opportunities  for  further 
collaborative  research. 
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The  amplitudes  of  Shapiro  steps  are  measured  at  tem- 
peratures up  to  77  K  for  a  superconductor-normal 
metal-superconductor  Josephson  weak  link  fabricated 
from  YBa2Cu30(7-delta)  with  a  Ag-Au  alloy  bridge. 
The  step  amplitudes  are  found  to  be  in  agreement  with 
calculations  based  on  the  resistively  shunted-junction 
model  when  the  Johnson  noise  of  the  junction  resist- 
ance is  included. 
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A  detailed  comparison  between  theory  and  experiment 
is  used  to  demonstrate  the  presence  of  self-heating  in 
the  Coulomb-blockade  electrometer.  When  three  dif- 
ferent heating  models  are  considered,  the  best  fit  with 
experimental  electrometer  characteristics  is  obtained 
for  a  model  in  which  the  electron  temperature  of  the 
island  electrode  is  determined  by  heat  transfer  to  the 
lattice  via  electron-phonon  coupling.  In  the  successful 
model,  the  temperature  of  the  island  electrons  is  relat- 
ed to  the  power  dissipated  in  the  island  and  the  tem- 
perature of  the  phonons.  The  best  fit  between  theory 
and  experiment  yields  a  value  of  electron-phonon  cou- 
pling parameter  for  the  electron-phonon  coupling  in 
aluminum.  Our  calculations  show  that  the  electron  tem- 
perature of  the  island  commonly  exceeds  1 00  mK  even 
when  the  lattice  remains  at  35  mK. 
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We  have  used  scanning  electron  microscopy  (SEM) 
and  energy  dispersive  x-ray  spectroscopy  (EDS)  to 
study  compositional  homogeneity  at  several  stages  in 
the  processing  of  powders  to  the  Ba2YCu30x  high 
T(c)  superconductor.  We  investigated  the  effects  of  so- 
lution pH  and  ionic  concentration  in  the  precipitation 
preparation  of  mixed  hydroxycarbonates  of  Ba,  Y,  and 
Cu  as  precursor  to  the  Ba2YCu30(7-x)  high  T(c) 
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superconductor.  Our  results  show  that  both  powder  ho- 
mogeneity and  particle  morphology  are  strongly  de- 
pendent on  these  parameters.  Additionally,  studies  of 
the  compacted  powders  by  EDS  mapping  at  succes- 
sive stages  of  processing  show  the  development  of 
phase  inhomogeneities,  even  in  homogeneous  starting 
powders. 
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This  paper  reports  on  two  thin  film  media  alloys 
Co(86)Cr(12)Ta(2)  and  Co(75)Ni(25)  which  have  very 
different  noise  characteristics.  The  magnetic 
microstructure  of  these  films  were  observed  with 
SEMPA.  The  variance  of  the  magnetization  across  the 
transition  region  was  calculated.  The  origin  of  anisot- 
ropy was  determined  by  measuring  the  temperature 
coefficients  of  H(c)  and  M(s).  The  interaction  strengths 
between  grains,  M(H),  were  obtained  from  the  meas- 
urements of  the  reverse  demagnetization  remanence 
Md(H),  and  the  forward  magnetization  remanence 
Mr(H).  We  found  that  the  CoNi  film  showed  a  greater 
degree  of  interparticle  interaction  which  may  explain 
the  observed  cross-bit  linkages  in  SEMPA  image,  larg- 
er RMS  transition  variation,  and  higher  modulation 
noise. 
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Some  examples  of  applications  of  synchrotron  radi- 
ation to  materials  science  demonstrate  the  importance 
of  microstructure  information  within  structural  as  well 
as  functional  materials  in  order  to  control  their  prop- 
erties and  quality  as  designed  for  industrial  purposes. 
To  collect  such  information,  x-ray  imaging  in  quasi  real 
time  (50-100  sec  time  intervals)  is  required  in  either 
the  microradiographic  mode  or  the  diffraction  (in  trans- 
mission) mode.  New  measurement  technologies 
based  on  imaging  are  applied  to  polycrystalline  mate- 
rials, single  crystal  materials  and  multilayered  device 
materials  to  illustrate  what  kind  of  synchrotron  radiation 
facility  is  most  desirable  for  materials  science  and  engi- 
neering. 
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Neutron  depth  profiling  (NDP)  is  a  method  of  near  sur- 
face analysis  for  isotopes  that  undergo  neutron-in- 
duced positive  Q-value  charged  particle  reactions, 
e.g.,  (n, alpha),  (n,p).  Because  of  its  large  cross  section 
and  large  Q-value,  the  (10)B(n,alpha)(7)Li  reaction  has 
been  widely  employed  for  NDP  studies.  We  have  used 
the  NDP  technique  to  study  the  concentration  and  dis- 
tribution of  boron  in  CVD  diamond  layers.  The  meas- 
urements were  made  using  the  new  Cold  Neutron 
Depth  Profiling  instrument  at  the  NIST  Cold  Neutron 
Research  Facility.  The  diamond  samples  were  pre- 
pared at  the  Materials  Research  Laboratory  at  the 
Pennsylvania  State  University.  The  doped  diamond 
single  crystal  films  were  grown  by  microwave  plasma 
chemical  vapor  deposition  from  a  mixture  of  methane, 
hydrogen  and  diborane.  Natural  type  Ha  crystals  cut 
along  the  (001 )  plane  were  used  as  substrates.  Results 
of  the  measurements  are  presented. 
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Magnetic  measurements  of  Ni-Cu  compositionally 
modulated  alloys  prepared  by  electrochemical  deposi- 
tion suggest  a  high  degree  of  perfection  is  achieved. 
The  magnetic  behavior  closely  resembles  that  of  bulk 
nickel  and  suggests  little  interdiffusion  between  the 
copper  and  the  nickel.  The  high  value  of  the  saturation 
magnetization  implies  that  no  magnetic  dead  layer  ex- 
ists at  the  nickel/copper  interface  for  wavelengths 
greater  than  2.5  nm.  A  magnetic  after  effect  has  been 
found  which  increases  with  decreasing  temperature 
and  is  a  maximum  at  the  coercive  field.  The  electro- 
chemical technique  has  progressed  to  the  point  where 
third  order  satellites  are  now  commonly  observed,  sug- 
gesting a  very  square  composition  profile.  Continuous 
layers  of  copper  as  thin  as  5  A  (about  2  monolayers) 
have  been  produced. 
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We  measured  the  elastic  constants  of  polycrystalline 
Y1Ba2Cu30x  with  eleven  oxygen  contents  varying 
from  6.2  to  6.9.  Reported  properties  include  sound  ve- 
locities; bulk,  shear,  Young's  moduli;  Poisson  ratio; 
Debye  temperature.  After  correction  to  the  void-free 
state,  the  measurements  fail  to  show  a  systematic  de- 
pendence on  oxygen  content.  Focusing  on  the  bulk 
modulus,  all  measurements  fall  below  an  ionic-crystal 
model  prediction,  by  5-50%.  We  attribute  this  macro- 
scopic softness  to  either  microcracks  or  weak  grain- 
boundary  mechanical  linkages.  For  the  case  x  =  6.9, 
we  suggest  a  set  of  intrinsic  elastic  constants. 
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By  an  ultrasonic  method,  we  measured  the  elastic  con- 
stants of  polycrystalline  La(1.85)M(0.15)CuO4  with 
M=Ca,  Ba,  Sr.  These  materials  show  zero-resistance 
normal-superconductive  transition  temperatures  of  19, 
28,  and  36  K.  Versus  T(c),  all  the  elastic  stiffnesses 
-  bulk  modulus,  Young  modulus,  shear  modulus  -  in- 
crease. Derived  from  the  elastic  constants  and  aver- 
age atomic  volume,  the  Debye  temperature  increases 
linearly  with  T(c).  In  conventional  BCS 
superconductors,  T(c)  decreases  with  increasing  1 
Theta(D). 
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Using  ultrasonic  methods,  we  measured  the  elastic 
constants  of  polycrystalline  Y1Ba2Cu30x  between 
295  and  4  K.  For  a  single  specimen,  using  vacuum  an- 
nealing and  oxygen  annealing,  we  varied  the  oxygen 
content  in  four  steps  from  x=6.2  to  x=6.9.  Elastic 
stiffnesses  that  depend  mainly  on  shear  modes  in- 
crease monotonically  with  increasing  oxygen  content. 
Stiffnesses  that  depend  on  dilatation  modes  increase 
up  to  about  x=6.7  and  then  decrease.  The  elastic 
Debye  temperature,  which  depends  mainly  on  shear 
modes,  increases  monotonically,  in  agreement  with  the 
specific-heat  Debye  temperature.  An  ionic-model  cal- 
culation for  the  bulk  modulus  and  Debye  temperature 
predicts  a  monotonic  increase  for  both.  We  conjecture 
that  the  irregular  oxygen-content  dependence  of  the 
dilatation-mode-related  elastic  constants  arises  from 
changes  in  copper-oxygen  valences. 
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Conventional  spin  wave  theory  works  remarkably  well 
in  describing  the  spin  dynamics  of  both  Invar  and  non- 
Invar  isotropic  ferromagnets,  with  the  important  excep- 
tion that  for  Invar  systems  the  magnetization  de- 
creases much  more  rapidly  with  temperature  than  can 
be  explained  based  on  the  measured  spin  wave  dis- 
persion relations.  We  have  been  carrying  out  triple-axis 
polarized  inelastic  neutron  scattering  experiments  on 
the  amorphous  ferromagnets  Fe86B14  (Invar  system) 
and  Fe40Ni40P14B6  (METGLAS  (R(circled))  2826)  in 
order  to  separate  the  longitudinal  magnetic  fluctuations 
from  the  transverse  (spin  wave)  excitations,  and  there- 
by determine  if  the  presence  of  longitudinal  excitations 
might  resolve  this  discrepancy.  The  present  measure- 
ments exhibit  longitudinal  excitations  below  t(c),  but  in 
both  materials.  Possible  interpretations  of  the  results 
are  discussed. 
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During  the  past  decade,  scientific  and  technological  in- 
terest in  the  properties  of  surfaces  and  interfaces  has 
grown  at  an  astounding  rate.  Electron,  atomic  beam, 
and  x-ray  diffraction  techniques  have  been  used  to 
study  surface  or  near  surface  problems.  Neutrons  can 
also  be  used  in  many  cases  and  because  neutrons  can 
distinguish  between  different  isotopes  of  the  same  ele- 
ment, most  notably  hydrogen  and  deuterium,  as  well 
as  couple  to  atomic  magnetic  moments  via  a  dipolar 
interaction,  they  can  be  an  indispensable  and  com- 
plementary probe.  The  purpose  of  this  paper  is  to  give 
a  concise  description  of  the  methodology  of  neutron 
reflectometry,  multilayer  diffraction,  and  grazing  angle 
diffraction,  including  specific  examples  of  the  charac- 
terization of  magnetic,  superconducting,  and  polymeric 
surfaces  or  interfaces. 
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The  structures  of  Pb2Sr2YCu30(8  +  delta)  with  delta 
=  1.46,  1.61,  1.71,  have  been  determined  by  powder 
neutron  diffraction  data.  As  previously  shown  for 
Pb2Sr2YCu30(9.32),  the  extra  oxygen  atoms  are  in- 
corporated on  the  Cu  layer  sandwiched  between  two 
PbO  layers.  The  structural  refinements  indicated  that 
the  most  stable  structure  is  that  of  Pb2Sr2YCu30(9.5) 
in  which  the  two  possible  oxygen  sites  on  the  Cu  layer 
are  filled  up  to  75%.  These  extra  oxygen  atoms  give 
rise  to  superstructures  and  change  the  coordination  of 
the  cations  belonging  to  the  (PbO)(Cu)(PbO)  blocks. 
In  Pb2Sr2YCu30(9.5)  the  Cu  cations  inside  these 
blocks  are  surrounded  by  an  oxygen  pyramid,  while  the 
Pb  cations  are  surrounded  by  seven,  eight,  or  nine  oxy- 
gen atoms,  depending  upon  the  specific  site  in  the  su- 
perstructure. At  the  same  time,  the  valences  of  these 
cations  increase  from  1+  to  2+  for  Cu  and  from  2+  to 
4+  for  half  of  the  Pb.  The  oxidation  of  the  Pb  cations 
hinders  the  charge  transfer  from  the  CuO(1.5)  layers 
to  the  superconducting  (Cu02)(Y)(Cu02)  blocks  and 
the  oxidation  of  Pb2Sr2YCu308  does  not  lead  to  a 
superconducting  state.  Every  sample  we  analyzed 
should  be  considered  either  an  oxygen-deficient 
compound  or  one  containing  an  excess  oxygen  with 
respect  to  the  Pb2Sr2YCu30(9.5)  structure. 
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Using  the  lattice  Green's  function  approach  and  LCAO 
(linear  combination  of  atomic  orbitals)  electron  theory, 
we  investigate  the  atomistic  configuration  and  lattice 
trapping  of  cracks  in  Si.  The  LCAO  electron  theory  cou- 
pled to  second  order  perturbation  (SOP)  theory  has 


been  used  to  derive  explicit  expressions  for  the  bond 
breaking  non-linear  forces  between  Si  atoms.  We  cal- 
culate the  cracked  lattice  Green's  functions  for  a  crack 
on  the  (111)  plane  and  lying  in  the  (110)  direction.  With 
the  non-linear  forces  acting  in  a  cohesive  region  near 
the  crack  tips,  the  crack  structure  is  then  calculated. 
The  calculated  structure  possesses  a  crack  opening  at 
the  Griffith  load  which  should  allow  penetration  of  typi- 
cal external  molecules  to  the  crack  tip  at  the  Griffith 
loading.  Other  consequences  for  chemical  reactions  at 
the  crack  tip  are  discussed  in  the  light  of  these  results. 
The  lattice  trapping  is  low,  only  a  few  percent  of  the 
Griffith  load. 
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A  simple,  compact  Cr  evaporator  is  constructed  by 
electroplating  Cr  metal  onto  the  tip  of  a  W  hairpin  fila- 
ment. At  5  cm  from  the  evaporator,  deposition  rates 
up  to  10  nm/min  (flux  approx  =  10(sup  19)  atoms/sq 
m/s)  have  been  obtained,  with  total  deposition  thick- 
ness in  excess  of  400  nm.  Auger  analyses  of  thin  films 
deposited  in  ultrahigh  vacuum  show  impurities  below 
detectability. 
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An  important  problem  in  the  process  of  crystal  growth 
from  the  melt  phase  is  to  understand  the  interaction 
of  the  crystal-melt  interface  with  fluid  flow  in  the  melt. 
This  area  combines  the  complexities  of  the  Navier- 
Stokes  equations  for  fluid  flow  with  the  nonlinear  be- 
havior of  the  free  boundary  representing  the  crystal- 
melt  interface.  Some  progress  has  been  made  by 
studying  explicit  flows  that  allow  a  base  state  cor- 
responding to  a  one-dimensional  crystal-melt  interface 
with  solute  and/or  temperature  fields  that  depend  only 
on  the  distance  from  the  interface.  This  allows  the 
strength  of  the  interaction  between  the  flow  and  the 
interface  to  be  assessed  by  a  linear  stability  analysis 
of  the  simple  base  state.  The  case  of  a  time-periodic 
Taylor-Couette  flow  interacting  with  a  cylindrical  crys- 
talline interface  is  currently  being  investigated  both  ex- 
perimentally and  theoretically;  some  preliminary  re- 
sults are  given  here.  The  results  indicate  that  the  effect 
of  the  crystal-melt  interface  in  the  two-phase  system 
is  to  destabilize  the  system  by  an  order  of  magnitude 
relative  to  the  single-phase  system  with  rigid  walls. 
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The  development  of  a  Monte  Carlo  electron  trajectory 
simulation  for  application  to  scanning  electron  micros- 
copy and  x-ray  microanalysis  involves  several  possible 
choices  of  elastic  scattering  and  energy  loss  models, 
as  well  as  for  inner  shell  ionization.  The  problem  of  es- 
tablishing proper  weighting  for  the  simulation  of 
multicomponent  targets  must  also  be  considered. 
While  there  is  an  extensive  base  of  pure  element  ex- 
perimental data  for  comparison  to  calculations,  rel- 
atively little  data  is  available  on  multi-component  tar- 
gets. 
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The  compound  AINb04  has  been  studied  by  single 
crystal  x-ray  precession  photographs  and  x-ray  powder 
diffraction.  Unit  cell  dimensions  were  calculated  using 
a  least  squares  analysis  that  refined  to  a  Delta  2  theta 
deg  of  no  more  than  0.03  deg.  An  orthorhombic  cell 
was  found  with  space  group  C2/m,  a  =  121558(5)A, 
B  =  3.7345(2)A,  c  =  6.4886(3)A,  and  beta  =  107.613(4) 
deg. 
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Powder  neutron  diffraction  and  Rietveld  analysis  were 
used  to  investigate  the  crystal  structures  of  hydrated 
and  deuterated  samples  of  Na(x)WO(3+x/2)(d0t)yH2O 
(x  approx.  =  0.17,  y  approx.  =  0.23).  The  compound, 
which  crystallizes  with  the  symmetry  of  space  group 
P6/mmm,  is  related  to  the  hexagonal  tungsten  bronze 
structure  but  differs  from  it  due  to  the  presence  of  so- 
dium and  oxygen  along  the  hexagonal  tunnel.  Some 
of  the  oxygens  appear  in  the  structure  as  water  mol- 
ecules. The  oxygen  is  disordered  along  the  z  axis  in 
the  hexagonal  cavity  with  sodium  in  the  hexagonal  win- 
dow. 
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The  magnetism  at  the  surface  of  a  Cr  film  grown 
epitaxially  on  a  Fe(100)  whisker  is  observed  as  a  func- 
tion of  Cr  thickness  by  scanning  electron  microscopy 
with  polarization  analysis.  Use  of  a  wedge-shaped  film 
of  linearly  increasing  thickness  allows  the  magnetism 
to  be  followed  continuously  for  75  Cr  layers.  Over  the 
temperature  range  measured  from  just  below  the  Neel 
temperature  of  bulk  Cr,  T(N),  to  1.8  T(N),  the  surface 
magnetic  moment  is  seen  to  persist  and  change  direc- 
tion with  each  additional  Cr  layer,  but  there  are  phase 
slips  in  this  antiferromagnetic  ordering.  These  are  con- 
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sistent  with  an  incommensurate  spin  density  wave 
(SDW)  in  the  Cr  film  having  a  wavelength  of  40  layers 
at  T(N).  An  irregularity  in  the  antiferromagnetic  stack- 
ing order  in  the  first  four  layers  is  discussed  and  the 
behavior  of  the  moments  at  the  subsequent  phase  slip 
is  examined.  The  limitations  which  prevent  the  deter- 
mination of  the  surface  magnetic  moment  from  the  spin 
polarization  of  secondary  electrons  are  discussed. 
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The  method  of  least  squares  is  a  powerful  technique 
for  estimating  the  parameters  of  a  model  given  a  set 
of  observations.  In  the  Rietveld  method,  the  observa- 
tions are  the  intensities  of  neutrons  or  x-rays  in  a  pow- 
der diffraction  pattern,  and  the  model  predicts  these  in- 
tensities as  a  function  of  background,  peakshape  and 
crystallographic  parameters.  The  loss  of  information 
due  to  overlapping  peaks  can  be  compensated  for  by 
incorporating  additional  information,  such  as  chemical 
composition,  noncrystallographic  symmetry  and  rigid 
body  motion,  in  the  model  by  means  of  constraints  and 
restraints.  Careful  attention  to  the  efficiency  and  stabil- 
ity of  refinement  procedures  is  important.  Statistical 
analysis  can  be  used  to  assess  the  uncertainties  in  the 
parameters  of  a  refined  model  and  to  compare  two  or 
more  models. 
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dc  magnetic  hysteresis  as  well  as  flux  penetration  and 
flux  expulsion  were  investigated  in  Tl(2- 
y)Ba2CaCu20(8-x)  polycrystals  and  monocrystals.  All 
measurements  were  performed  at  35  K  and  in  the  0- 
5  T  field  range.  Hysteresis  measurements  revealed  an 
irreversibility  field  of  about  2  T.  Existing  models  predict 
identical  field-cooled  (fc)  and  zero-field-cooled  (zfc) 
magnetizations  and  vanishing  time  dependence  above 
this  field.  Although  the  identical  fc  and  zfc  magnetiza- 
tions are  in  fact  observed,  the  time  dependence  van- 
ishes only  for  flux  penetration  after  zero-field  cooling; 
a  remanence  is  preserved  after  field  cooling  and  de- 
cays with  a  finite  relaxation  rate.  Activation  energies 
calculated  on  the  basis  of  the  thermal  activation  model 
display  a  pronounced  field  dependence,  and  are  lower 
for  flux  penetration  than  for  flux  expulsion  in  high  fields 
(H  =  or  >  3  T)  for  all  orientations.  This  behavior  of  ex- 
treme layered  superconductors  contradicts  classical 
theoretical  models  and  questions  the  original  definition 
of  the  irreversibility  line  as  well.  All  of  our  results  are 
consistent  with  the  recent  theory  of  lock-in  transition, 
and  can  be  well  interpreted  by  using  those  principles. 
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Fifty-two  facetted  grain  boundary  segments  ((left 
bracket)  001  (right  bracket)  tilt  boundaries)  in  clusters 
of  bulk-scale  YBa2Cu30(7-x)  crystals  having  coinci- 
dent c-axes  were  characterized  by  optical  microscopy 
techniques.  Grain  boundary  orientations  were  widely 
distributed,  with  a  slight  favoring  of  (110),  (310),  and 
(510)  boundary  planes.  All  grain  boundaries,  except 
those  far  from  the  symmetric  condition  and  those  with 
(110)  facets,  exhibited  well-developed  matching  of  the 
twin  domains  across  the  boundary.  It  is  suggested  that 
this  newly-reported  phenomenon  of  twin  pattern 
matching  occurs  due  to  a  local  coordination  of  the  tet- 
ragonal -->  orthorhombic  transformation  strain  across 
grain  boundaries  and  may  be  beneficial  with  regard  to 
electrical  transport  in  highly-textured  polycrystalline 
material. 
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The  electronic  charge  can  be  determined  by  placing 
a  known  number  of  electrons  on  a  calibrated  capacitor 
and  measuring  the  resulting  voltage.  Single  electron 
tunneling  (SET)  electrometers  with  sufficient  sensitivity 
for  this  application  have  been  fabricated.  We  report  on 
the  design  and  preliminary  results  of  a  capacitance 
bridge  experiment  using  an  SET  electrometer  to  meas- 
ure two  capacitors  in  a  dilution  refrigerator.  This  in- 
cludes discussion  of  issues  such  as  the  leakage  rate 
of  a  capacitor  at  cryogenic  temperatures  and  the  opti- 
mum coupling  of  the  electrometer  to  the  bridge  circuit. 
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An  analytical  strategy  for  quantifying  the  diffusion  of 
(18)0  in  small,  melt-grown  single  crystal  YBa2Cu30(7- 
x)  superconductors  by  image  depth  profiling  SIMS 
(Secondary  Ion  Mass  Spectroscopy)  is  presented.  This 
technique  was  used  to  obtain  data  for  both  in-depth 
(along  the  c  axis)  and  lateral  (in  the  ab  plane)  diffusion 
from  one  superconducting  crystal.  Cross  sectional  im- 
ages, generated  from  the  image  depth  profiling  data, 
revealed  features  of  the  diffusion  processes  which 
would  not  have  been  apparent  in  a  standard  depth  pro- 
file. Retrospective  selected  area  depth  profiling  was 
used  to  remove  the  influence  of  background  species, 
edge  effects,  and  imperfections  in  the  crystals,  result- 
ing in  processed  depth  profiles  with  greater  dynamic 
range.  Finally,  the  influence  of  detector  artifacts  on  the 
analytical  results  were  evaluated. 


04,531 

PB95-126199       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Boulder,  CO.  Electromagnetic  Technology  Div. 
Magnetic  Measurement  of  Transport  Critical  Cur- 
rent Density  of  Granular  Superconductors. 
Final  rept. 

R.  B.  Goldfarb,  R.  W.  Cross,  L.  F.  Goodrich,  and  N. 

F.  Bergren.  1993,  5p. 

Pub.  in  Cryogenics  33,  n1  p3-7  1 993. 

Keywords:  'High  temperature  superconductors, 
'Critical  current,  Granular  materials,  Magnetic  meas- 
urement, Current  density,  Magnetization,  Reprints. 


We  describe  two  magnetic  techniques  that  may  be 
used  to  determine  the  transport  critical  current  density 
J(ct)  of  granular  superconductors  by  measuring  the 
intergranular  magnetization  of  a  sample.  In  the  first 
method,  magnetization  critical  current  density  J(cm)  is 
used  to  estimate  J(ct)  by  isolating  the  intergranular 
magnetization  and  applying  the  critical  state  model.  In 
the  second  method,  magnetic  detection  is  used  to 
measure  J(ct)  directly:  intergranular  magnetization 
hysteresis  loops  are  obtained  while  increasing  a  trans- 
port current  through  a  sample.  The  critical  current  den- 
sity J(ct)  is  that  value  of  transport  current  density  which 
causes  the  intergranular  magnetization  to  collapse  at 
a  given  magnetic  field  and  temperature.  Both  methods 
give  values  of  J(ct)  in  fair  agreement  with  values  ob- 
tained from  conventional  transport  measurements  of 
J(ct).  Magnetization  was  measured  with  both  extrac- 
tion and  Hall  probe  magnetometers. 
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We  describe  the  results  of  inelastic  neutron  scattering 
measurements  on  a  single  grain  of  the  icosahedral 
alloy  Al-Li-Cu.  Within  experimental  error  the  acoustic 
phonon  dispersion  at  small,  but  finite,  q  is  independent 
of  direction,  confirming  the  isotropic  elasticity  expected 
for  icosahedral  crystals.  By  following  the  longitur'  nal 
phonon  dispersion  curve  along  a  five-fold  axis,  we  jan 
identify  the  location  of  a  'quasi-Brillouin  zone  bound- 
ary.' Furthermore,  the  measurements  suggest  the 
presence  of  an  optical  or  localized  mode  along  the  two- 
fold axis  at  approximately  1 0  meV. 
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We  studied  the  n-value  (V  varies  as  l(sup  n))  and  sec- 
ond derivative  of  V  with  respect  to  I,  of  the  voltage- 
current  curve  of  high  and  low  temperature 
superconductors  and  superconductor  simulators.  We 
used  these  parameters  for  diagnosing  problems  with 
sample  heating  and  data  acquisition,  and  as  indicators 
of  the  superconducting-to-normal  state  transition.  The 
superconductor  simulator  may  be  useful  in  testing  the 
measurement  system  integrity  and  reducing  measure- 
ment variability  as  its  characteristics  are  highly  repeat- 
able. 
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Single-  and  multiple-energy  Fe,  Cr,  and  V  implants  are 
performed  into  InGaAs.  Annealing  of  the  implanted 
InGaAs  samples  results  in  redistribution  of  the  im- 
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planted  atoms,  as  determined  by  secondary  ion  mass 
spectrometry.  Coimplantation  of  Fe  with  P  does  not 
prevent  this  redistribution.  A  transport  equation  cal- 
culation of  Fe-implantation-induced  stoichiometric  dis- 
turbances in  InGaAs  is  done.  The  lattice  quality  of  im- 
planted InGaAs  is  investigated  by  photoreflectance 
measurements.  Fe-implanted  InGaAs  has  a  resistivity 
close  to  the  intrinsic  limit,  whereas  Cr-  and  V-implanted 
InGaAs  have  a  lower  resistivity  than  the  unimplanted 
material. 
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Single-energy  Fe-implantation  at  energies  in  the  range 
50  keV  -  2  MeV  to  achieve  a  peak  Fe-concentration 
of  1  -  2  X  10(exp  18)/cu  cm  is  performed  into  undoped 
(n-type)  In-GaAs  layers  grown  on  lnP:Fe.  The  first  four 
statistical  moments  of  the  Fe-profiles  measured  by 
secondary  ion  mass  spectrometry  are  determined.  The 
Pearson  IV  distribution  calculated  from  these  moments 
matches  the  implant-profile  closely.  Samples  im- 
planted with  Fe  to  doses  in  the  range  5  X  10(exp  12) 
-  2  X  10(  exp  15)/sq  cm  at  380  keV  are  analyzed  by 
Rutherford  backscattering  measurements  to  study  ion- 
induced  damage.  For  380  KeV  implants, 
amorphization  takes  place  at  a  dose  of  =  6  X  10(exp 
13)/sq  cm. 
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In  the  paper  the  authors  present  a  new  formulation  of 
a  large  class  of  phase-field  models,  which  describe  so- 
lidification of  a  pure  material  and  allow  for  both  surface 
energy  and  interface  kinetic  anisotropy,  in  terms  of  the 
Hoffman-Cahn  xi-vector.  The  Hoffman-Cahn  vi-vector 
has  previously  been  used  in  the  context  of  sharp  inter- 
face models,  where  it  provides  an  elegant  tool  for  the 
representation  and  analysis  of  interfaces  with  aniso- 
tropic surface  energy.  The  authors  show  that  the  usual 
gradient-energy  formulations  of  ansotropic  phase-field 
models  are  expressed  in  a  natural  way  in  terms  of  the 
vi-vector  when  approximately  interpreted.  The  authors 
use  this  new  formulation  of  the  phase-field  equations 
to  provide  a  concise  derivation  of  the  Gibbs-Thomson- 
Herring  equation  in  the  sharp-interface  limit  in  three  di- 
mensions. 
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The  structural  determination  of  Ba2YCu30(x)  for  6.8 
=  or  <  x  =  or  <  7.0  was  completed  in  several  labora- 
tories by  Rietveld  analysis  of  powder  neutron  diffrac- 
tion data.  The  neutron  diffraction  experiments  con- 
firmed the  space  group  Pmmm  and  the  main  structural 
features  found  by  x-rays  by  Siegrest  et  al.,  but  revealed 
that  some  of  the  oxygen  assignments  made  in  the  x- 
ray  studies  were  not  entirely  correct.  The  refined  struc- 
tural parameters  obtained  in  four  of  these  neutron  dif- 
fraction analyses  are  given  and  the  structure  of 
Ba2YCu3O7.0  is  schematically  illustrated  where  it  is 
compared  with  the  parent  structure  of  perovskite.  Data 
collected  at  low  temperatures  revealed  that  no  phase 
transitions  take  place  in  going  from  room  temperature 
down  to  5K. 
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The  title  compounds  are  structurally  isomorphous  and 
crystallize  with  the  symmetry  of  space  group  14/mmm. 
The  lattice  parameters  are  a  =  3.8248(1),  c  = 
19.4286(5)A  for  La(1 .9)Ca(1 .1  )Cu206  and  a  = 
3.8601(1),  c  =  19.9994(5)A  for  La(1 .9)Sr(1 .1)Cu20(6 
+  delta).  The  structure  can  be  easily  derived  from  that 
of  La2Cu04  by  substituting  the  layers  of  composition 
Cu02  present  in  La2Cu04  with  a  block  of  three  layers 
having  composition  and  sequence  (Cu02)  -  (R)  - 
(Cu02),  where  R  is  Ca,  Sr,  and/or  La.  Although  the 
general  structural  configuration  is  the  same  for  the  Ca 
and  the  Sr  compounds,  the  distribution  of  the  metal 
atoms  is  different  in  the  two  cases. 
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The  generalized  Villain  model  has  a  rich  variety  of  pos- 
sible structures,  ranging  from  a  pure  ferromagnet  to  a 
pure  antiferromagnet.  In  between  these  extremes,  the 
system  is  canted.  Using  a  Heisenberg  exchange  Ham- 
iltonian  and  linearized  spin-wave  theory,  we  have  stud- 
ied the  normal  modes  and  structure  factors  for  this 
model.  The  exchange  ratio  J'/J  and  the  external  field 
have  both  been  varied.  The  effect  of  canted  spin  struc- 
tures on  the  modes  and  structure  factors  is  readily 
seen.  We  believe  that  it  is  now  a  practical  matter  to 
study  the  normal  modes  and  structure  factors  for  more 
complicated  systems  described  by  this  type  of  model. 
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The  precipitation  of  the  mixed  hydroxycarbonates  of 
Ba,  Y  and  Cu  as  precursors  to  the  YBa2Cu30(7-x) 


high  T(c)  superconductor  is  an  attractive  route  to  this 
material.  However,  studies  in  our  laboratory  indicate 
that  powder  homogeneity  is  strongly  dependent  upon 
ionic  concentrations  and  system  pH.  Moreover,  we 
have  assessed  the  composition  of  the  precipitated 
moieties.  These  data  have  been  incorporated  into  con- 
trolling the  precipitation  process  in  order  to  optimize 
particle  size  and  powder  homogeneity.  Further  proc- 
essing of  these  powders  has  yielded  polycrystalline 
solids  with  sharp  transitions  near  95K  and  high  trans- 
port current  densities. 
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Changes  induced  in  the  electronic  structure  of  BaTi03 
by  substitutions  of  R=Y,  La,  or  Nd  for  Ba  to  form  the 
mixed  oxides,  R(x)Ba(1-x)TiO(3-delta)  have  been  in- 
vestigated using  ultraviolet  photoelectron  spectros- 
copy. Substitution  of  formally  R(3+)  ions  for  Ba(2+) 
leads  to  the  introduction  of  filled  states  in  the  band  gap 
that  are  shown  by  resonant-photoemission  measure- 
ments to  have  significant  Ti  3d  character,  consistent 
with  a  Mott-Hubbard-insulator  description  for  these  ox- 
ides. Various  contributions  to  the  binding  energy  and 
width  of  these  states  are  considered.  It  is  suggested 
that  the  dominant  factor  is  electron-electron  correlation 
and  this  leads  to  the  estimates  U  approx  equals  Delta 
approx  equals  3  eV  for  this  system,  where  U  is  the  cor- 
relation energy  for  the  3d  electrons  and  Delta  is  the 
charge-transfer  energy. 
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The  orthorhombic  uranium  (1:1:1)  ternary  compound 
UPtGe  has  been  studied  by  means  of  neutron  powder 
diffraction,  using  both  the  time-of-flight  method  at  a 
spallation  source  and  the  constant-wavelength  reactor 
method.  The  material  exhibits  incommensurate  mag- 
netic order  with  q  =  (0,0.5543,0),  with  a  uranium  mo- 
ment at  the  lowest  temperature  of  1.1 1  mu(sub  B)  and 
a  Neel  temperature  of  51  K.  The  moments  are  confined 
to  the  be  plane,  which  includes  the  propagation  vector 
for  the  incommensurate  modulation,  and  they  rotate 
within  that  plane  as  one  moves  parallel  to  the  b  axis. 
The  magnitude  of  the  ordered  uranium  moment  is  the 
only  order  parameter  in  the  problem. 
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The  uranium  intermetallic  compound  UAuSn  has  been 
studied  by  means  of  neutron  powder  diffraction.  It  crys- 
tallizes in  the  Caln2  structure  type,  with  space  group 
P6(3)/mmc,  in  agreement  with  previous  x-ray  work. 
Below  37  K,  it  exhibits  long-range  antiferromagnetic 
order,  in  a  double-sized  orthohexagonal  magnetic  unit 
cell.  At  the  lowest  temperature  measured,  the  uranium 
moment  is  1.10  mu(sub  B).  The  magnetic  structure  is 
collinear  with  moments  parallel  to  the  orthorhombic  b 
axis  and  the  magnetic  space  group  is  C(p)m'cm'.  We 
discuss  the  Au/Sn  disorder  in  terms  of  metallic  radii 
and  discuss  the  consequences  of  this  symmetry  on  the 
collinearity  of  the  magnetic  structure.  These  results  are 
compared  with  work  on  the  isostructural  compounds 
UPdSnand  UCuSn. 
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YBa2Cu30(7-delta)  films  have  been  laser  ablated 
under  a  variety  of  conditions,  onto  four  different  sub- 
strate materials.  Using  scanning  tunneling  microscopy, 
it  was  observed  that  the  films  grow  by  an  island  nuclea- 
tion  and  growth  mechanism.  The  properties  of  the  films 
were  studied  as  functions  of  the  deposition  conditions. 
Films  on  LaAI03  had  the  best  and  most  reproducible 
properties.  The  superconducting  transition  tempera- 
tures of  films  deposited  on  LaAI03  proved  to  be  fairly 
insensitive  to  the  substrate  temperature  during  deposi- 
tion; T(c)  >  90  K  were  obtained  for  films  deposited  over 
a  temperature  range  from  760  to  850  C.  The  oxygen 
partial  pressure  during  the  deposition  had  a  large  effect 
on  the  transition  temperature;  the  highest  T(c)s  were 
obtained  for  films  deposited  in  26.7  Pa  (200  mTorr)  ox- 
ygen. 


04.545 

PB95-140547       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Reactor  Radiation  Div. 

Magnetic    Ordering    of    the    Cu    Spins  in 

PrBa2Cu306+x. 

Final  rept. 

N.  Rosov,  J.  W.  Lynn,  G.  Cao,  J.  E.  Crow,  J.  W. 
O'Reilly,  and  P.  Pernambuco-Wise.  1992,  8p. 
Pub.  in  PhysicaC204,  p171-178  1992. 

Keywords:  Neel  temperature,  Neutron  diffraction,  Sin- 
gle crystals,  Antiferromagnetic  materials,  Copper,  Re- 
prints, "Praseodymium  barium  cuprates,  "Magnetic  or- 
dering. 

Neutron  diffraction  has  been  employed  to  investigate 
the  magnetic  ordering  of  the  Cu  spins  in  a  single  crystal 
of  PrBa2Cu30(6+x).  At  small  x  we  have  observed  a 
Neel  temperature  T(N)  of  370  K,  where  both  the  chain 
and  plane  Cu  spins  order  simultaneously.  For  x  approx 
0.6,  the  Cu  planes  still  order  at  T(N)  about  370  K;  how- 
ever, the  ordering  temperature  of  the  chain  spins  has 
decreased  to  about  160  K.  The  observed  intensities  of 
the  magnetic  reflections  cannot  be  explained  by  keep- 
ing the  chain  layer  Cu  spin  direction  in  the  ab  plane; 
rather,  the  chain  moments  must  have  a  component 
along  the  c  direction.  We  discuss  these  results  in  light 
of  recent  optical  reflectivity  measurements  on 
PrBa2Cu30(6+x)  by  Takenaka  et  al.  (Phys.  Rev.  B  46 
(1992)5833). 
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Using  neutron  diffraction,  we  have  studied  the  crystal 
structure  and  magnetic  ordering  of  the  rare-earth  and 
Cu  moments  in  the  layered  perovskite  systems 
NdBa2Cu2Nb08  (Nd  2:2:1:8)  and  PrBa2Cu2Nb08  (Pr 
2:2:1:8).  These  are  systems  similar  to  R 
Ba2Cu30(6+x)  (R  1 :2:3:(6+X))  for  which  the  chain  Cu- 
O  layers  have  been  fully  replaced  by  layers  of  Nb-O 
octahedra.  Powder  profile  refinements  below  20  K 
show  that  both  Nd  2:2:1:8  and  Pr  2:2:1:8  are  in  space 
group  14/mcm,  because  the  near-neighbor  Nb-0 
octahedra  are  rotated  about  the  c  axis  in  opposite 
senses.  The  Cu  moments  are  ordered  below  375(10) 
K  for  Nd  2:2:1 :8  and  340(1 5)  K  for  Pr  2:2:1 :8,  with  satu- 
ration moments  in  both  cases  of  0.5(1  )mu(sub  B).  The 
near-neighbor  Cu  spins  are  aligned  antiparallel,  just  as 
for  the  Cu  'plane'  ordering  in  R  1 :2:3:(6  +  X). 
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Ferrous  trimethylammonium  chloride  (FeTAC)  is  a 
member  of  a  family  of  compounds  that  consist  of 
chains  of  bihalide-bridged  metal  ions  aligned  along  the 
b  axis  of  the  orthorhombic  unit  cell.  FeTAC  orders 
three  dimensionally  below  T(N)  =  3.16  K,  with  the  mo- 
ments, which  are  canted  from  the  b  axis  by  approx  20 
deg,  coupled  ferromagnetically  along  the  b  axis  and 
staggered  along  the  (left  bracket)  101  (right  bracket) 
direction.  The  order  parameter  follows  the  exact 
Onsager  solution  for  a  rectangular  2D  Ising  lattice 
below  T/T(N)  approx  0.95.  However,  quasielastic  scat- 
tering measurements  in  the  vicinity  of  T(N)  show  that 
the  correlations  do  not  evolve  as  do  those  of  the  2D 
Ising  antiferromagnets  ErBa2Cu307  and  K2CoF4. 
Above  T(N),  magnetic  excitations  along  the  b  axis  that 
follow  the  dispersion  relation  of  a  1D  ferromagnet  with 
a  gap  of  3.7  meV  have  been  observed. 
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Thermally  activated  hopping  of  a  single  Abrikosov  vor- 
tex has  been  investigated  for  a  thin  Pb  film  that  was 
decorated  with  an  artificial  pinning  structure.  To  deter- 
mine the  location  of  the  vortex,  the  Pb  film  is  fabricated 
to  be  one  electrode  of  a  cross-strip  superconductor/ 
normal-metal/insulator/superconductor  (SNIS')  Jo- 
sephson  junction.  Distortions  in  the  Fraunhofer  pattern 
specify  the  vortex  location.  As  the  temperature  is 
raised  toward  T(c),  the  vortex  depins  from  the  artificial 
pinning  site  and  reproducibly  moves  through  the  same 
sequence  of  other  pinning  sites  before  it  leaves  the 


function  area  of  the  Pb  film.  The  first  thermal  depinning 
occurs  when  the  order  parameter  of  the  bulk 
superconductor  is  about  20%  of  the  T  =  O  value.  The 
trajectory  is  not  random. 
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We  have  studied  the  behavior  of  high-quality 
YBa2Cu30(7-delta)  (YBCO)  thin  films  with  Ag 
overlayers.  In  some  cases,  the  Ag  was  diffused  into 
the  high-T(c)  film  post-annealing.  We  chose  to  study 
Ag  in  detail  because  of  its  widespread  use  as  contact 
metallization  and  our  earlier  studies  of  proximity  effects 
in  YBCO.  The  details  of  transport  critical  current  meas- 
urements are  presented.  The  Ag  coatings  can  reduce 
normal  state  resistance  while  not  degrading  J(c). 
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We  have  measured  the  transport  critical  current  den- 
sity (J(c))  in  epitaxial-quality  films  of  YBa2Cu30(7- 
delta)  which  were  covered  by  thin  (10  nm)  Ag  films. 
The  films,  both  with  and  without  Ag,  had  J(c)  values 
greater  than  10(exp  6)  A/sq  cm  in  liquid  nitrogen.  The 
effect  of  the  Ag  was  to  greatly  reduce  the  dependence 
of  J(c)  on  external  magnetic  fields,  but  only  in  the  case 
where  the  field  was  oriented  in  the  plane  of  the  film 
perpendicular  to  the  c  axis.  It  is  unlikely  that  the  effect 
is  simply  due  to  altered  surface  pinning,  although  quali- 
tative agreement  with  critical  state  models  is  observed. 
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A  micromagnetic  model  of  dual-layer  magnetic-record- 
ing thin  films  is  described.  The  model,  which  is  capable 
of  simulating  magnetic  layers  having  different  magnetic 
and  geometric  properties,  is  applied  to  the  study  of  the 
magnetic  properties  of  dual-layer  media  characterized 
by  a  three-dimensional  isotropic  distribution  of  anisot- 
ropy axes  in  both  layers,  using  parameters  typical  of 
cobalt-alloy  films.  In  the  absence  of  exchange  inter- 
actions between  the  layers,  a  correlation  is  found  be- 
tween squareness  ratios,  average  magnetostatic  en- 
ergy densities,  and  structural  dimensions  of  the  media. 
An  in-phase  magnetization  reversal  of  the  layers  is 
found  to  occur  with  increasing  interlayer  exchange 
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coupling.  A  complex  relationship  is  found  between 
coercivity  and  media  parameters. 
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A  micromagnetic  model  simulating  the  images  pro- 
duced by  tunneling  stabilized  magnetic  force  micros- 
copy is  described.  The  images  are  related  to  the  force 
interactions  between  the  fringing  fields  from  the  im- 
aged surface  and  stray  fields  from  the  sensing  probe. 
The  model,  which  allows  for  variations  in  the  mag- 
netization states  of  the  probe,  if.  used  to  examine  the 
dependence  of  the  interaction  forces  on  varying  probe- 
film  separations  for  a  magnetic  garnet  film.  The  results 
show  that  the  images  are  sensitive  to  separation  and 
that  the  changing  probe  magnetization  plays  an  impor- 
tant role  in  determining  the  final  image. 
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A  micromagnetic  model  has  been  used  to  characterize 
the  magnetic  properties  of  dual-layer  magnetic  films. 
The  model  calculations,  with  experimentally  deter- 
mined input  parameters,  have  been  compared  with 
measurements  on  fabricated  Co  alloy  dual-layer  films. 
Calculations  are  done  with  a  more  general  version  of 
a  previous  micromagnetic  model,  modified  to  allow  the 
variation  of  certain  media  parameters  which  were  pre- 
viously held  constant.  Each  of  the  experimental  media 
consists  of  a  bilayer  of  30-nm-thick  Co(0.75)  Ni(0.25) 
magnetic  films  separated  by  a  Cr  decoupling  layer.  The 
calculations  predict  a  split  in  the  coercivities  of  the  lay- 
ers for  small  Cr  thicknesses  which  is  observed  experi- 
mentally. The  model  correlates  an  observed  increase 
in  media  squareness  ratio  and  coercivity,  as  the  Cr 
thickness  is  increased,  with  diminishing  exchange  and 
magnetostatic  interactions  between  the  magnetic  lay- 
ers. 
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We  are  experimenting  with  optical  switches  for  use  in 
a  noise  reduction  device  for  SQUID  magnetometers. 
Laser  light  pulsed  onto  a  Nb  microbridge  drives  it  mo- 
mentarily normal  and  changes  the  quantum  flux  state 
of  a  superconducting  circuit.  For  certain  laser  pulse  pa- 
rameters, a  vortex  is  sometimes  trapped  in  the 
microbridge  and  is  detected  by  a  SQUID  coupled  to 
the  circuit.  The  trapping  frequency  and  vortex  position 
were  studied  using  various  waveforms. 
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Spin-polarized  neutron  reflection  is  used  to  determine 
the  magnetization  of  ultrathin  epitaxial  fee  Fe  films 
sandwiches  by  Cu  (001).  A  3.0  ML  film  had  a  meas- 
ured average  magnetic  dipole  moment  per  atom  of  1 .9 
+  or  -  0.6  Bohr  magnetons/atom  which  is  the  highest 
value  yet  observed  for  an  fee  Fe  film  and  is  consistent 
with  the  high  spin-moment  phase  predicted  for  bulk  fee 
iron.  This  state  appears  to  be  unstable  since  increasing 
the  film  thickness  or  using  a  higher  growth  temperature 
leads  to  a  considerable  decrease  in  the  observed  mo- 
ment. 
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The  Boltzmann  equation  is  solved  for  a  system  consist- 
ing of  a  ferromagnetic-normal-metallic  multilayer.  The 
in-plane  magnetoresistance  of  Fe/Cr  and  Fe/Cu 
superlattices  is  calculated  for  (1)  varying  interfacial 
geometric  random  roughness  with  no  lateral  coher- 
ence, (2)  correlated  (quasiperiodic)  roughness,  and  (3) 
varying  chemical  composition  of  the  interfaces.  The 
interplay  between  these  three  aspects  of  the  interfaces 
may  enhance  or  suppress  the  magnetoresistance,  de- 
pending on  whether  it  increases  or  decreases  the 
asymmetry  in  the  spin-dependent  scattering  of  the  con- 
duction electrons.  Properties  of  the  interfaces  relevant 
to  the  giant  negative  magnetoresistance  are  dis- 
cussed. 
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The  application  of  neutron  scattering  techniques  to 
magnetic  problems  is  reviewed.  We  will  first  discuss 
diffraction  techniques  used  to  solve  magnetic  struc- 
tures, as  well  as  to  measure  magnetic  form  factors, 
order  parameters,  critical  phenomena,  and  the  scatter- 
ing from  low-dimensional  systems.  We  will  also  dis- 
cuss inelastic  scattering  techniques,  including  polar- 
ized beam  methods,  used  to  determine  the  spin  dy- 
namics of  various  materials.  Information  will  be  pro- 
vided about  the  types  of  spectrometers  available  at  the 
user-oriented  national  facilities  located  at  Argonne  Na- 
tional Laboratory,  Brookhaven  National  Laboratory, 
Los  Alamos  National  Laboratory,  The  National  Institute 
of  Standards  and  Technology,  and  Oak  Ridge  National 
Laboratory,  as  well  as  the  spectrometers  at  the  Mis- 
souri University  Research  Reactor. 
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Triple-axis  inelastic  polarized  neutron  measurements 
have  been  performed  as  a  function  of  temperature  on 
a  single  crystal  of  the  Invar  alloy  Fe(65)Ni(35)  to  distin- 
guish longitudinal  from  transverse  magnetic  excitations 
in  the  magnetically  ordered  phase.  Well  below  the 
Curie  temperature  of  501  K  the  magnetic  excitation 
spectrum  is  dominated  by  conventional  transverse 
spin-wave  excitations,  which  in  fact  follow  the  pre- 
dictions of  spin-wave  theory  very  well.  In  particular,  we 
find  no  evidence  for  propagating  longitudinal  exci- 
tations in  this  system,  ir.  sharp  contrast  to  the  behavior 
observed  in  the  amorphous  Invar  Fe(86)B(14)  material 
as  well  as  the  non-Invar  amorphous  system 
Fe(40)Ni(40)P(14)B(6). 
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The  superconducting  energy  gap,  Delta,  of  bulk  UBe1 3 
was  measured  as  a  function  of  temperature.  Junctions 
were  made  by  breaking  a  narrow  region  of  a  specimen 
in  a  vacuum  and  then  repositioning  the  broken  ends 
to  form  a  mechanically  adjustable  break  junction  point 
contact.  We  concluded  that  the  2  Delta(0)/k(B)T(c)  = 
4.2  by  fitting  the  data  to  the  BCS  form,  assuming  a  T(c) 
of  0.80  K. 
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The  existence  of  both  the  strain  and  microroughness 
at  the  interface  of  thermally  grown  Si02  films  on  Si  was 
ascertained  unambiguously  for  the  first  time  by  high 
accuracy  spectroscopic  ellipsometry.  The  dielectric 
function  of  the  interface  was  determined  by  a  com- 
prehensive data  analysis  procedure.  By  carefully  ex- 
amining the  dielectric  function  obtained  by  our  model, 
the  strain  was  seen  to  cause  a  red  shift  of  0.042  eV 
of  the  interband  critical  point  E(1)  compared  with  the 
bulk  silicon  value.  The  thickness  of  the  interface  region 
was  found  to  be  2.2  nm  of  which  a  significant  part  is 
due  to  the  strain. 
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The  structure  of  epitaxial  films  of  Fe,  Co,  and  Cu  grown 
at  80-300  K  on  Cu(100)  has  been  investigated  using 
a  spot-profile-analyzing  low-energy  electron-diffraction 
(LEED)  instrument.  In  all  three  systems  rings  appear 
around  the  substrate  LEED  spots,  although  the  rings 
differ  in  intensity  and  in  diameter  depending  upon  the 
variables  of  film  thickness  and  deposition  temperature. 
Rings  of  this  type  have  been  studied  extensively  by 
Henzler  et  al  and  correlated  with  the  mean  separation 
between  islands.  Much  can  be  inferred  about  the 
growth  mechanism  through  a  study  of  these  Henzler 
rings.  The  rings  contract  radially  with  increasing  depo- 
sition temperature  or  with  increasing  annealing  tem- 
perature as  thermally  activated  diffusion  permits  the 
formation  of  larger  islands  with  greater  distances  be- 
tween them.  The  value  of  the  mean  separation  sug- 
gests that  upon  consideration  these  atoms  do  not 
come  to  rest  at  the  immediate  site  of  impact  but  instead 
experience  some  very  transient  type  of  mobility  associ- 
ated with  the  impact  and  accommodation  process. 
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Scanning  electron  microscopy  with  polarization-analy- 
sis (SEMPA)  measurements  of  the  dependence  of  the 
oscillations  of  the  exchange  coupling  in  Fe/Cr/Fe(100) 
structures  on  the  Cr  growth  temperature  are  correlated 
with  the  thickness  fluctuations  in  Cr  films  measured  by 
scanning  tunneling  microscopy  (STM)  at  similar  growth 
temperatures.  Layer-by-layer  growth  was  observed  by 
STM  for  Cr  deposition  on  very  flat  Fe(100)  whiskers 
at  deposition  temperatures  =  or  >  300  C.  The  SEMPA 
measurements  of  the  magnetization  of  the  Fe  over- 
layer  as  a  function  of  Cr  spacer-layer  thickness  at  this 
temperature  could  be  simulated  well  by  oscillatory  cou- 
pling with  periods  2.105  +  or  -  0.005d  and  12  +  or  - 
1d,  where  d  is  the  layer  spacing.  Rougher  Cr  growth, 
limited  by  diffusion  kinetics,  occurs  at  lower  growth 
temperatures  giving  a  distribution  of  thicknesses  in  the 
growth  front  as  determined  by  STM.  We  modeled  the 
Fe  magnetization  for  lower-temperature  Cr  growth  by 
assuming  that  the  exchange  coupling  at  each  discrete 
Cr  thickness  is  the  same  as  found  for  layer-by-layer 
growth.  Important  characteristic  length  scales  and  the 
role  of  biquadratic  coupling  in  the  SEMPA  measure- 
ments are  addressed. 
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We  have  performed  inelastic  neutron  scattering  meas- 
urements of  the  long-wavelength  spin  wave  excitations 
of  both  ordered  and  disordered  Fe(72)Pt(28)  single 
crystals  below  their  critical  temperatures,  T(C)  =  510 
and  375  K,  respectively.  The  spin  waves  followed  the 
expected  E  =  D(q  squared)  dependence,  and  the  tem- 
perature-dependent spin  stiffness  D  decreased  as  T/ 


T(C)(exp  5/2),  as  expected  for  an  isotropic 
ferromagnet.  The  extrapolated  zero-temperature  spin 
stiffness  was  D  =  98(4)  meV  (A  squared)  and  107(1) 
me  V  (A  squared)  for  the  disordered  and  ordered  alloy, 
respectively.  These  values  are  significantly  higher  than 
the  zero-temperature  stiffness  as  determined  by  mag- 
netization measurements. 
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The  techniques  of  atom  optics  can  be  applied  during 
the  deposition  of  atoms  onto  a  surface  to  produce 
nanostructures.  A  laser  is  used  to  form  a  standing 
wave  intensity  pattern  in  front  of  the  substrate.  An  atom 
beam,  which  has  been  collimated  by  optical  means,  is 
focused  onto  the  substrate  by  dipole  forces  from  the 
standing  wave  pattern  so  as  to  deposit  a  series  of  lines 
spaced  by  half  the  laser  wavelength.  We  describe  the 
fabrication  of  a  Cr  nanograting  formed  using  this  new 
technique.  The  experimental  arrangement  for  deposi- 
tion and  the  optical  collimation  of  the  atom  beam  are 
described.  Scanning  electron  microscopy  (SEM)  and 
atomic  force  microscopy  (AFM)  images  of  the  resulting 
nanostructures  are  presented. 
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The  performance  of  an  X-ray  optical  system  often  de- 
pends critically  on  the  local  angular  divergence  of  the 
X-ray  beam.  For  example,  in  systems  for  radiography, 
tomography  and  diffraction  topography,  the  angular  di- 
vergence of  the  incident  beam  at  a  point  in  the  sample 
determines  the  limiting  spatial  resolution.  In  this  paper, 
formulas  are  derived  for  the  local  divergence  in  the  dif- 
fracted beam  of  the  non-dispersive  asymmetric  reflec- 
tion double-flat-crystal  monochromator,  illuminated  by 
synchrotron  or  characteristic  radiation.  The  formulas 
are  analyzed  to  determine  the  general  behavior  of  the 
local  divergence  as  a  function  of  the  asymmetry  factors 
of  the  crystal  reflections.  For  synchrotron  radiation,  one 
surprising  conclusion  is  that  the  local  divergence  of  the 
magnifying  monochromator  is  always  greater  than  that 
of  the  symmetric  monochromator,  significantly  so  for 
even  moderate  magnification  factors. 
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Many  structures  consisting  of  magnetic  layers  sepa- 
rated by  a  nonmagnetic  spacer  layer  show  an  oscilla- 
tory exchange  coupling.  This  behavior  is  explained  in 
terms  of  a  simple  model  that  shows  that  the  Fermi  sur- 
face of  the  spacer-layer  material  is  responsible  for  the 
oscillatory  coupling.  The  periods  of  the  oscillatory  cou- 
pling are  set  by  extremal  spanning  vectors  of  the  Fermi 


surface  of  the  spacer-layer  material.  The  strength  of 
the  coupling  depends  both  on  the  geometry  of  the 
Fermi  surface  and  on  the  reflection  amplitudes  for  elec- 
trons scattering  from  the  interfaces  between  the  spacer 
layers  and  the  magnetic  layers.  To  test  this  and  related 
models,  the  extremal  spanning  vectors  and  the  associ- 
ated Fermi-surface  geometrical  factors  have  been  cal- 
culated for  a  large  set  of  spacer-layer  materials  and 
interface  orientations.  These  models  are  at  least  con- 
sistent with  the  experimental  data.  All  measured  oscil- 
lation periods  are  consistent  with  the  calculated  peri- 
ods, but  particularly  for  transition  metals  there  are 
many  more  periods  calculated  than  are  seen  experi- 
mentally. 
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Real  space  views  of  the  homoepitaxial  growth  of  Fe 
on  Fe(001)  whiskers  is  reported,  observed  by  scanning 
tunneling  microscopy  (STM),  during  the  initial  stages 
of  growth.  Scaling  of  the  Fe  island  sizes  and  separation 
distribution  are  observed  as  a  function  of  the  diffusion 
rate  to  the  deposition  rate.  A  measure  of  the  surface 
diffusion  of  the  Fe  atoms  is  obtained  over  the  tempera- 
ture range  of  20-250  C  from  the  temperature  depend- 
ence of  the  island  density.  The  effect  of  the  diffusion 
kinetics  is  also  observed  in  the  surface  morphology  as 
a  decrease  in  surface  roughness  with  increasing  tem- 
perature in  thin  Fe  films.  A  comparison  of  real  and  re- 
ciprocal space  techniques  is  obtained  from  a  compari- 
son of  STM  images  and  reflection-high-energy-elec- 
tron-diffraction measurements  during  growth. 
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Scanning  tunneling  microscopy  (STM)  and  reflection 
high-energy  electron  diffraction  (RHEED)  were  used  to 
study  the  epitaxial  growth  of  Cr  on  Fe(001)  whiskers 
as  a  function  of  the  Fe  whisker  temperature  during 
growth.  The  STM  images  give  real  space  views  of  the 
morphology  of  Cr  growth,  which  can  be  correlated  with 
the  nature  of  the  RHEED  intensity  oscillations.  Layer 
by  layer  growth  is  found  for  Cr  deposition  on  an 
Fe(001)  surface  at  300  C,  and  very  rough  growth,  lim- 
ited by  diffusion  kinetics,  is  observed  at  lower  tempera- 
tures. The  variation  in  the  interlayer  exchange  coupling 
in  Fe/Cr/Fe  sandwiches  as  a  function  of  the  thickness 
of  the  Cr  interlayer,  which  has  been  found  to  depend 
strongly  on  the  growth  temperature  of  the  Cr  interlayer, 
can  be  explained  by  the  thickness  fluctuations  deter- 
mined from  the  STM  measurements  of  Cr  films  grown 
at  different  temperatures. 
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Scanning  electron  microscopy  with  polarization  analy- 
sis was  used  to  investigate  the  interlayer  exchange 
coupling  in  Fe/Au/Fe(100)  sandwich  structures.  The 
films  were  epitaxially  grown  on  single-crystal  Fe(100) 
substrates.  Electron  diffraction  measurements  re- 
vealed that  the  Au  spacer  film  grew  with  a  surface  re- 
construction consistent  with  that  observed  for  bulk  Au 
crystals.  The  exchange  coupling  oscillates  between 
primarily  ferromagnetic  and  antiferromagnetic  coupling 
for  Au  spacer  layers  up  to  65  layers  (13  nm)  thick,  but 
a  significant  biquadratic  coupling  component  was  also 
observed.  The  oscillatory  coupling  exhibited  two  com- 
ponents with  periods  of  2.48  +  or  -  0.05  layers  (0.506 
+  or  -  0.010  nm)  and  8.6  +  or  -  0.3  layers  (1.75  +  or 
-  0.06  nm).  The  measured  periods  are  in  excellent 
agreement  with  those  calculated  from  spanning  vec- 
tors of  the  Au  Fermi  surface. 
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Heavily  carbon-doped  GaAs  samples  with  doping  lev- 
els as  high  as  4.1  X  10(exp  20)/cc  were  studied  by 
photoluminescence  and  luminescence  excitation 
spectroscopies.  Luminescence  and  absorption  band 
gaps  were  determined,  from  which  the  positions  of  the 
Fermi  levels  were  deduced.  A  variety  of  factors  which 
affect  the  observed  emission  spectra,  including  diffrac- 
tion and  refraction  of  the  luminescence,  substrate  ef- 
fects, and  lattice  contraction  in  the  carbon-doped 
epilayer,  were  examined.  A  first-principles  calculation 
was  performed  to  calculate  the  density  of  states,  the 
band  gap,  the  Fermi  energy,  and  the  emission  spec- 
trum. Comparison  of  the  calculation  results  with  the  ex- 
periments shows  that  the  theoretical  model  we  use  is 
a  good  approximation  for  describing  band  structure  for 
doping  levels  higher  than  10(exp  20)/cc.  However,  the 
discrepancy  between  the  measured  and  the  calculated 
emission  spectra  indicates  that  the  usual  assumptions 
such  as  constant  momentum  matrix  elements  and 
quasiequilibrium  distribution  of  photoexcited  electrons 
in  the  conduction  band  may  not  be  appropriate  in  treat- 
ing the  transition  processes  in  highly  degenerate  semi- 
conductors. 
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With  Monte  Carlo  simulation,  we  study  closed  self- 
avoiding  surfaces  (SAS)  of  arbitrary  genus  on  a  cubic 
lattice.  The  gyration  radius  and  entropic  exponents  are 
v  =  0.506  +  or  -  0.005  and  theta  =  1.50  +  or  -  0.06, 
respectively.  Thus,  SAS  behave  like  lattice  animals 
(LA)  or  branched  polymers  at  criticality.  This  result, 


contradicting  previous  conjectures,  is  due  to  a  mecha- 
nism of  geometrical  redundancy,  which  is  tested  by 
exact  renormalization  on  a  hierarchical  vesicle  model. 
By  mapping  SAS  into  restricted  interacting  site  LA,  we 
conjecture  v(sub  theta)  =  1/2  phi(sub  theta)  =  1,  and 
theta(sub  theta)  =  3/2  at  the  LA  theta  point. 
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We  present  a  brief  summary  of  the  properties  of  alkali 
metals  on  lll-V(1 10)  surfaces,  as  studied  with  the  scan- 
ning tunneling  microscope  (STM).  These  include  the 
non-metallic  properties  found  in  the  one-  and  two-di- 
mensional phases,  and  the  directional  diffusion  of  the 
alkali  atoms  due  to  the  electric  field  gradient  in  the  STM 
junction. 
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A  scanning  tunneling  microscope  has  been  used  to 
study  the  topography  of  the  as-grown  surface  of  de- 
vice-quality, intrinsic,  hydrogenated  amorphous  silicon 
deposited  by  rf  discharge  from  silane.  The  substrates 
were  atomically  flat,  oxide-free,  single-crystal  silicon  or 
gallium  arsenide.  No  evidence  for  island  formation  or 
nanoscale  irregularities  was  seen  in  studies  of  100-A- 
thick  films  on  either  silicon  or  gallium  arsenide.  The  to- 
pography of  1000-  and  4000-A-thick  films  has  much 
variation;  many  regions  can  be  characterized  as  'rolling 
hills,'  but  atomically  flat  areas  have  also  been  observed 
nearby.  Generally,  it  appears  that  surface  diffusion 
plays  a  role  in  smoothing  the  film  topography.  In  most 
regions,  the  observed  slopes  were  10%  or  less  from 
horizontal,  but  some  steep-sided  valleys,  indicating  in- 
cipient voids,  were  observed.  The  effect  of  the  finite 
size  of  the  scanning  tunneling  microscope  probe  tip  is 
considered;  this  has  an  effect  on  the  observed  images 
in  some  cases. 
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Inelastic-neutron-scattering  measurements  of  the  gen- 
eralized phonon  density  of  states  (GDOS)  for  the  elec- 
tron-doped superconductors  Nd(1.85)Ce(0.15)CuO4 
and  Pr(1.85)Ce(0.15)CuO4  have  been  carried  out  with 
the  use  of  both  a  filter-detector  method  and  time-of- 


flight  spectroscopy.  A  measurement  of  the  GDOS  for 
the  insulating  Pr2Cu04  was  also  done  for  comparison 
with  that  of  Pr(1.85)Ce(0.15)CuO4,  while  a  more  lim- 
ited set  of  data  was  obtained  for  Nd2Cu04.  We  have 
also  determined  the  ground-state  crystal-field  exci- 
tations associated  with  the  rare-earth  ions  (Nd(3+), 
Pr(3+)). 
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The  surface  topography  of  YBa2Cu30(7-delta)  thin 
films  has  been  studied  with  both  atomic  force  micros- 
copy (AFM)  and  scanning  tunneling  microscopy 
(STM).  The  AFM  images  reveal  a  high  density  of  small 
distinct  nanoparticles,  10-50  nm  across  and  5-20  nm 
high,  which  do  not  appear  in  STM  images  of  the  same 
samples.  In  addition,  we  have  shown  that  scanning  the 
STM  tip  across  the  surface  breaks  off  these  particles 
and  moves  them  to  the  edge  of  the  scanned  area, 
where  they  can  later  be  imaged  with  the  AFM. 
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This  paper  explores  the  use  of  lattice  Green's  functions 
for  calculating  the  static  structure  of  defects  in  lattices, 
in  that  the  atoms  of  the  lattice  interact  with  their  neigh- 
bors with  an  arbitrary  nonlinear  (short-range)  potential. 
The  method  is  hierarchical,  in  which  Green's  functions 
are  calculated  for  the  perfect  lattice,  for  increasingly 
complicated  defect  lattices,  and  finally  the  nonlinear 
structure  problem  is  iterated  until  a  converged  solution 
is  found.  As  an  illustration  of  the  method,  we  report  nu- 
merical calculations  for  an  inte rfacial  crack  emitting 
dislocations  from  an  interface  between  two  joined  two- 
dimensional  hexagonal  lattices.  The  supercell  size  was 
4  x  10(exp  6),  and  the  crack  length  was  101  lattice 
spacings.  After  the  Green's  functions  were  obtained  for 
the  defective  lattice,  the  dislocation  and  crack  struc- 
tures were  obtained  in  a  minute  or  less,  making  pos- 
sible detailed  studies  of  the  defects  with  various  exter- 
nal loads,  force  laws,  defect  relative  positions,  etc., 
with  negligible  computer  time. 
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This  paper  is  devoted  to  an  analysis  of  the  data  from 
the  Livermore  kernels  benchmark.  We  will  show  that 
in  the  sense  of  least  squares  prediction  the  dimension 
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of  these  data  is  rather  small;  a  reduction  of  the  data 
to  dimension  four  has  about  the  same  predictive  power 
as  the  original  data.  Two  techniques  are  used  that  re- 
duce the  72  kernel  timings  for  each  machine  to  a  few 
scores  by  which  the  machine  is  characterized.  The  first 
is  based  on  a  principal  component  analysis,  the  sec- 
ond on  a  cluster  analysis  of  the  kernels.  The  validity 
of  the  reduction  to  lower  dimension  is  checked  by  var- 
ious means.  The  possible  use  of  the  Livermore  data 
to  predict  the  running  time  of  larger  codes  is  dem- 
onstrated. 
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A  general  method  of  manipulating  adsorbed  atoms  and 
molecules  on  room-temperature  surfaces  with  the  use 
of  a  scanning  tunneling  microscope  is  described.  By 
applying  an  appropriate  voltage  pulse  between  the 
sample  and  probe  tip,  adsorbed  atoms  can  be  induced 
to  diffuse  into  the  region  beneath  the  tip.  The  field-in- 
duced diffusion  occurs  preferentially  toward  the  tip  dur- 
ing the  voltage  pulse  because  of  the  local  potential  en- 
ergy gradient  arising  from  the  interaction  of  the  adsorb- 
ate  dipole  moment  with  the  electric  field  gradient  at  the 
surface.  Depending  upon  the  surface  and  pulse  pa- 
rameters, cesium  (Cs)  structures  from  one  nanometer 
to  a  few  tens  of  nanometers  across  have  been  created 
in  this  way  on  the  (110)  surfaces  of  gallium  arsenide 
(GaAs)  and  indium  antimonide  (InSb),  including  struc- 
tures that  do  not  naturally  occur. 
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Phase  assemblages  in  two  Sr-Bi-Pb-Ca-Cu-O  glasses 
and  their  crystallization  into  glass-ceramics  through  a 
sequence  of  heat  treatments  are  described.  Samplers 
were  heat  treated  at  various  temperature  based  on  dif- 
ferential thermal  analysis  (DTA)  of  the  as-quenched 
glasses.  X-ray  powder  diffraction  was  used  to  identify 
the  compounds  in  each  sample;  and  the  different 
phases  formed  in  these  two  samples  were  compared. 
Results  of  microstructural  characterization  of  selected 
samples  using  scanning  electron  microscopy  are  dis- 
cussed. 
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The  influence  of  the  ionic  size  of  the  lanthanides  R  on 
melting  relations  of  Ba2RCu30(6+x),  where  R=Y,  Eu 
and  Nd,  was  studied  and  compared  with  that  of  a  high 
T(c)  superconductor  mixed-lanthanide  phase 
Ba2(Y(0.75)Eu(0.125)Nd(0.125))Cu3O(6+x).  These 
materials  have  been  characterized  by  a  variety  of 
methods  including  scanning  electron  microscopy 
(SEM).  Single  phase  samples  of 
Ba2(Y(0.75)Eu(0.125)Nd(0.125))Cu3O(6+x)  were  an- 
nealed at  1004,  1040,  1052,  1060,  1078,  1107  and 
1160  C  and  quenched  into  a  helium  gas  container 
cooled  by  liquid  nitrogen.  The  SEM  micrographs  of 
these  samples  showed  the  progressive  changes  in  fea- 
tures of  the  microstructures  from  sintering  and  grain 
growth  through  melting  and  then  recrystallization  from 
the  melt.  The  addition  of  the  SEM  technique  in  con- 
junction with  X-ray  diffraction  has  been  helpful  in  the 
study  of  phase  equilibria  in  this  system. 
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A  twin-free  single  crystal  of  YBa2Cu30(6+x)  has  been 
studied  at  room  temperature  and  115  K  by  x-ray  dif- 
fraction analysis.  The  crystal  was  grown  from  an  Y-Ba- 
Cu-0  melt  in  a  gold  crucible,  leading  to  a  2%  substi- 
tution of  Au  for  Cu.  Twins  were  removed  from  the  as- 
grown  crystal  by  a  novel  thermomechanical  process, 
resulting  in  an  orthorhombic  (Pmmm),  single-domain 
crystal.  Oxygen  positions  and  occupancies  in  the  Cu- 
O  basal  plane  have  been  refined,  showing  that  the 
0(5)  site  is  completely  vacant,  and  the  0(4)  atoms  are 
offset  from  the  crystallographic  mirror  plane  positions 
by  0.15  A  in  a  zig-zag  fashion.  Gold,  which  is  a  com- 
mon impurity  in  crystals  grown  by  the  present  tech- 
nique, was  found  to  occupy  Cu(1)  sites  only.  Weak 
superlattice  reflections  suggest  a  possible  three-di- 
mensional ordering  of  O  and/or  Au.  To  our  knowledge, 
this  paper  reports  the  first  high-resolution  x-ray  study 
of  an  intentionally  detwinned,  superconducting 
YBa2Cu30(6+x)  single  crystal. 
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The  compounds  BaR204,  where  R  =  La,  Nd,  Sm,  Gd, 
Eu,  Dy,  Ho  and  Er  have  been  prepared  from  a  stoichio- 
metric mixture  of  BaC03  and  lanthanide  oxides,  and 
characterized  by  X-ray  powder  diffraction.  Standard  X- 
ray  patterns  of  these  phases  were  prepared.  In  gen- 
eral, BaR204  crystallizes  in  the  pervoskite-related 
CaFe204  structure  which  is  orthorhombic  with  a  space 
group  Pnam.  The  cell  parameters  of  these  compounds 
from  R  =  Er  to  La  were  found.  When  R  =  Tm,  Lu  and 
Yb,  the  BaO  R203  composition  produced  the  mixture 
Ba3R409  and  the  unreacted  lanthanide  oxide.  Under 
the  present  experimental  conditions,  the  compound 


BaR03  was  the  predominant  component  when  R  =  Ce, 
Pr,  and  Tb. 
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An  indexed  powder  diffraction  pattern  and  related 
crystallographic  data  are  reported  for  a  new  phase, 
BaCu(C204)2  (dot)  6H20,  which  was  a  major  product 
in  the  coprecipitation  of  barium  and  copper  oxalates. 
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Neutron  scattering  has  been  used  to  investigate  the 
magnetic  ordering  of  the  Dy  ions  in  the 
superconducting  (T(c)  approx  =  60  K)  Dy2Ba4Cu7015 
(2:4:7)  material.  A  modulated  saw-tooth  scattering  pro- 
file is  observed,  indicative  of  a  coupled-bilayer  two-di- 
mensional (2D)  system  in  which  the  nearest-neighbor 
Dy  spins  within  the  a-b  plane  are  coupled 
antiferromagnetically,  with  the  moment  direction  along 
the  c  axis.  The  a-b-plane  spin  configuration  is  identical 
to  the  one  which  has  been  observed  for  the  related 
DyBa2Cu307  (1:2:3)  and  Dy2Ba4Cu8016  (2:4:8)  ma- 
terials. We  anticipate  that  a  similar  coupled-bilayer  2D 
behavior  should  occur  in  other  R2Ba4Cu7015  sys- 
tems (R  =  rare-earth  element,  except  Er)  which  exhibit 
the  same  a-b-plane  spin  configuration  as  the  Dy. 
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The  temperature  dependences  of  the  lattice  constant 
and  TA  phonon  dispersion  in  dilute  single  crystals  of 
KTa(1-x)Nb(x)03  with  0.012  less  than  or  equal  to  x 
less  than  or  equal  to  0.09  have  been  studied  using  x- 
ray  diffraction  and  neutron  scattering  techniques,  re- 
spectively. For  x  less  than  or  equal  to  0.06  an  anoma- 
lous low-temperature  expansion  of  the  cubic  lattice  pa- 
rameter is  observed  at  a  temperature  T(sub  min)  that 
increases  monotonically  with  Nb  concentration,  with  no 
measurable  change  in  symmetry  down  to  10  K.  Con- 
current with  T(sub  min)  is  a  monogeneous  broadening 
of  the  x-ray  Bragg  peaks  which  persists  down  to  10 
K,  as  well  as  a  strong  relief  of  extinction  seen  by  neu- 
tron diffraction.  Inelastic  neutron  scattering  measure- 
ments reveal  that  the  coupling  between  TA  and  TO 
modes,  first  observed  in  pure  KTa03,  is  both 
wavevector  and  concentration  dependent. 
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Extensive  neutron-scattering  experiments  have  been 
performed  in  order  to  characterize  the  nature  of  the  two 
correlation  lengths  observed  in  Tb,  a  phenomenon 
common  to  Ho  as  well  as  SrTi03.  In  the  vicinity  of  the 
transition  temperature,  each  of  those  crystals  exhibits 
an  anomalous  two-component  q  profile  in  the  critical 
scattering;  the  usual  broad  peak  and  an  unexpected 
additional  narrow  peak.  In  order  to  clarify  the  spatial 
origin  of  the  narrow  component,  the  (0,0, delta)  mag- 
netic satellite  peak  of  Tb  has  been  closely  examined 
using  a  very  narrow  neutron  beam  realized  by  a  high 
spatial  resolution  reflectometer  at  the  National  Institute 
of  Standards  and  Technology,  which  can  produce  well- 
defined  beam  widths  of  0.3  mm  and  less.  The  small 
scattering  angle  (theta  approx  =  1 .35  deg)  and  the  nar- 
row beam  width  result  in  an  extraordinarily  fine  q  and 
E  resolution.  As  recently  reported,  we  have  confirmed 
that  the  intensity  of  the  narrow  component  is  enhanced 
near  the  edge  of  the  crystal;  it  demonstrates  that  the 
major  part  is  located  within  the  near  surface  volume 
or 'skin'  of  the  crystal. 
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Using  a  mean-field  approach,  Carrico  and  Camley 
(Phys.  Rev.  B  45,  13117  (1992))  have  determined  the 
magnetic  behavior  expected  for  superlattices  consist- 
ing of  uniaxial  antiferromagnets.  They  state  that  the  re- 
sulting phase  transitions  in  a  real  system  cannot  be  ob- 
served by  standard,  bulk  measurements  of  the  mag- 
netization. In  fact,  the  predictions  of  their  model  can 
be  explicitly  tested  using  neutron-diffraction  tech- 
niques, which  have  already  been  applied  toward  the 
study  of  antiferromagnetic  NiO/CoO  and  Fe304/NiO 
superlattices. 
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An  extended  critical  state  model  which  includes  the  ef- 
fects of  bulk  critical  current  density,  equilibrium  mag- 
netization and  surface  barrier  is  developed  for  the 
magnetization  of  superconductors.  The  equilibrium 
magnetization  and  surface  barrier  are  modeled  by  an 
applied  field  dependent  surface  supercurrent  density 
j(s)(H),  whose  presence  changes  the  boundary  field  of 
the  bulk.  The  volume  supercurrents  flow  with  a  density 
equal  to  the  internal  field  dependent  critical  current 
density  J(c)(Hi).  The  magnetization  M  is  produced  by 
both  supercurrents.  For  the  M(H)  curve  computation, 
exponential-type  J(c)(Hi)  and  j(s)(H)  values  are  used 
for  the  general  case  of  an  infinite  sample  of  rectangular 
cross-section.  A  comparison  between  the  experimental 
magnetization  curves  of  a  sintered  YBa2Cu307 
superconductor  at  76  K  and  the  model  fit  shows  that 
j(s)(H)  is  null  for  the  coupling  matrix,  whereas  a  non- 
zero j(s)(H)  is  needed  for  the  grains.  The  model  fit  for 


the  irreversible  magnetization  of  the  grains  is  improved 
by  including  a  surface  barrier  to  the  entry  and  exit  of 
flux. 
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At  the  energies  of  interest  in  x-ray  photoelectron  spec- 
troscopy (XPS),  total  external  reflection  of  the  x-ray 
beam  occurs  from  a  smooth  surface  at  small  incidence 
angles.  The  penetration  of  the  x  rays  into  the  material 
is  strongly  attenuated  at  these  angles  and  surface  sen- 
sitivity is  enhanced  in  the  XPS  yields.  As  the  incidence 
angle  is  increased,  the  x  rays  penetrate  more  deeply 
into  the  material  and  the  XPS  signal  contains  a  larger 
contribution  from  the  bulk.  By  exploiting  this  angle-de- 
pendent x-ray  penetration  depth,  it  is  possible  to  obtain 
depth-dependent  XPS  spectra  from  which  the  con- 
centration profiles  of  the  photoelectron-emitting  atoms 
can  be  inferred.  In  this  paper  we  develop  a  general  for- 
malism for  calculating  grazing-incidence  XPS  (GIXPS) 
yields  from  multilayer  media.  A  quantitative  analysis  of 
GIXPS  spectra  acquired  from  an  oxidized  GaAs(100) 
surface  that  was  annealed  to  remove  oxidized  As  will 
be  discussed.  The  results  show  that  this  annealed 
oxide  is  composed  of  Ga203  and  that  the  oxide-GaAs 
substrate  interface  is  rough. 
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Transverse  thermomagnetic  effects  (Ettingshausen, 
Nernst  effects)  are  discussed  for  a  variety  of  phenome- 
nological  models  of  high-T(c)  and  other  layered 
superconductors.  The  use  of  the  temperature-depend- 
ent vortex-line  energy  in  determining  the  transport  en- 
tropy is  stressed,  leading  to  predictions  and  possibili- 
ties for  additional  experiments.  The  dynamics  of  both 
Abrikosov  and  Josephson  vortices  is  considered. 
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During  crystal  growth,  a  smooth  crystal-fluid  interface 
is  subject  to  instability  and  may  become  cellular  or  den- 
dritic. Linear  morphological  stability  theory  described 
the  conditions  under  which  the  interface  becomes  un- 
stable. The  theory  is  applicable  to  first  order  phase 
transformation  in  general,  but  in  this  article  we  will  treat 
the  growth  of  a  crystal  from  a  liquid  phase.  There  are 
many  reviews  of  morphological  stability.  In  this  article 


we  will  review  the  basic  theory  and  discuss  extension 
of  the  theory  with  emphasis  on  recent  developments. 
A  number  of  important  topics  will  not  be  treated  in  this 
article,  but  will  be  covered  in  other  articles  in  this  vol- 
ume. Effects  of  fluid  flow  are  treated  in  the  Chapter  by 
Davis.  Dendritic  growth  is  treated  in  the  Chapter  by 
Billia  and  Trivedi.  We  will  also  assume  that  effects  of 
crystalline  anisotropy  are  small  enough  that  facets  or 
missing  interface  orientations  do  not  occur. 
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Single  crystal  thin  films  of  (111)  oriented  C(60)  are 
grown  on  epitaxial  layers  of  single  crystal  antimony. 
The  C(60)/Sb  epitaxy  is  confirmed  by  low-energy  elec- 
tron diffraction  which  indicates  that  the  (left  bracket)  (1  - 
10)  (right  bracket)  in-plane  directions  are  parallel  in  the 
two  layers.  X-ray  diffraction  shows  that  the  C(60)  film 
is  entirely  (111)  oriented  and  of  high  quality  with  sharp 
Bragg  peaks  and  narrow  mosaic  spread.  In  this  study, 
the  Sb  films  were  grown  on  GaSb,  to  which  they  are 
lattice  matched;  however,  as  Sb  can  be  epitaxially 
grown  on  surfaces  with  a  large  lattice  mismatch,  this 
technique  may  be  applied  to  integrate  C(60)  single 
crystals  onto  many  substrates  or  devices  with  a  sur- 
face having  sixfold  symmetry. 
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We  have  measured  at  low  temperatures  the  current 
through  a  submicrometer  superconducting  island  con- 
nected to  two  normal  metal  leads  by  ultrasmall  tunnel 
junctions.  As  the  bias  voltage  is  lowered  well  below 
twice  the  superconducting  energy  gap,  the  current 
changes  from  being  e  periodic  with  gate  charge  to  2e 
periodic.  This  behavior  is  clear  evidence  that  there  is 
a  difference  in  the  total  energy  between  the  ground 
states  of  an  even  and  odd  number  of  electrons  on  the 
island.  The  2e-periodic  current  peaks  are  the  first  ob- 
servation of  the  Coulomb  blockade  of  Andreev  reflec- 
tion. 
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Practical  electromechanical  properties  of  a  high  T(c) 
superconductor  have  been  measured  for  Ag-sheathed 
Bi2Sr2Ca1Cu20(8+x)  superconductors  at  high  mag- 
netic fields  up  to  25  T.  A  melt-processed  powder-in- 
tube  Bi2Sr2Ca1Cu20(8+x)  conductor  had  an  irrevers- 
ible strain  of  0.2%  for  the  onset  of  permanent  damage 
and  a  50%  critical-current-degradation  strain  of  0.36%. 
Measurements  of  a  discontinuous  filament  melt-proc- 
essed Ag-sheathed  Bi2Sr2Ca1Cu20(8+x) 
superconductor  show  an  irreversible  strain  of  0.6%  and 
a  50%  degradation  strain  of  about  1%.  These  strain 
damage  thresholds  are  about  an  order  of  magnitude 
higher  than  for  high-temperature  superconductors 
made  by  bulk  sintering  and  are  reaching  practical  val- 
ues for  magnet  design. 
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Using  transmission  electron  diffraction  dark-field  imag- 
ing, atomic  force  microscopy  (AFM),  and  Nomarski  mi- 
croscopy, we  demonstrate  a  direct  connection  be- 
tween surface  topography  and  cation  site  ordering  in 
GalnP2.  We  study  epilayers  grown  by  organometallic 
vapor-phase  epitaxy  on  GaAs  substrates  oriented  2 
deg  off  (100)  towards  (110).  Nomarski  microscopy 
shows  that,  we  growth  proceeds,  the  surface  of  or- 
dered material  forms  faceted  structures  aligned  rough- 
ly along  left  bracket  01 1  right  bracket.  A  comparison 
with  the  dark-field  demonstrates  that  the  left  bracket 
1-11  right  bracket  and  left  bracket  11-1  right  bracket 
ordering  variants  are  segregated  into  complementary 
regions  corresponding  to  opposite-facing  facets  of  the 
surface  structures.  This  observation  cannot  be  ration- 
alized with  the  obvious  but  naive  model  of  the  surface 
topography  as  being  due  to  faceting  into  low-index 
planes.  However,  AFM  reveals  that  the  facets  are  in 
fact  not  low-index  planes,  but  rather  are  tilted  4  deg 
from  (100)  towards  (111)(sub  B).  This  observation  ex- 
plains the  segregation  of  the  variants:  the  surface  fac- 
ets act  as  local  (111)(sub  B)-misoriented  growth  sur- 
faces which  select  only  one  of  the  two  variants. 
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High  q-resolution  neutron-scattering  measurements  of 
the  critical  scattering  in  Tb  above  the  magnetic-spiral 
phase  transition  temperature  T(s)  exhibit  a  two-compo- 
nent line  shape,  as  recently  documented  in  Ho.  This 
implies  the  existence  of  a  second  length  scale.  By 
using  a  narrow  beam  only  300  micrometers  wide,  and 
then  translating  the  crystal  through  the  beam,  we  have 
established  that  the  origin  of  the  second  length  scale 
lies  within  the  near-surface  volume  or  'skin'  of  the  Tb 
crystal.  This  is  manifested  by  a  large  enhancement  of 
the  scattering  intensity  at  the  c-axis  face  of  the  cube- 
shaped  crystal. 
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The  magnetic  hysteresis  losses  of  samples  of  reacted 
multifilamentary  Nb3Sn  superconductor  wire  in  coiled 
and  straight  geometries  were  measured  at  4.1  K  with 
a  superconducting-quantum-interference-device 
(SQUID)  magnetometer  and  an  extraction  dc  magne- 
tometer (DCM)  for  fields  perpendicular  to  the  wire  axis. 
There  were  significant  differences  in  the  volume  en- 
ergy dissipation  for  the  various  samples.  These  dif- 
ferences are  a  function  only  of  the  length  of  the  wire 
samples  and  are  independent  of  whether  the  samples 
are  straight  segments  or  coils.  As  sample  length  in- 
creases from  2.6  mm,  losses  per  total  sample  volume, 
for  complete  field  cycles  of  +  or  -  3  T,  increase 
nonlinearly  from  0.19  to  an  asymptotic  value  of  0.43 
MJ/cu  m.  A  coiled  sample  with  wire  length  3  cm  has 
97%  of  the  losses  of  a  coiled  sample  with  wire  length 
15  cm  or  greater.  Losses  are  very  length-dependent 
below  1  cm. 
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Neutron  profile  refinements  have  been  carried  out  on 
powders  of  as-prepared  and  oxygen  annealed  sam- 
ples of  the  layered  HgBa2CaCu20(6  +  delta)(1212) 
cuprate  superconductors.  The  crystal  structure  is  tet- 
ragonal P4/mmm  over  the  range  of  temperatures  10 
K  to  298  K  investigated,  with  no  structural  transitions 
of  any  kind  being  detected.  The  extra  oxygen  that  elec- 
trically dopes  these  materials  is  found  to  reside  in  the 
centered  position  of  the  Hg  plane,  and  no  other  excess 
oxygen  is  present  in  these  samples.  In  addition,  we 
found  no  conclusive  evidence  for  mixing  of  the  Hg  and 
Cu  cations.  In  the  as-prepared  sample  we  found  delta 
=  0.22,  while  the  oxygen  content  increased  substan- 
tially to  delta  =  0.35  with  annealing.  This  extra  oxygen 
had  only  a  small  effect  on  the  superconductivity,  broad- 
ening the  transition  somewhat  and  shifting  T(c)  from 
1 1 2  K  to  1 20  K.  The  incorporation  of  extra  oxygen  also 
had  the  effect  of  constricting  the  lattice  parameters  by 
about  0.1%.  The  overall  behavior  is  similar  to  the  sin- 
gle-layer Hg- 1201  system. 
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Intergranular  properties  of  the  sintered  superconductor 
YBa2Cu307  have  been  studied  in  terms  of  complex 
harmonic  magnetic  susceptibility  chi(sub  n)  =  (chi 
prime)(sub  n)  -  i(chi  double  prime)(sub  n)  (n  integer) 
as  well  as  DC  susceptibility  chi(dc).  As  functions  of 
temperature  T,  (chi  prime)(sub  1)  and  (chi,  double 
prime)(sub  1)  depend  on  both  the  AC  magnetic-field 


amplitude  H(ac)  and  the  magnitude  of  a  superimposed 
DC  field  H(dc).  Only  odd-harmonic  susceptibilities  are 
observed  below  the  critical  temperature,  T(c),  for  zero 
H(dc)  while  both  odd  and  even  harmonics  are  ob- 
served for  nonzero  H(dc).  With  T  constant,  odd-har- 
monic susceptibilities  are  even  functions  of  H(dc), 
whereas  even-harmonic  susceptibilities  are  odd  func- 
tions of  H(dc).  In  contrast,  even-harmonic 
susceptibilities  measured  for  a  GdBa2Cu307  thin  film 
and  an  YBa2Cu307  single  crystal  are  not  prominent 
due  to  missing  weak  links,  whereas  odd-harmonic 
susceptibilities  are  remarkable.  A  survey  of  several 
models  for  the  harmonic  response  of  superconductors 
is  presented. 
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We  have  developed  an  x-ray  photoelectron  spectrom- 
eter system  which  combines  an  adjustable  grazing  in- 
cidence angle  source  with  reflected  beam  detection. 
When  operated  about  the  critical  angle,  this  combina- 
tion permits  a  variation  of  the  x-ray  penetration  depth 
which  can  be  monitored  by  means  of  the  reflectivity. 
At  angles  of  incidence  less  than  the  critical  angle,  the 
sampling  depth  of  the  photoemission  is  diminished,  but 
the  photoemission  from  the  surface  is  enhanced  due 
to  the  constructive  interference  of  the  incident  and  re- 
flected x-ray  beams.  When  used  with  Mg  K(alpha)  radi- 
ation (E(sub  gamma)  =  1253.6  eV),  the  spectrometry 
system  obtains  useful  distributions  of  chemical  species 
in  surface  layers  of  1 0-40  A  thickness.  We  present  data 
showing  the  depth  dependence  obtained  with  the 
spectrometer  of  different  oxides  in  a  sulfide-treated, 
oxidized  GaAs  (100)  surface. 
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The  high  temperature  superconductor  YBa2Cu30(x) 
absorbs  considerable  amounts  of  hydrogen  if  it  is  kept 
at  elevated  temperatures  in  a  hydrogen  gas  atmos- 
phere. In  parallel  neutron  spectroscopic  and  nuclear 
magnetic  resonance  experiments,  we  studied  the  vi- 
brational spectra  and  the  spin  lattice  relaxation  time  of 
the  protons  in  YBa2Cu30(x)  samples  that  were  doped 
with  hydrogen  due  to  the  absorption  of  hydrogen  gas. 
Both  the  vibrational  spectra  and  the  spin  lattice  relax- 
ation time  are  a  sensitive  probe  for  the  local  environ- 
ment of  the  protons.  We  carried  out  analogous  meas- 
urements on  samples  with  a  similar  proton  concentra- 
tion due  to  the  uptake  of  water  vapor.  These  experi- 
ments demonstrated  a  totally  different  local  environ- 
ment of  the  protons.  This  fact  is  a  strong  indication  that 
the  protons  absorbed  from  the  hydrogen  gas  atmos- 
phere did  not  react  with  the  oxygen  of  the  sample 
under  formation  of  molecular  water. 
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Single  phase  Bi2Sr2CaCu208  bulk  superconductor 
(T(c)  approx  =  82  K)  has  been  grown  by  laser  heated 
floating  zone  method.  The  samples  are  highly  textured 
with  the  grains,  typically  100  micrometers  in  diameter 
and  0.5  cm  long,  elongated  along  the  crystal  a-axis 
which  is  the  preferred  growth  direction.  Our  X-ray  anal- 
ysis and  transport  measurements  indicate  that  the  b, 
c  axes  are  also  orientated  from  grain  to  grain  in  the 
plane  perpendicular  to  the  growth  direction.  The  upper 
limit  of  the  misalignment  between  the  grains  is  esti- 
mated to  be  less  than  2  degrees  from  the  measured 
upper  critical  field  anisotropic  ratio.  The  critical  current 
density  for  such  highly  textured  polycrystalline  is  aniso- 
tropic and  limited  mainly  by  the  weak  links  at  the  grain 
boundaries.  The  grain  boundary  effects  will  be  dis- 
cussed on  the  basis  of  the  measured  temperature  and 
magnetic  field  dependence  of  the  critical  current. 
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The  effects  of  anneal  time  and  cooling  rate  on  the  for- 
mation and  texturing  of  superconducting 
Bi2Sr2CaCu208  (BSCCO)  films  were  investigated. 
Samples  were  prepared  by  sputter  depositing  amor- 
phous BSCCO  films,  annealing  them  at  870  C  in  flow- 
ing 20%  02-80%  Ar  for  30,  60,  or  180  minutes  and 
then  cooling  them.  Two  cooling  rates  were  inves- 
tigated: a  fast  cool  of  80  C/min  and  a  slow  cool  of  9 
C/min.  It  was  observed  that  effective  coupling  between 
superconducting  2,212  grains  occurs  when  films  ex- 
hibit a  minimum  amount  of  (001)  texturing.  In  addition, 
the  nucleation  and  growth  kinetics  are  significantly  dif- 
ferent for  the  isothermal  and  cooling  regimes  of  ther- 
mal processing.  Consequently,  anneal  time  and  cool- 
ing rate  play  distinct  roles  in  the  achievement  of  the 
appropriate  texture  and  microstructure  in  the  films: 
longer  anneal  times  increase  the  volume  fraction  of  the 
2,212  phase  while  slower  cooling  rates  enhance  grain 
growth  and  texturing. 
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The  ability  to  fabricate  nanometer-sized  structures  that 
are  stable  in  air  has  the  potential  to  contribute  signifi- 
cantly to  the  advancement  of  new  nanotechnologies 
and  our  understanding  of  nanoscale  systems.  Laser 
light  can  be  used  to  control  the  motion  of  atoms  on 
a  nanoscopic  scale.  Chromium  atoms  were  focused  by 
a  standing-wave  laser  field  as  they  deposited  onto  a 


silicon  substrate.  The  resulting  nanostructure  con- 
sisted of  a  series  of  narrow  lines  covering  0.4  millime- 
ter by  1  millimeter.  Atomic  force  microscopy  measure- 
ments showed  a  line  width  of  65  +  or  -  6  nanometers, 
a  spacing  of  212.78  nanometers,  and  a  height  of  34 
+  or  -  10  nanometers.  The  observed  line  widths  and 
shapes  are  compared  with  the  predictions  of  a  semi- 
classical  atom  optical  model. 
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Experimentally  determined  thermal  contact  resistance 
(conductance)  data  are  compared  with  predictions 
based  on  two  different  theories.  One  of  the  theories 
assumes  elastic  contact,  while  the  other  theory  is 
based  on  the  assumption  of  plastic  contact.  Even 
though  the  high  plastic  index  calculated  for  the  contact- 
ing surface  suggested  that  contacting  asperities  would 
deform  plastically,  the  experimental  data  generally 
agree  better  with  the  predictions  obtained  using  the 
elastic  contact  model  than  with  the  predictions  ob- 
tained using  the  plastic  contact  model. 
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This  chapter  focuses  on  electron  tunneling  spectros- 
copy (ETS)  of  the  thallium  based  high-temperature 
superconductor  (HTS)  materials.  A  summary  of  pub- 
lished results  is  included  with  comments  regarding  in- 
terpretations of  each  measurement.  Other  phenomena 
that  may  have  subsequent  bearing  on  the  interpreta- 
tion of  tunneling  spectra  are  addressed  briefly  includ- 
ing a  linear  background  conductance,  Coulomb  block- 
ade effects,  and  bound  states  at  superconductor/nor- 
mal metal  (SN)  interfaces.  This  chapter  does  not  ad- 
dress many  of  the  Josephson  like  devices  based  on 
weak-links,  point  contacts,  microbridges,  or  step-edge 
junctions. 
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Magnetic  force  microscopy  (MFM)  can  be  done  by 
making  a  simple  change  in  conventional  scanning  tun- 
neling microscopy  (STM)  where  the  usual  rigid  STM 
tip  is  replaced  with  a  flexible  magnetic  tip.  STM  images 
acquired  this  way  show  both  the  topography  and  the 
magnetic  forces  acting  on  the  flexible  tip.  The  z-motion 
of  the  STM  piezo  tube  scanner  flexes  the  tip  to  balance 
the  magnetic  force  so  that  the  end  of  the  tip  remains 
a  fixed  tunneling  distance  from  the  sample  surface.  We 
present  a  review  of  some  'tunneling-stabilized'  MFM 
(TSMFM)  images  showing  magnetic  bit  tracks  on  a 


hard  disk,  Bloch  wall  domains  in  garnet  films,  and  flux 
patterns  in  high-T(c)  superconductor  films.  The  image 
resolution  of  TSMFM  is  routinely  0.1  micrometer  using 
Au  coated  magnetic  tips  cut  from  Ni  or  Fe  films.  Recent 
results  show  that  a  TSMFM  resolution  of  less  than  40 
nm  is  possible  with  micromachined  cantilevers  coated 
with  a  very  thin  Au-Fe  bilayer. 
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We  are  developing  a  novel  form  of  magnetic  force  mi- 
croscopy (MFM)  which  is  well  suited  for  low-tempera- 
ture imaging  of  magnetic  flux  lines  penetrating 
superconductors.  This  method  is  based  on  standard 
scanning  tunneling  microscopy  (STM)  where  the  usual 
rigid  tunneling  tip  is  replaced  with  a  flexible  magnetic 
tip.  We  present  a  discussion  of  the  interpretations  of 
these  images  which  includes  theoretical  aspects  of 
MFM  of  flux  lines  in  superconductors  and  experimental 
details  regarding  MFM  which  we  believe  are  critical  for 
flux  imaging. 
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An  analytic  expression  for  the  polarized  neutron  reflec- 
tivity R(sup  +,-)  (theta,  lambda)  from  a  superconductor 
with  penetration  depth  lambda  is  derived  as  an  exact 
solution  of  the  1 D  Schroedinger  equation  in  the  contin- 
uum limit.  The  down-spin  solution  R(sup  -)  (theta, 
lambda)  reveals  a  surprising  oscillatory  dependence 
on  lambda  within  a  narrow  angular  range  immediately 
above  the  total  reflection  angle,  and  in  fact  vanishes 
when  lambda  and  H  satisfy  certain  conditions.  This 
exact  solution  is  applicable  to  other  scattering  prob- 
lems with  a  general  exponential  dependence  in  the  po- 
tential. 
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An  analysis  of  the  micromagnetic  structure  of  domains 
and  domain  walls  in  Co/Pt  multilayer  films  is  reported. 
Magneto-optically  written  domains  have  been  imaged 
in  a  scanning  transmission  electron  microscope  by 
using  the  modified  differential  phase  contrast  mode  of 
Lorentz  electron  microscopy.  These  have  been  com- 
pared with  computer-simulated  images  based  on  a 
two-dimensional  model  of  a  circular,  perpendicular 
magnetized  domain  with  a  Bloch-like  wall  structure. 
Agreement  is  found  for  the  domain  and  stray  field  con- 
trast, but  the  absence  of  wall  contrast  in  the  experi- 
mental images  indicates  a  more  complex  wall  structure 
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in  the  multilayer  than  was  assumed  by  the  model.  In 
a  further  series  of  calculations  the  magnetic 
microstructure  of  a  Co/Pt  multilayer  was  modeled  by 
solving  the  Landau-Lifshitz-Gilbert  equations.  These 
suggest  that  the  wall  structure  varies  throughout  the 
thickness  of  the  multilayer,  allowing  significant  saving 
of  magnetostatic  energy  through  the  establishment  of 
flux  closure  paths  close  to  the  walls,  and  are  consistent 
with  experimental  observations. 
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Intense  interest  has  been  generated  over  the  past  sev- 
eral years  in  the  growth  and  properties  of  layered  mag- 
netic materials,  both  from  a  fundamental  point  of  view 
and  for  applications.  For  the  purposes  of  this  review, 
the  term  artificial  metallic  superlattice  will  be  reserved 
for  true  three  dimensionally  coherent  layered  struc- 
tures, while  the  term  multilayer  will  be  used  for  layered 
structures  in  which  coherence  is  present  in  less  than 
three  dimensions.  The  recent  refinements  in  computer- 
controlled  molecular  beam  epitaxy  (MBE)  techniques 
for  the  growth  of  single  crystal  artificial  superlattices  of 
two  or  more  distinct  compositions  have  opened  up  vast 
possibilities  for  the  production  of  tailor-made  artificial 
superlattices  with  controlled  film  thicknesses  down  to 
atomic  dimensions  and  with  highly  reproducible  stack- 
ing sequences.  This  has  provided  previously  unavail- 
able opportunities  to  examine  problems  of  interaction 
ranges,  tunneling  distances,  and  other  coherent  phe- 
nomena which  are  dependent  on  the  superlattice  peri- 
odicity. In  particular,  the  development  starting  in  1984 
of  MBE  growth  procedures  for  single  crystal  rare  earth 
metal  superlattices  has  permitted  prototypical  tests  for 
verifying  many  of  the  theoretical  concepts  of  magnetic 
exchange,  anisotropy,  and  magnetostriction  effects  in 
the  rare  earths  which  could  not  previously  be  examined 
in  as  controlled  a  way  using  conventional  bulk  mate- 
rials. 
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Photoemission  was  used  to  investigate  the  electronic 
density  of  states  (DOS)  in  Ni2MnSb  and  NiMnSb. 
Comparisons  with  calculated  band  structures  reveal 
reasonable  agreement,  but  there  are  indications  that 
the  calculations  overemphasize  Ni  3d  contributions  at 
some  binding  energies.  Resonant  effects  at  the  Mn  3p 
core  threshold  were  employed  to  obtain  information  on 
the  Mn  3d  partial  densities  of  states  and  these  indicate 
that  Mn  3d  character  is  spread  throughout  the  valence 
bands,  in  agreement  with  theory.  These  effects  are 
strongest  in  the  bottom  of  the  valence  band  around  a 
binding  energy  of  3.1  eV  and  produce  structure  which 
agrees  well  with  the  theoretical  Mn  3d  DOS,  but  are 
weak  for  other  portions  of  the  calculated  Mn  DOS. 
These  results  are  discussed  in  the  context  of  models 
for  the  formation  of  localized  moments  in  these  mate- 
rials. 
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It  is  shown  that  the  interaction  energy  between  flux  vor- 
tices and  twin  boundaries  changes  sign  from  negative 
to  positive  as  the  temperature  is  lowered.  For  small  ap- 
plied fields  (H  <  2Hc1)  the  crossover  temperature  is 
approximately  70  K. 
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Using  scanning  tunneling  microscopy  (STM)  and  re- 
flection high  energy  electron  diffraction  (RHEED)  we 
have  examined  the  growth  morphology,  surface  struc- 
ture, and  surface  degradation  of  laser  ablated 
YBa2Cu30(7-delta)  thin  films.  Films  from  5  nm  to  I  mi- 
crometer thick  were  studied.  The  films  were  deposited 
on  MgO  and  LaAI03  substrates  using  two  different 
excimer  laser  ablation  systems.  Both  island  nucleated 
and  spiral  growth  morphologies  were  observed  de- 
pending on  the  substrate  material  and  deposition  rate 
used.  The  initial  growth  mechanism  observed  for  a  5- 
10  nm  thick  film  is  replicated  through  different  growth 
layers  up  to  thicknesses  of  200  nm.  Beyond  200  nm, 
the  films  show  some  a-axis  grains  and  other  out- 
growths. The  thinnest  films  (5-10  nm)  show  consider- 
able surface  roughness  on  the  order  of  3-4  nm.  For 
both  growth  mechanisms  the  ledge  width  remains  ap- 
proximately constant  (about  30  nm)  and  the  surface 
roughness  increases  as  the  film  thickness  increases. 
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The  layered  structures  of  the  known  superconducting 
copper  oxides  can  be  described  in  terms  of  alternating 
slices  having  the  rock  salt  and  perovskite  structure. 
This  layer  by  layer  representation  of  the  crystal  struc- 
tures of  oxide  superconductors  offers  a  conventient 
method  for  classifying  and  comparing  to  one  another 
these  important  materials,  and  for  predicting  new  com- 
pounds which  may  exhibit  interesting  electronic  prop- 
erties. 
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Transport  data,  magnetic  hysteresis  and  flux  creep  ac- 
tivation energy  experimental  results  are  presented  for 
silver-sheathed  high-Tc  Bi2Sr2Ca2Cu30x 
superconducting  tapes.  The  110  K  superconducting 
phase  was  formed  by  lead  doping  in  a  Bi-Sr-Ca-Cu- 
O  system.  The  transport  critical  current  density  was 
measured  at  4.0  K  to  be  0.7  x  10(5)  A/sq.  cm  (the  cor- 
responding critical  current  is  74  A)  at  zero  field  and  1 .6 
x  10(4)  A/sq.  cm  at  12  T  for  Hfdouble  vertical  bars)ab. 
Excellent  grain  alignment  in  the  a-b  plane  was 
achieved  by  a  short-melting  method,  which  consider- 
ably improved  the  critical  current  density  and 
irreversibility  line. 
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Composites  of  dissimilar  materials  wherein  the  sizes 
of  the  constituents  are  on  the  order  of  a  few 
nanometers  (Nanocomposites)  are  found  to  possess 
properties  similar  to,  but  different  from,  the  properties 
of  the  individual  constituents.  When  at  least  one  of  the 
constituents  possesses  a  permanent  magnetic  mo- 
ment, the  magnetization  statics  and  dynamics  of  the 
nanocomposite  can  be  very  different  from  that  of  the 
magnetic  species  in  bulk  form.  In  addition,  the  sensitiv- 
ity of  these  magnetic  properties  to  composition  and 
morphology  allows  the  class  of  magnetic 
nanocomposites  to  serve  as  a  laboratory  for  the  atomic 
engineering  of  materials  with  specific  magnetic  charac- 
teristics. 
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The  magnetic  properties  of  nanocomposites  containing 
extremely  small  magnetic  particulates  dispersed  in  a 
nonmagnetic  matrix  can  be  very  different  than  those 
of  the  bulk  magnetic  material.  Here  we  consider  the 
consequences  of  such  a  microstructure  on  the 
magnetocaloric  effect.  Upon  the  application  of  an  ex- 
ternal magnetic  field,  the  magnetic  spins  in  a  material 
tend  to  align  with  the  field,  thereby  reducing  the  mag- 
netic entropy  of  the  spin  system.  Creation  of  a 
nanocomposite  with  many  very  small  ferromagnetic  re- 
gions provides  an  effective  enhanced  magnetic  mo- 
ment which  can  result  in  certain  temperature  and  field 
ranges  in  an  increased  dT  over  that  provided  by  either 
paramagnetic  or  ferromagnetic  materials,  with  poten- 
tial application  to  magnetic  refrigeration. 
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The  preparation  condition  of  polystyrene  (PS)  ultra  thin 
film  by  a  water  casting  method  was  investigated  on  the 
basis  of  transmission  electron  microscopic  (TEM)  ob- 
servations. Homogeneous  ultra  thin  films  were  pre- 
pared from  a  0.2-2.0  wt%  cyclohexanone  solution  of 
PS  owing  to  moderate  spreadability  of  the  solution  on 
the  water  surface.  The  spreading  state  of  the  solution 
on  the  water  surface  depending  on  the  dissipation 
speed  of  solvent  and  entanglements  among  PS  chains 
were  in  strong  relation  to  formation  of  the  homo- 
geneous ultra  thin  film.  X-Ray  interference  measure- 
ments revealed  that  the  thickness  of  the  ultra  thin  film 
was  smaller  than  the  dimension  of  an  unperturbed  PS 
chain. 
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The  crystal  structure  of  Ca(1-x)CuO(2),  a  low  tempera- 
ture phase  in  the  Ca-Cu-0  system,  has  been  studied 
by  X-ray  diffraction.  The  structure  contains  edge 
shared  chains  of  Cu04  squares,  forming  linear 
(Cu02)-chains  and  is  related  to  the  NaCu02-type.  In 
contrast  to  the  NaCu02-type,  the  calcium  atoms  are 
not  well  localized  and  various  superstructures  caused 
by  different  Ca  ordering  are  observed. 
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Strongly  anisotropic,  polarized  CI  Kbeta  x-ray  emission 
has  been  observed  from  gas-phase  CF3CI  following 
selective  resonant  excitation  with  a  linearly  polarized 
x-ray  beam.  Distinctively  different  polarizations  and  an- 
gular distributions  result  for  emission  involving  molecu- 
lar orbitals  of  different  symmetries.  A  classical  model 
of  the  x-ray  absorption/emission  process  well  de- 
scribes the  observed  radiation  patterns.  A  small  anisot- 
ropy also  was  measured  for  Ar  Kalpha  emission  follow- 
ing resonant  excitation.  The  observation  of  only  a  small 
anisotropy  in  this  case  is  attributed  to  the  averaging 
out  of  the  individual  anisotropics  from  unresolved  final 
states.  The  authors  review  the  experimental  methods 
and  results  and  discuss  theoretical  models  used  to  de- 
scribe polarization  and  anisotropy  effects  in  x-ray  ab- 
sorption and  emission  from  atoms  and  molecules. 
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The  surface  topography  of  YBa2CU30(7-delta)  thin 
films  was  studied  with  both  atomic  force  microscopy 
(AFM)  and  scanning  tunneling  microscopy  (STM).  The 
AFM  images  revealed  a  high  density  of  small  distinct 
nanoparticles,  10-50  nm  across  and  5-20  nm  high, 
which  did  not  appear  in  STM  images  of  the  same  sam- 
ples. Scanning  the  STM  tip  across  the  surface  broke 
off  particles  and  moved  them  to  the  edge  of  the 
scanned  area,  where  they  were  later  imaged  with  the 
AFM. 
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We  study  a  triangular  network  containing  two  kinds  of 
Hooke  springs  with  different  natural  lengths.  If  the  two 
spring  constants  are  the  same,  we  can  solve  the  model 
exactly  and  show  that  Vegard's  law  is  obeyed,  irre- 
spective of  whether  the  bonds  are  arranged  randomly 
or  in  a  correlated  way.  A  more  complete  description 
of  these  networks  is  obtained  through  the  mean 
lengths  and  length  fluctuations  associated  with  the  two 
kinds  of  bonds,  and  the  strain  energy.  The  complete 
distribution  of  bond  lengths  is  obtained  numerically  and 
shows  an  interesting  and  unexpected  symmetry  for  the 
random  case.  Finally,  we  show  that  numerical  results 
for  a  similar  system,  but  with  different  force  constants 
as  well  as  different  natural  lengths,  can  be  well  ac- 
counted for  by  using  an  effective  medium  theory  which 
reduces  to  the  exact  results  when  the  two  spring  con- 
stants are  made  equal.  We  show  that  these  lattices  can 
be  described  very  accurately  up  to  about  50%  length 
mismatches,  when  pleating  occurs  and  the  lattices  de- 
velop local  instabilities. 
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A  method  for  determination  of  the  basic  parameters  of 
vortex  mobility  from  the  magnetic  induction  vs.  time 
curve  obtained  from  a  zero-field  cooled 
superconductor  is  presented.  Three  stages  of  mag- 
netizing are  considered.  Measurement  of  the  log-creep 
rate  allows  determination  of  the  activation  moment 
alpha,  while  the  study  of  the  kinetics  during  the  ap- 
proach to  equilibrium  provides  the  relaxation  time  r, 
and  the  equilibrium  inductions  B(o).  Then  the  activation 
energy  U  can  be  calculated.  These  two  stages  were 
obtained  both  for  three  different  samples  of 
YBa2Cu307:  a  single  crystal,  a  sintered  powder,  and 
a  sample  prepared  by  the  quench-melt-growth  (QMG) 
process.  The  QMG  sample  was  perfect  enough  to  give 
reliable  quantitative  results. 
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We  have  used  scanning  electron  microscopy  with  po- 
larization analysis  (SEMPA)  to  investigate  the  mag- 
netic exchange  coupling  between  an  Fe  film  and  an 
Fe  whisker  separated  by  either  a  Cr  or  Ag  spacer  layer. 
The  thickness  dependence  of  the  oscillatory  coupling 
in  these  atomically  well  ordered,  epitaxial  films  was 
precisely  measured.  The  periodicity  of  exchange  cou- 
pling is  consistent  with  predictions  based  on  Fermi  sur- 
face spanning  vectors  of  the  interlayer  material. 
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A  vector  moving  Preisach  model  has  been  developed 
that  describes  partially  oriented  particulate  media  by 
pseudo-particles,  consisting  of  a  distribution  of  several 
basic  particles  with  various  orientations  of  easy  axes. 
The  model  uses  switching  modes  calculated  by  a 
micro-magnetic  simulation  of  physical  particles.  In 
order  to  test  this  model,  the  angular  dependence  of  the 
magnetic  properties  was  measured  by  a  VSM  for  sev- 
eral samples  of  commercial  recording  media  that  had 
different  degrees  of  particle  orientation.  The  experi- 
mental results  are  in  good  agreement  with  the  orienta- 
tion dependence  of  the  squareness,  remanence,  and 
coercivity,  as  predicted  by  the  model. 
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Tunneling  spectroscopy  measurements  were  per- 
formed on  squeezable  electron  tunneling  (SET)  junc- 
tions using  Bi-Sr-Ca-Cu-O,  Y-Ba-Cu-O,  and  Nb  elec- 
trodes in  a  variety  of  combinations.  A  zero-bias  con- 
ductance peak  has  been  seen  repeatedly  in  the  cur- 
rent-voltage (l(V))  and  the  conductance-voltage  (G(V)) 
characteristics.  A  model  is  presented  to  explain  this, 
conductance  peak  in  terms  of  quasi-particle  tunneling, 
phase  diffusion,  and  a  supercurrent.  Two  additional 
structures  have  been  seen  repeatedly  in  l(V)  and  G(B). 
One  of  these  structures  has  the  characteristics  of  an 
energy  gap  feature.  The  other  structure,  which  can 
mimic  the  gap  feature,  is  explained  in  terms  of  the 
switching  to  the  voltage  state  of  a  grain  boundary  junc- 
tion that  is  in  series  with  the  SET  junction.  The  depend- 
ence of  these  features  upon  temperature  and  the  force 
applied  to  the  junction  are  examined. 
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We  have  used  squeezable  electron  tunneling  junc- 
tions, at  4  K,  to  examine  the  zero-bias  conductance 
peak  that  has  been  found  in  high  temperature 
superconductor  tunnel  junction  spectra  by  a  number  of 
researchers.  In  addition,  peaks  in  the  differential  con- 
ductance-voltage characteristic  have  been  found  re- 
peatedly between  46  and  64  mV.  We  interpret  the 
voltages  at  which  these  peaks  occur  to  be  the  gap  volt- 
age 2  delta  (4  K).  The  zero-bias  conductance  peak  can 
be  explained  in  terms  of  a  supercurrent  and  thermal 
excitations,  both  quasi-particles  and  phase  diffusion. 
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We  have  obtained  an  analytic  expression  for  the  reflec- 
tivity R(sup  +  -)(theta,  lambda)  of  polarized  neutrons 
from  a  superconductor  in  the  Meissner  state,  where 
lambda  is  the  magnetic-field  penetration  depth  and 
theta  is  the  incident  angle  of  the  neutron  beam.  The 
result  is  derived  as  an  exact  solution  of  the  1D 
Schroedinger  equation  in  the  continuum  limit,  with  an 
interaction  potential.  The  solution  for  R(sup  +  -)(theta, 
lambda)  reveals  surprising  features  in  its  lambda  de- 
pendence that  have  not  been  discovered  in  previous 
numerical  studies.  In  particular,  R(sup  -)(theta,  lamb- 
da) displays  an  oscillatory  dependence  on  lambda 
within  a  narrow  angular  range  immediately  above  the 
total  reflection  angle,  instead  of  a  monotonic  depend- 
ence as  inferred  from  earlier  numerical  calculations. 
The  solution  also  reveals  that  complete  transmission 
for  the  down-spin  state  (R(sup  -)(theta,  lambda)  =  0) 
may  occur  when  lambda  and  H  (the  applied  magnetic 
field)  satisfy  certain  conditions. 
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In  this  paper,  we  propose  that,  depending  on  their 
height,  ledges  on  cracks  can  be  efficient  sources  of 
dislocations  at  loadings  well  below  the  critical  loading 
for  homogeneous  emission.  Detailed  three  dimen- 
sional elastic  calculations  are  presented  supporting 
this  proposition.  There  are  two  configurations  for  emis- 
sion; one  which  blunts  the  crack,  and  one  we  call  a 
jogging  configuration.  By  our  calculations,  the  blunting 
configuration  should  be  the  more  efficient  source;  how- 
ever, jogging  dislocations  are  more  frequently  ob- 
served, experimentally.  We  find  that  the  ledge  is  only 
a  finite  source  of  dislocations,  in  the  sense  that  the 
ledge  height  decreases  as  the  dislocations  are  emitted. 
The  atomic  configuration  at  the  ledge  is  composed  of 
finite  lengths  of  real  dislocations,  which  is  the  reason 
why  such  dislocations  can  be  emitted  easier  than  ho- 


mogeneously produced  dislocations.  The  stresses  at 
the  ledge  tip  produce  a  cloud  of  bound  dislocations 
near  the  ledge,  pinned  at  the  ledge  ends,  so  that  the 
ledge  crack  configuration  becomes  delocalized. 
Derealization  of  the  pile-up  dislocations  in  the  jogging 
direction  may  explain  why  the  jogging  dislocations  are 
more  frequently  seen.  Implications  for  DFZ's  and  duc- 
tile transitions  are  discussed. 
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In  this  paper,  we  address  some  fundamental  questions 
regarding  the  response  of  a  crack  to  externally  gen- 
erated dislocations.  We  note  that  since  dislocations 
formed  at  external  sources  in  the  material  must  be  in 
the  form  of  loops  or  dipoles,  that  the  theory  must  be 
couched  in  terms  of  crack  shielding  in  a  plastically  po- 
larizable medium.  There  are  strong  analogies  to  dielec- 
tric theory.  We  prove  two  general  theorems:  (1) 
Dipoles  formed  in  the  emission  geometry  relative  to  a 
crack  tip  always  antishield  the  crack,  and  (2)  when 
dipoles  are  induced  during  uniform  motion  through  a 
uniformly  plastically  polarizable  material,  then  the 
shielding  is  always  positive.  We  illustrate  these  general 
theorems  with  a  number  of  special  cases  for  fixed  and 
polarizable  sources.  Finally,  we  simulate  the  self  con- 
sistent time  dependent  response  of  a  crack  to  a  polar- 
izable source,  as  the  crack  moves  past  it.  The  results 
show  the  crack  is  initially  antishielded,  but  that  positive 
shielding  always  dominates  during  later  stages  of  con- 
figuration evolution.  The  crack  may  be  arrested  by  the 
source,  or  it  may  break  away  from  it,  depending  upon 
the  various  parameters-source  strength  and  geom- 
etry, dislocation  mobility,  Griffith  condition  for  the 
crack,  etc.  The  results  indicate  that  the  time  depend- 
ence of  crack  shielding  in  the  presence  of  a  nonuniform 
density  of  sources  will  be  very  important  in  practical 
cases  of  brittle  transitions  in  materials. 
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The  x-ray  standing  wave  (XSW)  technique  was  applied 
to  determine  the  lattice  location  of  Si  impurity  atoms 
in  GaAs(100)  crystals.  The  synchrotron  radiation  of 
X24A  at  the  national  synchrotron  light  source  was  used 
to  set  up  backreflection  XSW,  an  experimental  geom- 
etry which  drastically  relaxes  the  otherwise  stringent 
requirement  on  the  lattice  perfection.  Specifically,  the 
lattice  sites  were  determined  with  respect  to  the  (left 
bracket)  311  (right  bracket)  reflection  planes  which  dif- 
ferentiate a  Ga  site  from  an  As  site.  With  the  aid  of 
an  appropriate  choice  of  the  x-ray  fluorescence  filter, 
we  were  able  to  study  GaAs(100)  samples  with  very 
low  levels  of  Si  impurities.  On  a  sample  doped  with  4 
X  10(exp  18)/cc  Si  during  the  molecular-beam  epitaxy 
growth,  we  found  that  the  Si  atoms  predominantly  oc- 
cupied the  Ga  sites.  On  both  an  ion-implanted  sample 
after  annealing  and  a  sample  with  Si  impurities  intro- 
duced by  thermal  diffusion,  about  30%  of  the  Si  atoms 
occupied  the  Ga  sites,  and  the  rest  occupied  random 
sites.  The  As  site  occupation  was  less  than  6%.  Sug- 
gestions are  made  for  further  experiments  with  im- 
proved sensitivity. 
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We  have  used  neutron  diffraction  techniques  to  study 
the  field  dependence  of  the  magnetic  ordering  of  Cu 
spins  in  R2Cu04  (R=Nd,Sm)  in  order  to  distinguish  be- 
tween the  proposed  collinear  and  noncollinear  spin 
structures.  In  the  proposed  collinear  spin  structure, 
there  are  two  separate  domains  with  the  spins  either 
along  the  (110)  or  along  the  (1-10)  directions,  while  in 
the  noncollinear  model  there  is  a  single  domain  with 
the  alternate-layer  spins  along  the  (100)  and  (010)  di- 
rections, respectively.  If  a  magnetic  field  is  applied 
along  the  (1-10),  strong  hysteresis  effects  are  antici- 
pated for  the  collinear  spin  structure  due  to  domain 
repopulation,  while  such  effects  are  not  expected  for 
the  noncollinear  spin  structure.  Our  field  dependent 
data  do  not  show  any  hysteresis  effects  associated 
with  the  pure  Cu  ordering,  which  strongly  suggest  that 
the  noncollinear  spin  structure  is  correct  for  the  mag- 
netic spin  configuration  of  the  Cu  spins  of  both  com- 
pounds. Hysteresis  effects  in  a  field  are  observed  in 
Sm2Cu04  near  and  below  the  Sm  ordering  tempera- 
ture, and  these  are  most  likely  caused  by  the  inter- 
action between  Sm  and  Cu  sublattices. 
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Field-dependent  neutron-diffraction  measurements 
have  been  taken  on  Nd2Cu04  and  Sm2Cu04  in  order 
to  distinguish  between  the  proposed  collinear  and 
noncollinear  spin  structures  for  the  Cu  ions.  For  mag- 
netic fields  applied  along  the  (110)  direction,  both  sys- 
tems exhibit  Bragg  intensities  that  are  continuous  and 
reversible  with  H.  For  Nd2Cu04  we  have  also  taken 
data  for  fields  applied  within  an  angle  alpha  of  the  (1 00) 
direction,  and  we  have  found  that  the  intensities  of  the 
magnetic  reflections  increase  or  decrease  depending 
on  the  sign  of  alpha.  Both  of  these  observations  are 
only  consistent  with  the  noncollinear  spin  model. 
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This  article  reports  results  from  a  study  on  the  effect 
bulk  impurities  in  MgO  substrates  may  have  when  sub- 
strates are  annealed  to  improve  film  microstructure 
and  transport  properties.  DyBaCuO  thin  films  are  pre- 
pared by  molecular  beam  reactive  coevaporation  on 
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both  annealed  and  unannealed  MgO(100).  While 
predeposition  annealing  has  led  to  improved  film  qual- 
ity for  some  groups,  under  our  conditions  just  the  oppo- 
site occurs.  We  point  out  the  existence  of  Ca  segrega- 
tion to  the  MgO  surface  as  a  factor  that  needs  inves- 
tigation because  Ca  is  a  common  contaminant  in  com- 
mercially supplied  MgO.  Atomic  force  microscope  im- 
ages show  decoration  of  annealed  substrates  with 
submicron  size  particles  that  may  be  composed  of  the 
segregated  Ca.  These  particles  seem  to  underlie  the 
distinct  differences  seen  in  the  surface  microstructure 
of  films  on  annealed  and  unannealed  substrates. 
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Surface  morphology  of  InP  layers  is  monitored  during 
organometallic  vapor  phase  epitaxy  using  an  in  situ  dif- 
fuse laser  light  scattering  technique.  Changes  in  the 
diffuse  scatter  signal  are  noted  for  several  substrate 
orientations  near  the  (001 )  plane  and  at  various  growth 
temperatures.  The  diffuse  scatter  signal  is  shown  to  be 
a  semi-quantitative  indicator  of  surface  roughness 
through  post-growth  examination  of  the  samples  with 
phase  contrast  optical  microscopy  and  atomic  force  mi- 
croscopy. Singular  substrates  consistently  have  almost 
featureless  surfaces  and  very  little  diffuse  scattering 
during  growth.  Vicinal  substrates  display  a  more  com- 
plicated morphological  evolution  which  cannot  be  de- 
duced from  the  diffuse  scattering  alone  but  which  does 
produce  characteristic  changes  in  diffuse  scattering. 
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Measurements  of  two  ultrasmall  Josephson  junctions 
connected  in  series  show  a  supercurrent  with  mag- 
nitude much  greater  than  previously  reported  for  simi- 
lar devices.  The  dependence  of  the  supercurrent  on 
gate  charge  shows  agreement  with  predictions  made 
by  Averin  and  Likharev  that  are  based  on  a  conjugate 
relationship  between  the  junction  phase  and  charge 
variables.  The  transport  of  Cooper  pairs  through  the 
two  junctions  makes  the  devices  behave  effectively  as 
a  single  junction  whose  critical  current  is  modulated  by 
the  gate  charge. 
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This  review  critically  analyzes  current  practice  in  the 
design,  calibration,  sensitivity  determination,  and  oper- 
ation of  alternating-field  susceptometers,  and  exam- 
ines applications  in  magnetic  susceptibility  measure- 
ments of  superconductors.  Critical  parameters  of  the 
intrinsic  and  coupling  components  of  granular 
superconductors  may  be  deduced  from  magnetic  sus- 
ceptibility measurements.  The  onset  of  intrinsic 
diamagnetism  corresponds  to  the  initial  decrease  in 
electrical  resistivity  upon  cooling,  but  the  onset  of 
intergranular  coupling  coincides  with  the  temperature 
for  zero  resistivity.  The  lower  critical  field  may  be  deter- 
mined by  the  field  at  which  the  imaginary  part  of  sus- 
ceptibility increases  from  zero.  Unusual  features  in  the 
susceptibility  of  superconductor  films,  such  as  a  mag- 
netic moment  that  is  independent  of  film  thickness  and 
the  variation  of  susceptibility  with  angle,  are  related  to 
demagnetization. 
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High  current,  low  resistance,  nonmagnetic,  and  non- 
destructive pressure  contacts  to  Ag  pads  on 
YBa2Cu30(7-delta)  (YBCO)  thin  film  superconductors 
were  developed  in  this  study.  The  contact  resistance 
reported  here  includes  the  resistance  of  the  current 
lead/Ag  pad  interface,  the  Ag  pad/YBCO  interface,  and 
the  bulk  resistance  of  the  contact  material.  This  total 
contact  resistance  is  the  relevant  parameter  which  de- 
termines power  dissipation  during  critical-current 
measurements.  It  was  found  that  regardless  of  the  opti- 
mization of  the  Ag  pad/YBCO  interface  through  an- 
nealing, a  pressure  contact  can  yield  a  lower  total  re- 
sistance than  a  soldered  contact.  The  lowest  resist- 
ance obtained  with  pressure  contacts  was  3 
(micro)ohms  (for  a  2  X  4  sq  mm  contact).  These  con- 
tacts may  be  useful  for  many  different  high  tempera- 
ture superconductor  (HTS)  studies  where  high-current 
contacts  with  low  heating  are  needed. 
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Phase-pure  thin  films  of  the  YBa2Cu30(7-x)  (YBCO) 
lattice  matched  and  low  loss  tangent  perovskite  insula- 
tor PrGa03  have  been  grown  in  situ  on  single-crystal 
(110)  LaAI03  substrates  by  metalorganic  chemical 
vapor  deposition  (MOCVD).  Films  were  grown  at  tem- 
peratures of  750-800  C  using  beta-diketonate  precur- 
sors M(dpm)3  (M  =  Pr.Ga;  dpm  =  dipivaloyl- 
methanate).  YBCO  films  were  then  grown  on  the 
MOCVD-derived  PrGa03  by  pulsed  laser  deposition 
(PLD).  Scanning  electron  microscopy  reveals  that  the 
PrGa03  films  have  smooth,  featureless  surfaces.  As 
assessed  by  x-ray  diffraction,  the  PrGa03  films  grow 
epitaxially  on  LaAI03  with  a  high  degree  of  (001)  and/ 
or  (110)  plane  orientation  parallel  to  the  substrate  sur- 
face, and  the  subsequent  YBCO  films  grow  with  a  (00I) 
orientation.  Rocking  curve  and  phi-scan  analyses  re- 
veal that  the  PrGa03  and  YBCO  films  grow  epitaxially. 


YBCO  films  grown  by  PLD  on  the  MOCVD-derived 
PrGa03  exhibit  T(c)  =  91  K  and  J(c)  =  6  X  10(exp  6) 
A/sq  cm  at  77  K  in  zero  field. 
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The  relationship  between  two  anharmonic  physical 
properties  is  considered:  the  bulk-modulus  tempera- 
ture dependence  and  the  thermal  expansivity.  For  the 
first,  Varshni's  relationship  is  used,  which  derives  from 
an  Einstein-oscillator  model  of  crystals.  For  the  sec- 
ond, a  relationship  from  Slater  is  used  with  a  similar 
basis.  The  ration  of  the  two  properties  is  found  to  be 
gamma  +  1,  where  gamma  denotes  the  usual 
Gruneisen  parameter.  Varshni's  adjustable  parameter 
s  is  interpreted  in  terms  of  the  Gruneisen  parameter, 
the  Einstein  temperature,  and  the  atomic  volume.  Ap- 
plied to  metals,  our  relationship  works  well  for  those 
with  s-p-electron  bonding,  but  poorly  for  those  where 
d-electrons  contribute  to  bonding. 
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Using  ultrasonic  methods,  we  studied  the  4-295  K  elas- 
tic constants  of  a  'good'  Y1  Ba2Cu307  polycrystal.  We 
report  the  bulk,  shear,  Young  moduli  and  the  Poisson 
ratio.  Except  for  the  Poisson  ratio,  all  elastic  constants 
show  smooth  temperature  behavior.  Near  T(c)  during 
cooling,  the  Poisson  ratio  decreases  irregularly.  Focus- 
ing on  the  bulk  modulus  B,  we  use  simple  thermo- 
dynamics to  show  that  the  harmonic-observed  decre- 
ment at  T  =  O  corresponds  to  expectation,  but  the  tem- 
perature effect  dB/dt  is  too  large  by  about  a  factor  of 
two.  We  attribute  the  irregular  slope  to  oxygen-atom 
reordering.  Against  many  reports,  our  bulk-modulus 
value  is  approximately  that  found  in  monocrystals  or 
that  predicted  by  an  ionic-crystal  model  calculation. 
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Microwave  transmission  and  reflection  measurements 
are  performed  simultaneously  on  thin  films  (approx 
1,800  A)  of  YBa2Cu30(7-x)  having  their  c  axis  per- 
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pendicular  to  the  LaAI03  substrate.  We  determine 
power  transmission  and  reflection  tractions,  Tau(T,H) 
and  R(T,H),  as  functions  of  temperature  and  static 
magnetic  field  (O  <  H  <  5.4  T),  the  latter  being  applied 
perpendicular  to  the  film.  A  guided-wave  model,  which 
we  develop  for  our  experimental  situation,  is  the  basis 
of  a  computational  algorithm  that  extracts  quantitative 
values  of  the  complex  penetration  depth  (lambda  bar), 
or  alternatively  the  complex  surface  impedance  Z(s), 
from  Tau  and  R  data.  This  inversion  algorithm  is  suc- 
cessful when  applied  to  test  data  generated  from  a 
phenomenological  theory  describing  the  electro- 
dynamic  response  of  a  type-ll  superconductor.  The 
procedure  is  applied  to  Tau(T.H)  and  R(T,H)  measure- 
ments to  infer  the  temperature-  and  field-dependent 
complex  penetration  depth  (lambda  bar)(T,H)  that 
completely  characterizes  the  superconductive  film's 
electromagnetic  response. 

04,644 

PB95-1 68993       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Boulder,  CO.  Electromagnetic  Technology  Div. 

Hot-Electron   Microcalorimeters  for  X-ray  and 

Phonon  Detection. 

Final  rept. 

M.  Nahum,  J.  M.  Martinis,  and  S.  Castles.  1993,  6p. 
Pub.  in  Jnl.  of  Low  Temperature  Physics  93,  n3/4 
P733-738  1 993. 

Keywords:  *X  ray  detectors,  "Superconducting  junc- 
tions, 'Calorimeters,  Electron  temperature,  Electron 
tunneling,  Hot  electrons,  Metal  films,  Dark  matter,  Tun- 
nel junctions,  Microcalorimetry,  Prototypes.  Reprints, 
"Phonon  detectors,  *Microcalorimeters. 

We  propose  a  novel  hot-electron  microcalorimeter  for 
measurements  of  x-rays  or  phonons  produced  by  the 
interaction  of  a  high  energy  particle  with  the  underlying 
substrate.  This  type  of  detector  uses  a  normal  metal 
film  to  absorb  the  incoming  excitation  which  subse- 
quently heats  the  electrons  above  the  lattice  tempera- 
ture. The  temperature  of  the  electrons  is  measured 
from  the  current  -  voltage  characteristics  of  a 
superconductor-insulator-normal  metal  tunnel  junction, 
where  part  of  the  absorber  forms  the  normal  electrode. 
We  present  simple  calculations  of  the  energy  sensitiv- 
ity of  the  junction  and  of  the  ultimate  performance  of 
x-ray  and  phonon  detectors.  We  also  present  prelimi- 
nary measurements  of  prototype  devices  which  were 
used  to  test  the  basic  detector  physics. 
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A  magnetic  force  microscope  tip  designed  from  dual- 
layer  magnetic  films  of  antiferromagnetically  coupled 
magnetic  layers  is  proposed.  A  theoretical  analysis  of 
the  possible  advantages  of  such  a  tip  over  conven- 
tional single-layer  tips  is  given,  using  an  extension  to 
dual  layers  of  a  previously  described  micromagnetic 
model  of  single-layer  tips.  In  contrast  to  single-layer 
tips,  the  magnetic  domains  of  dual-layer  tips  are  less 
sensitive  to  the  fringing  fields  of  the  specimen,  and  the 
tips'  stray  fields  are  greatly  reduced,  thus  minimizing 
the  likelihood  of  erasure  of  the  sample  magnetization. 
These  properties  of  dual-layer  tips  should  lead  to  im- 
proved resolution  of  magnetic  force  microscopy  im- 
ages. 
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Magnetic  and  magnetoresistive  properties  of  sputtered 
Co  alloy  dual-layer  films  are  compared  with 
micromagnetic  simulations.  The  simulations  elucidate 
the  details  of  the  switching  behavior  of  the  dual-layer 
films  as  a  function  of  the  interlayer  exchange  and 
magnetostatic  interactions.  The  simulations  have  led 
to  a  conceptual  understanding  of  the  coercive  field 
splitting  caused  by  the  interlayer  interactions.  A  cal- 
culation of  the  anisotropic  magnetoresistance  (AMR) 
has  been  included  in  the  simulations.  The  AMR  pro- 
vides a  second  independent  macroscopic  quantity  (in 
addition  to  the  average  magnetization)  which  can  be 
measured  and  compared  with  the  micromagnetic  sim- 
ulations. The  AMR  is  more  sensitive  to  the 
micromagnetic  structure  perpendicular  to  the  applied 
field  and  is  a  better  test  of  the  accuracy  of  the 
micromagnetic  model.  The  simulations  qualitatively  de- 
scribe the  measured  AMR  data  on  CoNi-Cr-CoNi  dual 
layers. 
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The  flux-pinning  characteristics  in  both  pure  and  doped 
superconducting  TI2Ba2CaCu208  (referred  to  as  Tl- 
2212)  systems  were  studied  via  DC  magnetic 
hysteresis  as  well  as  flux-penetration  and  flux-expul- 
sion measurements.  Our  results  demonstrate  an  in- 
crease in  both  intrinsic  pinning  and  lock-in  transition 
of  flux  lines  as  a  result  of  increased  density  of  atomic- 
size  structural  defects  via  Mg  doping  in  TI-2212. 
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We  have  measured  interface  transport  in  thin-film 
YBa2Cu30(7-delta)/Ag  interfaces  having  resistivities 
ranging  from  10(exp  -8)  to  10(exp  -3)  ohm  sq  cm.  Anal- 
ysis of  the  interface  l-V  data  indicates  that  tunneling 
is  the  predominant  transport  mechanism  even  for  the 
in  situ  interfaces  having  contact  resistivities  of  1-7  X 
10(exp  -8)  ohm  sq  cm.  Zero-bias  conductance  peaks 
are  also  observed  for  the  entire  range  of  interface  re- 
sistivity. The  similarity  of  the  zero-bias  conductance 
peaks  among  these  widely  varying  interfaces  suggests 
that  the  low-temperature  interface  transport  is  gov- 
erned by  the  same  mechanism  in  each  case.  These 
conductance  peaks  are  analyzed  in  the  framework  of 
the  Appelbaum-Anderson  model  for  tunneling  assisted 
by  magnetic  scattering  from  isolated  magnetic  spins  in 
the  interface. 
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A  one  day  symposium  honoring  Professor  Vitaly  L. 
Ginzburg  and  his  many  contributions  to  the  world  of 
physics  was  held  at  the  National  Institute  of  Standards 
and  Technology.  An  additional  purpose  was  to  explore 
future  directions  for  research  in  the  context  of  his  ex- 
tensive involvement  in  the  rapid  developments  in  phys- 
ics in  the  last  fifty  years.  This  transcription  of  the  pro- 
ceedings includes  invited  talks  on  some  of  those  recent 
developments  in  such  fields  as  superconductivity  and 
astrophysics.  Prof.  Ginzburg's  own  address  'What 
problems  of  physics  and  astrophysics  seem  now  to  be 
especially  important  and  interesting'  was  the  focus  for 
discussion  on  the  future  directions  of  physics  research. 
Titles  of  the  other  papers  given  at  the  symposium  are 
as  follows:  New  Phenomena  in  Proximity  Effect  Tun- 
neling in  High  TC  Superconductors;  Radio  Galaxies, 
Quasars,  and  Superluminal  Radio  Sources;  Exotic 
Properties  of  High  TC  Materials  and  the  Ginzburg  Pa- 
rameter; Gamma  Ray  Astrophysics  and  Early  Results 
of  the  Compton  Observatory;  Some  Puzzles  of  the 
Normal  State  of  High  TC  Oxides;  Galactic  Annihilation 
Radiation. 
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We  have  fabricated  YBa2Cu30(7-delta)-normal  metal- 
YBa2Cu30(7-delta)  step-edge  Josephson  junctions 
that  fit  the  resistively  shunted  junction  model  with  John- 
son-Nyquist  thermal  noise.  The  l-V  curves  are  well  fit 
over  a  large  temperature  range  for  junctions  of  varying 
critical  current  values.  There  is  good  agreement  be- 
tween the  fitted  thermal  noise  temperature  and  the 
measured  ambient  temperature.  This  is  strong  evi- 
dence that  these  junctions  are  not  dominated  by 
superconducting  shorts  longer  than  the 
superconducting  coherence  length. 
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Phase  formation  kinetics  in  Nb/AI  multilayered  thin 
films  having  overall  compositions  of  25,  33,  50,  and  75 
at.  %  Al  have  been  investigated  using  scanning 
calorimetry,  x-ray  diffraction,  and  cross-sectional  trans- 
mission electron  microscopy.  The  first  phase  to  form 
upon  annealing  the  Nb/AI  layered  structure  of  all  sam- 
ples is  the  NbAI3  intermetallic.  Calorimetry  clearly 
identifies  the  NbAI3  formation  to  be  a  two-stage  proc- 
ess. The  first  stage  is  the  formation  of  a  planar  layer 
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by  nucleation  and  growth  to  coalescence  while  the  sec- 
ond stage  is  the  thickening  of  the  planar  layer.  The  next 
phase  observed  in  samples  of  25  and  33  at.  %  Al  is 
the  A15  superconducting  phase,  Nb3AI.  The  Nb3AI 
growth  completes  a  first  reaction  stage  similar  to  the 
NbAI3,  but  the  subsequent  thickening  reaction  stage 
is  not  observed  without  simultaneous  Nb2AI  growth. 
The  high  interface  velocities  derived  from  the 
calorimetry  for  formation  of  both  NbAI3  and  the  A15 
Nb3AI  indicate  that  atomic  transport  must  be  by  grain 
boundary  diffusion. 
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A  deformable  superconductor  model  for  the  vortex 
mass  per  unit  length  mu(sub  d)  in  a  type-ll 
superconductor  is  discussed.  A  new  identity  for  the  in- 
ertial  vortex  mass  in  this  model  is  presented  which 
holds  for  an  arbitrary  quasiparticle  fraction  when  the 
ionic  displacement  is  irrotational.  This  result  is  used  to 
show  unphysical  behavior  in  the  temperature  depend- 
ence of  the  ionic-strain-field  vortex  mass  and  is  key  in 
resolving  this  difficulty.  A  possibility  for  the  experi- 
mental observation  of  the  strain  field  mechanism  is  dis- 
cussed. 
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Outstanding  difficulties  in  a  deformable  type-ll 
superconductor  model  for  the  fluxon  inertial  mass  per 
unit  length  mu(sub  d)  are  resolved.  An  identity  for  the 
inertial  mass,  valid  for  an  arbitrary  quasiparticle  frac- 
tion when  the  ionic  displacement  field  is  irrotational, 
plays  a  critical  role  in  the  analysis.  This  approach 
avoids  previously  employed  approximations,  leading  to 
qualitatively  different  results,  including  a  fluxon  mass 
which  properly  vanishes  at  the  transition  temperature 
and  which  has  a  greatly  reduced  magnitude.  A  frame- 
work for  the  solution  of  the  elasticity  equation  for  an 
isotropic  superconductor  is  presented  and  the  close  re- 
lation between  mu(sub  d)  and  the  ionic  strain  field  is 
shown. 
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We  report  a  significant  increase  in  the  pinning  energy 
of  vortices  in  single-crystal  Bi2Sr2CaCu208  when  irra- 
diated with  heavy  ions  such  as  Ar(1+).  This  is  in  con- 
trast with  the  results  of  light  ion  (H(1+),  He(1+))  irradia- 
tions which  give  pinning  energies  comparable  with 


those  of  unirradiated  crystals.  The  stronger  pinning  is 
attributed  to  defects  larger  than  point  defects,  e.g., 
clusters  or  amorphized  regions.  As  a  result  of  higher 
pinning  energies,  critical  currents  persist  at  markedly 
higher  temperatures  and  fields. 
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The  interface  between  ZnSe  thin  films  and  GaAs  sub- 
strates is  characterized  by  High  Resolution  Trans- 
mission Electron  Microscopy  and  room  temperature 
Spectroscopic  Ellipsometry.  The  films  were  grown  on 
(001)  GaAs  by  Molecular  Beam  Epitaxy.  A  three-phase 
model  is  used  in  the  reduction  of  the  ellipsome trie  data, 
from  which  the  presence  of  a  transition  layer  of 
Ga2Se3,  with  a  thickness  of  less  than  1  nm,  is  con- 
firmed. These  results  corroborate  the  high  resolution 
transmission  electron  microscopy  images  obtained 
from  the  same  samples. 
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Spectroscopic  ellipsometry  was  used  to  determine  the 
real  and  imaginary  parts  of  the  dielectric  function  of 
ZnSe  thin  films  grown  on  (001)  GaAs  substrates  by 
molecular-beam  epitaxy,  for  energies  between  1 .5  and 
5.0  eV.  A  sum  of  harmonic  oscillators  is  used  to  fit  the 
dielectric  function  in  order  to  determine  the  values  of 
the  threshold  energies  at  the  critical  points.  The  fun- 
damental energy  gap  was  determined  to  be  at  2.68  eV. 
The  E(0)  +  DeTta(0)  and  E(1)  points  were  found  to  be 
equal  to  3.126  and  4.75  eV,  respectively.  Below  the 
fundamental  absorption  edge,  a  Sellmeir-type  function 
was  used  to  represent  the  refractive  index.  At  the  criti- 
cal points,  E(0)  and  E(0)  +  Delta(O),  the  fitting  was  im- 
proved by  using  an  explicit  function  combining  the  con- 
tributions of  these  two  points  to  the  dielectric  function. 
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Half-integral  constant  voltage  steps  were  observed  in 
many  high-T(c)  grain-boundary  Josephson  junctions  of 
YBa2Cu30(7-delta)  when  a  microwave  field  was  ap- 


plied. Five  distinct  observed  behaviors  of  the  widths  of 
both  integral  and  half-integral  steps  as  a  function  of 
microwave  amplitude,  Delta  l(dc)(l(ac)),  are  repro- 
duced by  simulations  of  two  or  three  junctions  in  par- 
allel. This  provides  quantitative  evidence  that  a  single 
high-T(c)  grain-boundary  junction  is  composed  of  sev- 
eral junctions  in  parallel.  These  junctions  are  formed 
by  the  overlap  of  superconducting  filaments  on  either 
side  of  the  grain  boundary,  and  the  spacing  between 
ones  with  relatively  large  critical  currents  is  approxi- 
mately 20  micrometers. 
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We  have  measured  the  cotunneling  current  below  the 
Coulomb  blockade  threshold  in  a  circuit  of  two  ultra- 
small  metallic  tunnel  junctions.  The  thermal  enhance- 
ment of  cotunneling,  as  well  as  the  island-charge  de- 
pendence, is  in  excellent  agreement  with  theory.  Cir- 
cuit parameters  were  measured  enabling  theoretical 
and  experimental  values  for  the  cotunneling  current  to 
be  compared  without  adjustable  parameters.  This 
comparison  yielded  agreement  within  the  15%  uncer- 
tainty to  the  experiment.  Data  showing  the  cotunneling 
current  near  the  threshold  voltage  are  also  presented. 
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Obtaining  repeatable  critical  current  measurements  for 
a  high  temperature  superconductor  (HTS)  is  a  chal- 
lenging task,  as  HTSs  are  highly  susceptible  to  deg- 
radation due  to  mechanical  stress,  moisture,  thermal 
cycling  and  aging.  This  paper  discusses  the  develop- 
ment of  a  high  temperature  superconducting  standard 
reference  device  (SRD)  to  address  these  measure- 
ment concerns,  and  gives  preliminary  data  on  its  char- 
acteristics. An  SRD  is  an  HTS  specimen  that  has  had 
its  critical  current  /(c)  non-destructively  evaluated.  Be- 
cause HTSs  are  sensitive  to  mechanical  alterations, 
minor  changes  in  sample  preparation  or  mounting  pro- 
cedure could  yield  large  changes  in  the  measured  criti- 
cal current.  Preliminary  data  on  SRDs  made  using  Bi- 
based  oxide  tapes  (221 2)  with  an  Ag  substrate  are  pre- 
sented. Differences  between  two  consecutive  meas- 
urements of  /(c)  can  typically  change  by  40%;  these 
deviations  have  been  reduced  to  about  4%. 
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Experimental  aspects  of  flux  expulsion  in  Nb3Sn  and 
YBa2Cu307  type-ll  superconductors  are  presented. 
There  is  a  clear  distinction  in  magnetization  between 
field-cooled  measured-upon-cooling  (FCC)  and  field- 
cooled  measured-upon-warming  (FCW)  results.  This 
thermal  hysteresis,  predicted  in  the  temperature-de- 
pendent critical-state  model  at  low  fields  by  Clem  and 
Hao,  was  observed  for  measuring  fields  up  to  about 
0.5  T.  The  model  explains  the  observation  of  increases 
in  diamagnetism  after  field  cooling  and  thermal  cycling. 
The  thermal  hysteresis,  together  with  weak  links,  ac- 
counts for  the  occurrence  of  a  negative  peak  in  FCW 
magnetization.  The  FCC-FCW  bifurcation  observed  for 
a  0.1  mT  field  down  to  5  K  might  imply  that  flux  lines 
are  not  completely  frozen  below  the  temperature  at 
which  the  lower  critical  field  is  equal  to  the  measuring 
field,  but  are  expelled  from  the  sample  even  in  the 
Meissner  state. 
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Magnetotransport  techniques  are  widely  used  to  char- 
acterize the  electrical  properties  of  HgCdTe.  The  Hall- 
effect  method  is  the  most  common  method  of  deter- 
mining the  carrier  density  and  mobility  of  semiconduc- 
tor materials.  Multicarrier  characterization  techniques 
are  needed  for  determination  of  carrier  densities  and 
mobilities  in  a  multicarrier  system  present  in  layered- 
structures  or  in  a  variety  of  complex  semiconductor 
materials.  Because  of  the  importance  of  these  meth- 
ods for  proper  electrical  characterization  of  complex 
HgCdTe  single  crystals  or  layered-structures,  we  dis- 
cuss this  topic  pedagogically  with  the  primary  objective 
of  promulgation  of  this  emerging  tool  to  the  HgCdTe 
characterization  community.  We  also  discuss 
magnetoresistance  and  magnetoresistance-based 
techniques  such  as  the  Shubnikov-de  Haas  effect  and 
magnetophonon  effect,  which  have  been  used  to  char- 
acterize HgCdTe  materials.  These  techniques  are  ca- 
pable of  providing  very  accurate  data  if  applied  with 
care  and  proper  analysis. 
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We  calculate  how  noise  generated  by  a  finite  environ- 
mental impedance  limits  the  ultimate  performance  of 
Coulomb-blockade  devices  and  possible  current  or 
charge  standards.  We  have  expressed  the  environ- 
mental theory  of  the  Coulomb  blockade  in  terms  of  the 
spectral  density  of  the  voltage  noise  arising  from  the 
environment,  and  have  calculated  the  resulting  single- 
junction  tunneling,  and  two-junction  cotunneling  rates. 
These  rates  are  used  to  predict  the  tunneling  rate  of 
electrons  through  a  five-junction  pump  and  may  ex- 
plain the  anomalously  large  rates  that  are  observed  ex- 
perimentally. 
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We  have  measured  the  electron  leakage  rate  through 
a  5  junction  electron  pump.  Our  observed  rate  of  about 
0.3  e/s  is  several  orders  of  magnitude  larger  than  pre- 
dicted by  thermal  activation  or  cotunneling  rates.  Our 
results  may  be  explained  by  the  environmental  theory 
of  the  Coulomb  blockade  where  noise  from  the  envi- 
ronment causes  photon  assisted  tunneling. 
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Numerical  micromagnetics  is  a  flexible  and  powerful 
means  of  designing  and  characterizing  magnetic  de- 
vices. This  paper  presents  an  overview  of  numerical 
methods  of  solution  of  micromagnetics  problems.  The 
modeling  of  exchange,  anisotropy  and  magnetostatic 
interaction  fields  in  magnetic  films,  and  micromagnetic 
modeling  of  magnetic  force  microscopy  are  discussed. 
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Using  a  new  form  of  magnetic  force  microscope  (dc 
MFM),  magnetic  force  images  of  a  thin-film  recording 
head  have  been  made.  Using  dc  MFM,  atomic  force 
microscope  images  are  presented  of  the  surface  to- 
pography and  magnetic  forces  taken  simultaneously, 
allowing  direct  correlation  of  magnetic  fields  to  the  pole 
pieces.  Magnetic  force  images  of  the  head  at  typical 
head-to-disk  spacings  are  presented.  The  tips  used  for 
these  images  had  two  different  magnetic  coatings. 
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We  have  fabricated  step  edge  superconductor-normal 
metal-superconductor  microbridges  using 
YBa2Cu30(7-x)  (YBCO)  and  noble  metals  with  critical 
current-normal  resistance  (l(c)R(N))  products  as  high 
as  10  mV  and  normal  resistances  up  to  38  ohms.  Our 
fabrication  process  achieves  high  values  of  the 
l(c)R(N)  product  by  exploiting  the  anisotropy  in  the 
properties  of  epitaxial  YBCO  films,  allowing  contact 
only  between  normal  metal  and  superconductor 
through  the  crystalline  axes  which  support  the  largest 
Josephson  coupling.  This  results  in  a  dramatic  in- 
crease in  the  normal  resistance  of  a  junction  without 
decreasing  its  critical  current.  We  discuss  the  role  of 
the  superconductor-normal  metal  boundary  resistance 


on  the  junction  electrical  properties.  We  have  coupled 
submillimeter  wave  rf  currents  quasioptically  into  junc- 
tions integrated  at  the  feeds  of  noble  metal  planar  log 
periodic  antennas  and  have  induced  up  to  7  Shapiro 
steps  in  the  current-voltage  characteristics  with  a  760 
GHz  beam  from  a  far  infrared  laser. 
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The  surface  degradation  of  c-axis  oriented 
YBa2Cu30(7-delta)  thin  films  due  to  air,  C02,  N2,  02, 
and  vacuum  exposure  has  been  studied  with  reflection 
high-energy  electron  diffraction  (RHEED),  scanning 
tunneling  microscopy,  and  contact  resistivity  measure- 
ments. The  formation  of  an  amorphous  surface  reac- 
tion layer  upon  exposure  to  air  and  C02  is  monitored 
with  RHEED  and  correlated  with  an  increase  in  contact 
resistivity.  The  contact  resistivity  of  samples  exposed 
to  air  increases  with  time.  Surfaces  exposed  to  C02 
show  a  similar  degradation  while  surfaces  exposed  to 
N2  showed  a  slightly  different  degradation  mechanism. 
Vacuum  exposed  surfaces  show  little  increase  in  con- 
tact resistivity,  indicating  no  long-term  surface  oxygen 
loss. 
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We  will  review  recent  progress  in  our  understanding 
of  classical  transport  in  porous  media.  Theoretical  con- 
cepts will  be  illustrated  with  two  distinct  kinds  of  cal- 
culations. The  first  involve  the  grain  consolidation 
model  and  are  based  on  a  particular  multisize  packing 
of  spherical  grains.  The  computational  methods  devel- 
oped here  are  sufficiently  accurate  that  we  propose  to 
combine  them  with  direct  measurements  of  the  pore 
and  grain  geometry  based  on  X-ray  microtomography. 
Our  preliminary  results  indicate  that  this  approach  may 
well  play  an  important  part  in  future  studies  of  transport 
in  porous  media. 
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We  present  magnetic  force  microscopy  images  of 
YGdTmGa/YSmTmGa  magnetic  garnet,  using  a  thin 
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magnetic  film  deposited  on  Si3N5  atomic  force  micros- 
copy tips.  We  have  found  correlations  between  the  to- 
pography and  the  magnetic  domain  structure.  We 
show  that  by  using  either  magnetized  Fe-Ni  bilayer  tips 
versus  unmagnetized  single  layer  Fe  tips  that  the 
image  contrast  shows  domains  versus  domain  walls, 
respectively. 
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We  have  measured  the  noise  of  a  Coulomb  blockade 
electrometer.  Below  100  Hz,  the  noise  referred  to  the 
input  charge  has  a  1/f  power  spectrum  with  a  charge 
noise  of  3  X  10(exp  -4)  e/Hz(sup  1/2)  and  an  energy 
sensitivity  E(N)  of  3  X  10(exp  4)(Planck's  constant)  at 
10  Hz.  The  1/f  noise  probably  results  from  the 
stochastic  occupation  of  charge  traps  which  could  in 
principle  be  eliminated.  The  theoretical  noise  floor  is 
set  by  shot  noise,  and  indirect  measurements  show 
that  this  contribution  to  E(N)  can  be  as  small  as  1.5 
(Planck's  constant),  suggesting  that  the  electrometer 
will  be  a  quantum  limited  amplifier  if  the  1/f  noise  can 
be  eliminated. 
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We  report  the  first  observation  of  voltage  gain  in  the 
capacitively  coupled  single-electron  transistor  (SET). 
Using  parallel-plate  and  interdigital  geometries  for  the 
gate  capacitor  (C(g)  =  1.2  and  0.4  fF)  and  ultrasmall 
tunnel  junctions  with  capacitances  near  0.2  fF,  we  find 
maximum  voltage  gains  of  2.8  and  1.5,  respectively. 
The  leakage  resistance  of  the  gate  is  of  the  order 
10(exp  12)  ohms  for  the  parallel-plate  capacitor  and 
greater  than  1 0(exp  1 8)  ohms  for  the  interdigital  capac- 
itor. 
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In  situ  coevaporated  YBa2Cu30(7-delta)  thin  films 
have  a  slightly  depressed  transition  temperature  T(c), 
though  they  have  excellent  radio-frequency  surface  re- 
sistance characteristics.  These  films  consistently  have 
less  orthorhombic  strain  than  laser  ablated  or  post-an- 
nealed films.  Low  temperature  (320-420  C)  post-an- 
nealing of  in  situ  coevaporated  films  in  100  kPa  of  02 
raised  T(c)  to  values  as  high  as  91.5  K  with  some  in- 
crease in  the  orthorhombic  strain.  All  measured  thin 


films  show  less  variation  of  T(c)  with  orthorhombic 
strain  than  does  bulk  material. 


04,673 

PB95-180170       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Boulder,  CO.  Electromagnetic  Technology  Div. 
Crossover  in  the  Pinning  Mechanism  of  Aniso- 
tropic Fluxon  Cores. 
Final  rept. 

L.  D.  Cooley,  A.  Gurevich,  and  D.  C.  Larbalestier. 
1994,  4p. 

Sponsored  by  Department  of  Energy,  Washington,  DC. 
Pub.  in  Proceedings  of  International  Workshop  on  Criti- 
cal Currents  in  Superconductors  (7th),  Alpbach,  Aus- 
tria, January  24-27,  1 994,  p573-576. 

Keywords:  "Flux  pinning,  "Superconductors,  Joseph- 
son  effect,  Crystal  defects,  Anisotropy,  Reprints, 
Fluxons. 

We  propose  that  thin  planar  defects  have  a  strong 
magnetic  flux-pinning  force.  Magnetic  pinning  results 
from  the  anisotropic  nature  of  a  fluxon  when  the  core 
is  situated  in  the  plane  of  the  defect,  and  is  a  con- 
sequence of  nonlocal  Josephson  electrodynamics. 
Since  the  magnetic  pinning  force  approaches  the  maxi- 
mum core-pinning  force,  a  crossover  from  core  pinning 
to  magnetic  pinning  is  predicted  when  the  proximity 
coupling  becomes  strong.  This  model  is  supported  by 
flux-pinning  measurements  of  an  artificial  pinning  cen- 
ter superconductor. 
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Giant  magnetoresistance  (GMR)  was  measured  as  a 
function  of  device  size  for  patterned  NiCoFe/Cu  and 
NiFe/Ag  films.  For  the  quasi-granular  NiCoFe/Cu  films, 
the  normalized  maximum  change  in  resistivity 
(Delta)rho/rho  was  8%  for  most  of  the  samples.  For  the 
NiFe/Ag  films,  antiparallel  alignment  was  achieved 
through  magnetostatic  coupling,  not  exchange  fields, 
with  a  (Delta)rho/rho  of  4.5%.  The  films  were  patterned 
into  stripes  with  Au  current  leads  for  size-effect  meas- 
urements. The  height  of  the  stripes  varied  from  0.5  to 
16  micrometers  and  the  track  width  varied  from  1  to 
16  micrometers.  Discrete  switching  events  and  anoma- 
lous low-field  dips  in  the  response  were  observed  for 
both  materials  for  small  device  sizes. 
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We  report  measurements  of  the  magneto-optic  re- 
sponse function  and  frequency  response  for  three  bulk 
iron  garnet  crystals  grown  by  a  flux  technique.  The 
samples  were  the  product  of  an  intensive  effort  to  de- 
velop iron  garnet  compositions  with  properties  specifi- 
cally optimized  for  magnetic  field  sensing.  Sensitivity 
enhancement  was  achieved  through  both  bismuth  sub- 
stitution (for  increasing  the  saturation  Faraday  rotation) 
and  gallium  substitution  (for  reducing  the  saturation 
magnetization).  Frequency  response  measurements 
indicate  that  bismuth  substitution  actually  improves 
performance  (compared  to  unsubstituted  yttrium  iron 
garnet)  in  contrast  with  gallium,  which  causes  substan- 
tial degradation. 
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The  technique  of  X-ray  photoelectron  and  Auger  elec- 
tron forward  scattering  has  developed  in  the  past  few 
years  into  one  of  the  most  valuable  structural 
diagnostics  for  investigating  the  early  stages  of 
epitaxial  thin-film  growth.  A  review  is  given  here  of  this 
technique  with  special  emphasis  on  its  application  to 
epitaxial  films  of  interest  to  the  thin-film  magnetism 
community.  The  aim  of  this  review  is  to  provide  an  eas- 
ily readable,  self-contained  account  directed  primarily 
at  experimentalists,  with  the  hope  of  making  forward 
scattering  accessible  to  new  or  occasional  users. 
Some  familiarity  with  XPS  and  Auger  spectroscopy  is 
assumed,  as  is  an  elementary  knowledge  of  quantum 
mechanics. 
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We  measured  the  temperature  dependence  of  the 
magnetic  susceptibility  of  Pr(2-x)Ce(x)Cu04 
monocrystals  and  polycrystals  in  the  composition 
range  x  =  0-0.18.  For  all  compositions,  the  suscepti- 
bility curves  reveal  strong  crystal-field  effects  and  are 
evaluated  in  terms  of  Van  Vleck's  equation  for  mag- 
netic susceptibility.  At  temperatures  above  100  K,  the 
behavior  could  be  described  by  a  Curie-Weiss-like 
equation,  the  parameters  of  which  allow  us  to  charac- 
terize the  crystal-field  interactions.  The  concentration 
dependence  of  these  parameters  is  much  stronger  in 
the  monocrystals,  with  the  apparent  magnetic  moment 
going  through  a  sharp  maximum  near  x  =  0.1 ,  the  com- 
position of  the  onset  of  superconductivity  after  a  reduc- 
ing anneal.  The  concentration  dependence  of  the  mag- 
netic moment  can  be  qualitatively  interpreted  as  a  con- 
tribution of  charge-carrying  spins  in  localized  states, 
mainly  through  initiating  Cu(2+)-Pr(3+)  interactions. 
With  increasing  Ce,  these  additional  spins  can  not  re- 
main localized,  thus  the  magnetic  moment  decreases, 
and  a  reducing  anneal  results  in  superconductivity. 
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The  crystal  structure  of  CuGe03,  which  has  been  re- 
ported to  undergo  a  spin-Peierls  transition  at  14  K,  is 
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determined  by  neutron  powder  diffraction  at  300,  20 
and  4.2  K  and  the  structure  refined  in  the  space  group 
Pmma  at  all  three  temperatures,  ie  without  displace- 
ment of  the  Cu  atoms  from  a  uniform  one-dimensional 
chain;  anisotropic  broadening  of  (hOI)  reflections,  ob- 
served in  all  three  data  sets,  is  successfully  modeled 
by  an  orthorhombic  micro-strain  along  a  and  c,  i.e.  per- 
pendicular to  Cu-Cu  chains.  Below  10  K  the  magnetic 
susceptibility  fits  very  well  to  the  Bulaevskii  model,  indi- 
cating a  ratio  of  0.69  between  the  Cu-Cu  exchange 
constants  in  the  dimerised  chain  and  a  mean  exchange 
constant  of  88  K. 
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The  nature  of  the  holmium  order  in  the  reentrant 
superconductor  (T(c)  =  7.5  K)  HoNi2B2C  is  revealed 
by  neutron  scattering.  Upon  cooling,  a  transversely  po- 
larized oscillatory  magnetic  state  is  formed  (T(M) 
approx  =  8  K),  characterized  by  a  wave  vector 
(0,0, Q(c))  where  Q(c)  approx  =  0.05/A  is  only  weakly 
dependent  on  temperature  and  field.  At  the  reentrant 
superconducting  transition  (about  5  K),  the  amplitude 
of  the  oscillatory  state  abruptly  decreases  in  favor  of 
a  commensurate  antiferromagnet,  whereby 
superconductivity  is  restored  and  coexists  with 
antiferromagnetism  at  low  temperatures. 

04,680 

PB95-1 80345       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (CAML), 
Gaithersburg,  MD.  Applied  and  Computational  Mathe- 
matics Div. 

Analytical  Expressions  for  Barkhausen  Jump  Size 
Distributions. 

Final  rept. 

F.  Y.  Hunt,  and  R.  D.  McMichael.  1994,  3p. 

Pub.  in  Institute  of  Electrical  and  Electronics  Engineers 

Transactions  on  Magnetics  30,  n6  p4356-4358  Nov  94. 

Keywords:  *Barkhausen  effect,  Langevin  equation, 
Markov  chains,  Random  walk,  Bessel  functions,  Re- 
prints. 

In  previous  calculations  of  Barkhausen  jump  size  dis- 
tributions, the  Langevin  equation  was  used  to  describe 
the  pinning  field  h(c).  In  this  paper,  h(c)  is  modeled  by 
discretized  random  walks  which  are  used  to  obtain  an- 
alytical expressions  for  the  Barkhausen  jump  size  dis- 
tribution, P(tau).  For  a  bounded  random  walk  which  re- 
duces to  the  Langevin  function  in  the  continuum  limit, 
P(tau)  is  a  sum  of  exponentials  which  is  compared  to 
functions  of  the  form  P(tau)  =  tau(sup  -alpha)exp(-tau/ 
tau(0)).  The  scaling  exponent  changes  from  alpha 
approx  =  1 .5  for  small  jumps  to  alpha  approx  =  1 .0  for 
jumps  larger  than  the  correlation  length.  For  an 
unbounded  random  walk  with  exponentially  distributed 
distances  between  steps  in  h(c),  P(tau)  is  shown  to  be 
proportional  to  a  modified  Bessel  function  which,  for 
long  jumps,  is  asymptotically  a  pure  power  law,  tau(exp 
-3/2).  This  suggests  that  the  scaling  exponent  shift  and 
the  exponential  cutoff  are  caused  by  correlations  in 
h(c). 
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The  principle  of  minimum  available  noise  energy  is 
used  to  calculate  the  quasipotential  over  the  state 
space  of  a  nonhysteretic  Josephson  junction  driven  by 
a  rf  bias.  This  potential  surface  provides  an  intuitive 
picture  of  the  dynamics  of  phase  lock  and  defines  a 
stability  parameter,  the  activation  energy  for  thermally 
induced  phase  slippage,  which  determines  the  opti- 
mum operating  conditions  for  a  proposed  program- 
mable voltage  standard. 
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We  determine  contiguous  Shapiro  steps  of  orders  0 
and  1  having  amplitudes  of  1  mA  in  a  YBa2Cu30(7- 
delta)  step-edge  junction  operated  at  38  K.  A  wide- 
junction  model  that  includes  self-field  effects  explains 
why  the  observed  step  amplitudes  are  smaller  than  ex- 
pected from  the  resistively  shunted  point-junction 
model.  In  spite  of  their  reduced  amplitudes,  the  ob- 
served steps  are  suitable  for  use  in  a  proposed  rapidly 
programmable  Josephson  voltage  standard. 
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The  author  extends  the  T(c)-Theta(D)  relationship  es- 
tablished by  Ledbetter  and  coworkers  for  La-O  and  Y- 
O,  and  by  Dominec  for  Bi-O,  to  include  TI-0  and  Hg- 
O  compounds.  In  BCS-McMillan  materials,  Theta(D) 
occurs  both  in  the  pre-exponential  factor  in  the  expres- 
sion T(c)  approx  =  Theta(D)  exp  (-1 /lambda)  and  in  Mc- 
Millan's expression  for  the  electron-phonon  parameter 
lambda  =  C/M  <  omega  squared  >  ,  where  <  omega 
>  approx  Theta(D).  In  BCS  materials,  T(c)  increases 
with  decreasing  Theta(D),  that  is  with  lattice  softening. 
In  all  five  cuprate  superconductors  listed  above,  the 
opposite  occurs:  T(c)  increases  with  lattice  stiffening. 
From  these  results,  the  author  draws  two  principal  con- 
clusions. First,  T(c)  depends  on  phonons  because  it 
depends  on  Theta(D),  the  quintessential  phonon  pa- 
rameter. Second,  the  T(c)-Theta(D)  relationship  for 
high-T(c)  oxide  superconductors  differs  dramatically 
from  that  for  conventional  BCS  materials. 
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An  alternative  approach  to  measuring  the  complete  an- 
isotropic   elastic    constants    C(ij)(S(ij))    of  an 


orthorhombic-symmetry  material  is  proposed.  This  ap- 
proach requires  measurements  along  only  principal  di- 
rections: 100.  In  this  approach,  a  pulse-echo  (mega- 
hertz-frequency) method  was  used  to  measure  C(11), 
C(22),  C(33),  C(44),  C(55),  and  C(66).  A  resonance 
(kilohertz-frequency)  method  was  used  to  measure 
three  elastic  compliances:  S(11),  S(22),  and  S(33). 
Combining  the  C(ii)  with  the  S(ii),  the  complete  sets 
of  C(ij)  and  S(ij)  were  obtained.  This  approach  avoids 
the  troublesome,  error-prone  determination  of  off-diag- 
onal C(ij)  (S(ij))  by  the  usual  measurements  along 
nonprincipal  directions.  The  approach  was  applied  to 
a  boron-aluminum  composite  where  the  off-diagonal 
terms  remain  uncertain.  In  principle,  the  approach  ap- 
plies to  any  orthorhombic-symmetry  material. 


04,685 

PB95-180659       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (PL), 

Gaithersburg,  MD.  Electron  and  Optical  Physics  Div. 

Laser  Focused  Atomic  Deposition. 

Final  rept. 

J.  J.  McClelland,  R.  E.  Scholten,  R.  Gupta,  and  R.  J. 
Celotta.  1994,  4p. 

Pub.  in  Proceedings  of  Society  of  Photo-Optical  Instru- 
mentation Engineers:  Laser  Techniques  for  Surface 
Science,  Los  Angeles,  CA.,  January  27-29,  1994, 
v2125p324-327. 

Keywords:  'Photon-atom  interactions,  Vapor  deposi- 
tion, Standing  waves,  Surface  layers,  Laser  beams,  Li- 
thography, Arrays,  Reprints,  'Laser  focusing, 
'Nanostructures,  Chromium  atoms,  Silicon  substrates, 
Atom  optics,  Microfabrication. 

We  have  demonstrated  the  use  of  a  standing-wave 
laser  beam  to  focus  chromium  atoms  as  they  deposit 
onto  a  silicon  surface.  A  permanent  array  of  Cr  lines 
has  been  fabricated,  with  line  width  65  nm,  spacing 
213  nm,  and  height  34  nm.  The  array  covers  an  area 
of  0.4  mm  x  1  mm,  and  was  deposited  in  approximately 
10  minutes.  The  lines  made  in  this  way  constitute  a 
proof-of-principle  of  an  entirely  new  approach  to 
nanostructure  fabrication,  with  potential  for  extremely 
small  feature  size  coupled  with  massive  parallelism. 
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UCu3AI2  crystallizes  in  an  ordered  variant  of  the  hex- 
agonal CaCu5  structure.  By  neutron  powder-diffrac- 
tion, the  U  atoms  were  found  to  occupy  the  la  sites, 
while  the  2c  sites  are  occupied  by  Cu  atoms  only  and 
a  random  occupation  of  the  3g  sites  by  the  remaining 
Cu  and  Al  is  found.  The  magnetic  susceptibility,  meas- 
ured on  a  single  crystal  grown  by  the  Czochralski  tri- 
arc  technique,  is  found  to  be  maximal  within  the  hex- 
agonal basal  plane  with  a  maximum  at  about  10  K.  For 
fields  applied  within  the  basal  plane,  the  magnetization 
at  4.2  K  exhibits  a  slight  S-shape  starting  slightly  below 
15  T.  No  such  anomalies  are  found  for  fields  applied 
along  the  c-axis  where  the  magnetic  response  is  found 
to  be  much  lower.  No  additional  magnetic  peaks,  which 
could  be  related  with  long-range  antiferromagnetic  or- 
dering, were  detected  in  the  neutron  powder-patterns 
at  low  temperatures. 
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Epitaxial  growth  of  the  ordered  vacancy  compound 
(OVC)  Culn3Se5  has  been  achieved  on  GaAs  (100) 
by  molecular  beam  expitaxy  (MBE)  from  Cu2Se  and 
ln2Se3  sources.  Electron  probe  microanalysis  and  X- 
ray  diffraction  have  confirmed  the  composition  for  the 
1-3-5  OVC  phase  and  that  the  film  is  single  crystal 
Culn3Se5  (100).  Transmission  electron  microscopy 
(TEM)  characterization  of  the  material  also  showed  it 
to  be  single  crystalline.  Structural  defects  in  the  layer 
consisted  mainly  of  stacking  faults. 
Photoluminescence  (PL)  measurements  performed  at 
7.5  K  indicate  that  the  bandgap  is  1.28  eV.  Raman 
spectra  reveal  a  strong  polarized  peak  at  152/cm, 
which  is  believed  to  arise  from  the  totally  symmetric 
vibration  of  the  Se  atoms  in  the  lattice.  Atomic  force 
microscopy  reveals  faceting  in  a  preferred  (100)  ori- 
entation. 
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We  report  preliminary  results  of  the  high  resolution  in- 
elastic neutron  scattering  measurements  of  the  42.5 
meV  optical  phonon  branch  in  YBCO,  whose  behavior 
at  momentum  transfer  q=0  has  been  extensively  stud- 
ied by  Raman  scattering.  The  experiment  was  done  on 
a  large  (75g)  single  crystal  of  YBa2Cu30(7-x)  (T(c) 
approx  =  90K)  with  the  resolution  of  2  meV  (full  width 
at  half  maximum).  In  cooling  from  100K  to  50K,  we  ob- 
serve a  small  softening  of  the  phonon  energy  at 
q=0.25, 0.25, 0,  but  no  significant  linewidth  change. 
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Using  scanning  tunneling  microscopy  (STM),  we  stud- 
ied 1T-TaS2  in  all  four  of  its  charge-density-wave 
(CDW)  supporting  phases  over  the  temperature  range 
360-143  K.  Special  attention  was  given  to  the  search 
for  discommensurate  structures  and  the  distinguishing 
of  true  CDW  discommensurations  and  domains  from 
apparent  discommensurations  and  domains  formed  by 
interference  between  the  CDW  and  the  atomic  lattice. 
In  the  lowest-temperature  commensurate  (C)  phase, 
we  find  that  the  CDW  is  in  the  commensurate  configu- 
ration as  expected.  In  the  nearly  commensurate  (NC) 
phase,  the  CDW  is  in  a  true  domain  structure  as  evi- 
denced by  satellite  spots  in  the  Fourier  transforms  of 
the  STM  images.  In  the  triclinic  (T)  phase,  the  STM 
data  indicate  that  the  CDW  is  in  a  striped  domain 
phase,  which  is  significantly  different  from  the  domain 
model  previously  proposed.  Finally,  in  the  high-tem- 
perature incommensurate  (I)  phase,  we  find  unex- 
pected satellite  spots  in  the  STM  Fourier  transforms, 
suggesting  that  a  CDW  modulation  is  also  present  in 
this  phase. 
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In  situ  YBa2Cu30(7-x)  (YBCO)  films  have  been  fab- 
ricated on  SrTi03  (001)  and  LaAI03  (001)  substrates 
by  on-axis  biased-radio-frequency  magnetron  sputter- 
ing in  Ar-10%  02  at  total  pressures  as  low  as  3  Pa 
(0.03  mbar)  and  a  deposition  rate  210  nm/h.  Negative 
oxygen  ion-resputtering  has  been  considerably  re- 
duced by  introducing  a  biased  copper  mask  between 
the  substrate  and  target.  The  surface  morphology  and 
physical  properties  of  the  films  are  greatly  improved  on 
applying  a  positive  dc  substrate  bias  with  respect  to 
grounded  deposition  chamber.  We  have  obtained 
superconducting  YBCO  films  with  transport  critical  cur- 
rent as  high  as  10(exp  6)  A/sq  cm  at  77  K  and  low 
normal-state  resistivity  by  this  approach.  However, 
films  deposited  by  negative  dc  bias  under  identical 
sputtering  conditions  are  insulating.  We  identify  the  in- 
sulating films  to  be  c-axis  oriented  Y4Ba309  (YBO) 
films.  Furthermore,  YBCO  films  could  be  grown  on  the 
YBO  layers  without  any  degradation  of  T(sub  C)  and 
c-axis  orientation.  This  novel  bias  sputtering  feature 
gives  us  a  unique  opportunity  to  produce 
superconductor/insulator,  YBCO/YBO,  multilayers 
from  a  single  YBCO  target. 
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Epitaxial  growth  of  lll-V  semiconductor  materials  is 
probed  in  a  molecular  beam  epitaxy  reactor  by  single 
photon  ionization  of  the  gaseous  fluxes  using  vacuum 
ultraviolet  (VUV)  laser  radiation.  The  ninth  harmonic  of 
the  Nd:YAG  laser  is  produced  by  frequency  tripling  the 
output  to  355  nm  and  then  to  118  nm  in  a  Xe/Ar  mix- 
ture. Together  with  a  time-of-flight  mass  spectrometer, 
this  radiation  is  used  to  selectively  probe  the  gaseous 
fluxes  of  Ga,  As,  As2,  and  As4  during  molecular  beam 
epitaxy  of  lll-V  materials.  The  essential  aspects  of  the 
method  and  details  of  calibration  procedures  to  obtain 
relative  fluxes  are  described.  Recent  work  to  correlate 
the  flux  determinations  with  Reflection  High  Energy 
Electron  Diffraction  (RHEED)  oscillations  during  GaAs 
epitaxial  growth  will  be  discussed. 
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It  is  useful  to  recall  that  the  (late  nineteenth-century) 
Baltimore  Lectures  of  Lord  Kelvin  indicated  that  the 
likely  sizes  of  atomic  particles  spanned  almost  two 
decades.  Yet  in  the  early  years  of  the  present  century, 
Sir  William  Bragg's  ansatz,  together  with  the  oil-drop 
e,  gave  the  first  reliable  estimate  of  the  scale  of  crystal 
interplanar  spacings.  The  converse  process  of  using 
an  XRCD  approach  to  obtain  a  value  for  the  Avogadro 
constant  was,  prior  to  the  advent  of  x-ray 
interferometry,  limited  by  the  need  to  connect  optical 
and  x-ray  wavelengths  before  using  the  latter  to  esti- 
mate unit  cell  dimensions  in  crystals.  Other  limitations 
of  these  early  measurements  included  the  use  of  water 
as  a  density  standard  and  the  assignment  of  molar 
masses  to  individual  specimens  based  on  geochemical 
abundance  averages.  All  these  difficulties  were  over- 
come, in  principle,  with  the  application  of  x-ray/optical 
interferometry  to  the  determination  of  lattice  periods, 
the  use  of  solid  object  density  standards,  and  the  de- 
termination of  densities  and  isotopic  abundances  on  in- 
dividual monocrystalline  specimens.  While  the 
present-day  situation  is  addressed  in  other  contribu- 
tions to  this  workshop,  the  present  essay  attempts  to 
place  some  of  the  early  work  in  context  and  to  look 
also  to  the  future. 
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The  requirements  for  heteroepitaxial  growth  of  Sb  on 
both  GaSb  and  GaAs,  and  the  subsequent  growth  of 
GaSb  on  Sb,  using  molecular-beam  epitaxy  are  de- 
scribed. These  systems  serve  as  examples  of  the 
heteroepitaxy  of  group-V  elements  with  lll-V  com- 
pounds, i.e.,  between  materials  using  different  bonding 
and  possessing  different  electronic  properties.  The 
quality  of  the  films  was  determined  using  high-resolu- 
tion four-circle  x-ray  diffraction,  and  comparisons  were 
made  between  different  structures.  GaSb  was  found 
to  grow  (III)  oriented  on  Sb  (III)  with  an  inverted  stack- 
ing sequence.  A  simple  epitaxial  model  is  proposed  to 
explain  this. 
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In  the  framework  of  the  extended  Hubbard  model  (cop- 
per-oxygen and  oxygen-oxygen  hopping),  the  energy 
and  effective  mass  of  a  mobile  hole  is  expressed  in 
terms  of  hopping  parameters  and  the  correlators  be- 
tween spins  of  the  background  (S(n)S(n  +  1)).  Due  to 
interaction  of  the  mobile  hole  with  localized  holes,  its 
effective  mass  increases  about  four  times. 
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Ultrasonic  radiation,  Young  modulus,  Fiber  compos- 
ites, Gallium,  Indium,  Lithium,  Zinc,  Stiffness,  Reprints. 

We  derive  analytical  expressions  for  off-diagonal  elas- 
tic stiffnesses  C(12),  C(13),  and  C(23)  in  terms  only 
of  easily  and  precisely  measurable  diagonal  elastic 
stiffnesses  and  Young  moduli.  We  verify  the  expres- 
sions for  several  symmetry  classes:  cubic  (Li),  hex- 
agonal (Zn),  tetragonal  (In),  orthorhombic  (Ga),  and  a 
weakly  orthorhombic  fiber  composite:  B/AI. 
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Voltage  pulses  to  a  scanning  tunneling  microscope 
(STM)  are  used  to  construct  silicon  columns  of  30-100 
A  diameter  and  up  to  200  A  height  on  a  silicon  surface 
and  on  the  end  of  a  tungsten  probe.  These 
nanocolumns  have  excellent  conductivity  and  longev- 
ity, and  they  provide  an  exceptional  new  ability  to 
measure  the  shapes  of  nanostructures  with  a  STM. 
This  construction  methodology  and  these  slender  yet 
robust  columns  provide  a  basis  for  nanoscale  physics, 
lithography,  and  technology. 
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A  physical  model  for  anode  deposition  rates  in  parallel- 
plate,  dc-diode  sputtering  is  presented  and  tested.  The 
deposition  rate  has  been  measured  as  a  function  of 
the  discharge  voltage,  the  anode-cathode  gap  and  the 
pressure,  using  silicon  or  molybdenum  cathodes  with 
argon.  Deposition  rates  as  high  as  23  A/s  were  ob- 
tained using  3  kV,  and  it  is  shown  that  deposition  effi- 
ciency is  similar  to  that  obtained  with  magnetrons.  The 
deposition  rate  varies  inversely  with  anode-cathode 
gap  at  constant  pressure  and  voltage  and  almost  lin- 
early with  power  density  for  discharge  voltages  above 
a  threshold  which  depends  on  the  cathode  material. 
These  observations  are  explained  by  the  model,  which 
can  be  used  to  estimate  the  deposition  rates  for  any 
cathode  material  and  gas  for  which  the  ion  sputtering 
yields  are  known.  Potential  advantages  and  complica- 
tions of  dc  diode  sputtering  for  thin  film  deposition  are 
discussed,  and  optimum  conditions  for  high,  uniform 
deposition  rates  are  described. 
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We  compare  four  surface  motion  laws  for  sharp  sur- 
faces with  their  diffuse  interface  counterparts  by 


means  of  gradient  flows  on  corresponding  energy 
functionals.  The  energy  functionals  can  be  defined  to 
give  the  same  dependence  on  normal  direction  for  the 
energy  of  sharp  plane  surfaces  as  for  their  diffuse 
counterparts.  The  anisotropy  of  the  kinetics  can  be  in- 
corporated into  the  inner  product  without  affecting  the 
energy  functional. 
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We  have  investigated  using  the  scanning  tunneling  mi- 
croscope (STM)  as  a  tool  for  surface  modification  of 
YBa2Cu30(7-delta)  (YBCO)  thin  films  and  have  identi- 
fied five  distinct  methods  whereby  the  STM  tip  can 
modify  the  superconductor  surface,  (i)  By  lowering  the 
tunneling  resistance  we  make  the  tip  scratch  or  'mill' 
the  sample  surface  mechanically,  (ii)  By  increasing  the 
bias  voltage  above  about  4  V  we  can  modify  the  sur- 
face by  an  apparent  electron  beam  damaging  process, 
(iii)  By  increasing  the  bias  voltage  above  1 0  V  and  rais- 
ing the  tunneling  current,  we  can  cause  a  more  dra- 
matic effect  which  is  probably  due  to  a  thermal  proc- 
ess, (iv)  By  operating  the  STM  in  a  damp  carbon  diox- 
ide atmosphere  we  can  cause  the  STM  tip  to  etch  the 
surface  electrochemically.  (v)  Finally,  we  have  some 
preliminary  data  suggesting  that  the  high  field  under 
an  extremely  sharp  tip  displaces  the  oxygen  atoms  in 
the  YBCO  lattice.  Examples  of  each  of  these  tech- 
niques are  shown  and  discussed. 
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The  report  summarizes  all  the  programs  which  use  the 
NIST  reactor.  It  covers  the  period  for  October  1993 
through  September  1994.  The  programs  range  from 
the  use  of  neutron  beams  to  study  the  structure  and 
dynamics  of  matierls  through  nuclear  physics  and  neu- 
tron standards  to  sample  irradiations  for  activation 
analysis,  isotope  production,  neutron  radiography,  and 
nondestructive  evaluation. 
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Interest  in  commercializing  diamond  technology  and 
related  materials  technologies  continues  to  grow.  This 
can  be  attested  to  by  the  large  number  of  abstracts 
received  for  this  meeting,  the  Third  International  Con- 
ference on  the  Applications  of  Diamond  Films  and  Re- 


lated Materials.  More  than  300  abstracts  were  re- 
ceived. Cutting  tools  coated  with  CVD  diamond  are  of 
immediate  commercial  interest.  Other  applications, 
such  as  diamond  windows  and  diamond  heat  spread- 
ers, are  developing  but  at  a  slower  pace.  Interest  in 
cubic  boron  nitride  is  receiving  more  attention  because 
of  its  resistance  to  oxidation  and  because  it  can  be 
used  on  tools  to  machine  ferrous  materials. 
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The  authors  have  explored  two  high-transition  tem- 
perature Josephson  junction  technologies  for  applica- 
tion in  voltage  standard  arrays:  step-edge  junctions 
made  with  TBa2Cu30(7-delta)  and  Au  normal-metal 
bridges,  and  stacked  series  arrays  of  Josephson  junc- 
tions in  selectively  doped,  epitaxially  grown 
Bi2Sr2CaCu208  heterostructures.  For  both  kinds  of 
junctions,  Shapiro  steps  induced  by  a  microwave  bias 
were  characterized  as  a  function  of  power.  The  authors 
compare  the  two  technologies  with  respect  to  critical 
current  and  normal  resistance  uniformity,  maximum 
achievable  critical  current,  critical-current  normal  re- 
sistance product,  and  operating  temperature. 
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A  metrological  application  is  reported  of  the  single 
electron  tunneling  (SET)  phenomena:  a  precise  meas- 
urement of  the  ratio  of  two  cryogenic  capacitors.  The 
measurement  used  a  superconducting  SET  elec- 
trometer as  the  null  detector  for  a  capacitance  bridge. 
A  3-ppm  level  of  imprecision  has  been  achieved  in  the 
measurement  of  the  capacitance  ratio  from  100  to 
1000  Hz.  Further  improvements  can  be  made  in  the 
attempt  to  obtain  an  imprecision  of  10(exp  -8)  at  lower 
frequencies,  sufficient  for  the  metrological  measure- 
ment of  capacitance  or  the  fine-structure  constant 
using  a  SET  pump. 
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The  dynamics  of  a  DC  SQUID  is  analogous  to  the  clas- 
sical dynamics  of  a  particle  subject  to  conservative, 
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damping,  and  driving  forces  in  two  dimensions.  The 
equations  of  motion  define  a  trajectory  on  a  potential- 
energy  surface  derived  from  the  conservative  forces, 
the  components  of  which  correspond  to  different  forms 
of  stored  energy  in  the  SQUID.  In  the  presence  of  a 
periodic  driving  force,  half-integral  Shapiro  steps  are 
possible  when  the  trajectory  follows  a  zig-zag  path  be- 
tween minima  of  the  potential  surface.  This  description 
of  the  dynamics  in  terms  of  a  potential  surface  provides 
an  intuitive,  physical  basis  for  previous  simulation  re- 
sults on  half-integral  Shapiro  step  in  a  DC  SQUID. 
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The  authors  report  on  the  properties  of  stacked  series 
arrays  of  trilayer  Josephson  junctions  grown  by  atomic 
layer-by-layer  molecular  beam  epitaxy.  Trilayer  Jo- 
sephson junctions  oriented  so  that  the  current  travels 
in  the  c-axis  direction  have  been  described  previously. 
Series  arrays  are  made  by  placing  more  than  one  bar- 
rier layer  in  the  Ba2Sr2CaCu208-based,  (2212), 
epitaxial  structure.  Single  molecular  layers  of  2212 
doped  with  Dy  to  reduce  the  local  carrier  concentration 
are  used  as  barriers,  and  are  placed  very  close  to  each 
other,  e.g.,  separated  by  only  a  few  molecular  layers 
of  the  superconducting  phase.  Phase  locking  of  a.c. 
Josephson  currents  has  been  observed.  The  critical 
current  density  of  such  junctions  has  been  observed 
to  be  very  uniform  on  wafers  that  are  free  of  second 
phase  defects,  and  operation  up  to  60  K  has  been  ob- 
tained. 
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Neutron  weighted  density-of-states  measurements  of 
Ba(1-x)K(x)Bi03  are  presented  which  show  pro- 
nounced changes  as  a  function  of  both  temperature 
and  Bi  oxidation  states.  Information  is  gained  on  both 
the  structural  and  metal-insulator  transitions  occurring 
with  increased  potassium  doping.  Phonon  anomalies 
associated  with  the  appearance  of  a  superconducting 
energy  gap  gives  strong  evidence  of  electron-phonon 
coupling  and  superconductivity  via  a  conventional  BCS 
mechanism. 
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Structures  of  various  members  of  the  Ruddlesdon- 
Popper  homologous  series,  (BaSr)n+1  (Sn,Sb)n03n+1 
solved  by  Rietveld  refinement  of  powder  neutron  dif- 
fraction data  are  summarized.  Predictions  of  band 
gaps  are  made  on  the  basis  of  extended  Huckel  cal- 
culations. 
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Inelastic  neutron  scattering  has  been  used  to  study  the 
lattice  dynamics  in  Ba(1-x)KxBi03  over  a  wide  range 
of  compositions,  covering  regions  of  the  (composition 
(x),  temperature  (T))  phase  diagram  displaying 
semiconducting,  metallic,  and  superconducting  behav- 
ior. Modes  are  assigned  using  interatomic  potentials 
calculations,  which  show  good  agreement  with  experi- 
ment. The  oxygen  phonon  modes  are  very  sensitive 
to  changes  in  composition  and  oxidation  state  of  the 
Bi  ions.  Phonon  anomalies  observed  in  both  the  oxy- 
gen TO  bending  (about  33  meV)  and  stretching  (about 
62  meV)  modes  as  a  function  of  temperature  are  dis- 
cussed within  the  context  of  the  BCS  theory.  Novel  be- 
havior is  shown  by  the  LO  oxygen  bending  mode  at 
about  42  meV  that  shows  a  strong  dependence  on 
composition,  proposed  to  arise  from  the  occurrence  of 
structural  phase  transitions  in  this  system. 
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The  authors  have  investigated  YBz2Cu307 -delta 
superconductor-  normal-superconductor  Josephson 
junctions  as  mixers  of  30THz  radiation.  The  authors 
have  directly  observed  (2nd  order) 
differencefrequencies  from  10  MHz  to  12.8  GHz  be- 
tween two  C02  laser  lines.  Applying  a  third  microwave 
signal  to  the  junction,  the  authors  have  observed  C02 
laser  difference  frequencies  up  to  27  GHz.  The  d.c. 
bias  dependence  of  the  difference  frequency  signal,  as 
well  as  other  evidence,  suggests  two  distinct  mixing 
mechanisms:  hot-electron  mixing  in  the  junction  banks 
at  high  d.c.  biases,  and  bolometric  Josephson  mixing 
at  low  d.c.  biases.  The  latter  is  the  first  observation  of 
Josephson  mixing  at  C02  laser  frequencies  in  high- 
T(sub  C)  junctions.  The  Josephson  mixing  has  gen- 
erated observable  mixing  products  up  to  6th  order. 
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Boron  nitride  thin  films  were  deposited  by  ion-assisted 
evaporation  and  characterized  by  neutron  depth 
profiling  (NDP),  a  nondestructive  method  for  the 
compositior.al  analysis  of  solids.  The  phases  present 
in  the  films  were  determined  by  infrared  spectroscopy. 
Examination  of  tr.e  data  presented  here  and  compari- 


son with  the  work  of  other  authors  revealed  that  stoi- 
chiometric or  nearly  stoichiometric  films  contained  the 
greatest  amount  of  the  cubic  phase.  This  led  to  the 
proposition  that  film  stoichiometry  is  one  of  the  factors 
that  stabilize  cubic  boron  nitride  in  boron  nitride  thin 
films.  A  shift  in  the  position  of  the  cubic  boron  nitride 
infrared  absorption  was  also  observed  by  the  present 
authors  which  was  related  to  film  stoichiometry. 
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Powder  neutron-diffraction  profile  refinement  tech- 
niques have  been  used  to  investigate  the  oxygen  de- 
pendence of  the  crystal  structure  and  its  effect  on  the 
superconducting  phase  transition  in  high-quality  sam- 
ples of  the  superconductor  HgBa2CuO(4+delta)  (0.04 
less  than  or  equal  to  delta  less  than  or  equal  to  0.23). 
The  sustem  remains  tetragonal  (space  group  P4/ 
mmm)  over  the  full  range  of  temperature  (10-300  K) 
and  oxygen  concentration  explored.  The  a-axis  lattice 
parameter  decreases  smoothly  with  increasing  delta, 
while  the  c-axis  lattice  parameter  exhibits  a  maximum. 
The  extra  oxygen  in  the  material  is  found  to  randomly 
occupy  the  centered  0(3)  site  (1/2,  1/2,  0)  in  the  Hg 
layer,  and  no  other  additional  site  for  the  extra  oxygen 
was  found  in  the  structure.  There  is  also  no  mixing  of 
the  cations  on  the  Cu  and  Hg  sites. 
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The  authors  are  developing  and  testing  a  new  type  of 
superconducting  transition  edge  sensor  for  phonon 
mediated  particle  detection.  This  sensor  consists  of  a 
superconducting  tungsten  thin  film  deposition  on  a  sili- 
con substrate.  The  temperature  of  the  film  is  held  con- 
stant within  the  superconducting  transitions  (T(sub  c) 
=  70  mK)  by  a  feedback  process,  with  the  substrate 
temperature  well  below  the  film  temperature.  Phonon 
energy  deposited  in  the  film  is  removed  by  a  reduction 
in  feedback  Joule  heating,  which  is  measured  using  a 
series  array  of  DC  SQUIDs.  The  resulting  signals  show 
improvements  in  linearity  and  signal-to-noise  ratio  over 
the  authors'  previous  transition  edge  sensors. 
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An  interaction  model  is  presented  that  accounts  for  the 
phase  transitions  in  a  crystalline  C60  at  90  and  250 
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K.  This  was  obtained  by  a  molecular  dynamics  simula- 
tion of  the  C60  crystal.  These  transitions  are  used  as 
indirect  evidence  of  the  appropriateness  of  the  charge 
distribution.  Additional  support  of  the  proposed  charge 
distribution  comes  from  the  agreement  of  multiple  en- 
ergies with  theoretical  considerations. 
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Numerical  simulations  are  used  to  study  mutual  phase 
locking  in  two-dimensional  arrays  of  Josephson  junc- 
tions for  parameters  typical  of  successful  millimeter- 
wave  oscillators.  Such  arrays  are  shown  to  be  very  tol- 
erant of  random  critical-current  nonuniformities.  How- 
ever, comparison  with  an  equivalent  series  array  re- 
veals that  the  locking  between  rows  in  a  two- 
dimensonal  array  is  principally  due  to  feedback 
through  the  external  load  and  not  to  internal  coupling 
between  rows. 
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Existing  work  in  the  mechanical  behavior  of  thin  films 
focuses  mainly  on  measurement  of  macroscopic  prop- 
erties without  string  correlation  to  microstructural  fea- 
tures. The  authors  used  transmission  electron  micros- 
copy (TEM)  to  characterize  the  microstructures  of  free- 
standing copper  thin  films  both  before  and  after 
monotonic  tensile  deformation  in  an  ex-situ  thin  film 
tensile  testing  system,  as  well  as  during  in-situ  loading 
in  the  TEM.  The  defect  structures  contributing  to  plastic 
deformation  were  investigated  with  an  emphasis  on 
comparison  to  mechanisms  known  to  operate  in  bulk 
copper.  The  thin  film  exhibited  much  lower  ductility  (ap- 
proximately 1%)  than  that  normally  observed  in  bulk 
form  (greater  than  40%).  The  predominant  plastic  de- 
formation mechanisms  did  not  include  the  typical  dis- 
location activity  that  occurs  in  bulk  copper,  but  rather 
greatly  inhibited  dislocation  interactions  typical  of 
stages  I  and  II  hardening  only. 
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Magnetostriction  data  are  reported  for  NiFe/Ag  multi- 
layer thin  films  displaying  giant  magnetoresistance. 
Magnetostriction  and  magnetoresistance  were  meas- 
ured as  functions  of  annealing  temperature  for  NiFe/ 
Ag  samples  having  different  numbers  of  NiFe/Ag 
bilayers  and  Ag  spacer  thicknesses.  They  varied  sys- 
tematically with  annealing  temperature  in  a  manner 


consistent  with  residual  stress  reduction  and 
microstructural  changes  such  as  grain-boundary  diffu- 
sion and  grain  growth.  Zero  magnetostriction  concur- 
rent with  high  magnetoresistance  ratio  (5%)  and  field 
sensitivity  (7.5%(kA/m)(0.6%/Oe))  was  observed  for 
an  optimal  multilayer  configuration  and  annealing  tem- 
perature. This  combination  of  zero  magnetostriction 
and  high  magnetoresistive  response  makes  the  NiFe/ 
Ag  multilayer  system  an  attractive  candidate  for  high- 
performance  magnetic  recording  read-head  sensors. 
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We  present  an  optically  stabilized  lead-salt  diode-laser 
system  which  is  the  nucleus  of  a  very-high  resolution 
instrument  for  sub-Doppler  molecular  spectroscopy  in 
the  mid-infrared.  By  application  of  external  optical 
feedback,  we  have  narrowed  the  diode-laser  linewidth 
by  two  orders  of  magnitude,  yielding  a  spectral  width 
of  less  than  200  kHz.  The  diode-laser  frequency  is  sta- 
bilized and  controlled  via  the  external  reflector  by  vari- 
able-frequency offset-locking  the  diode-laser  to  a  CO 
laser  frequency.  This  substantial  improvement  in  the 
spectral  properties  enabled  us  to  perform  a  Lamb-dip 
experiment  on  a  carbonyl  sulfide  (OCS)  absorption  line 
near  1985  cm-1 . 
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We  present  measurements  on  a  novel  electronic 
microrefrigerator  that  can  cool  conduction  electrons 
significantly  below  the  lattice  temperature.  A  normal- 
insulator-superconductor  tunnel  junction  is  used  to  ex- 
tract electrons  from  the  normal  metal  electrode  whose 
energy  is  higher  than  the  Fermi  energy.  Electrons  with 
an  average  energy  equal  to  the  Fermi  energy  are  re- 
turned to  the  metal  by  a  superconducting  contact.  Con- 
sequently, the  high-energy  thermal  excitations  are  re- 
moved from  the  normal  metal,  thus  cooling  the  elec- 
trons. For  lattice  temperatures  higher  than  100  mK  the 
data  can  be  explained  by  a  simple  theory  incorporating 
the  BCS  density  of  states  in  the  superconducting  elec- 
trode and  the  coupling  between  electrons  and 
phonons.  At  lower  temperatures  our  measurement 
suggests  that  the  electron  energies  in  the  normal  elec- 
trode depart  strongly  from  an  equilibrium  distribution. 
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A  superconducting  integrated  circuit  fabrication  proc- 
ess has  been  developed  to  encompass  a  wide  range 


of  applications  such  as  Josephson  voltage  standards, 
VLSI  scale  array  oscillators,  SQUIDS,  and  kinetic-in- 
ductance-based devices.  An  optimal  Josephson  junc- 
tion low  temperature  processing  for  all  deposition  and 
etching  steps.  This  low  temperature  process  involves 
an  electron  cyclotron  resonance-based  plasma-en- 
hanced chemical  vapor  deposition  of  Si02  films  for 
interlayer  dielectrics.  Experimental  design  and  statis- 
tical process  control  techniques  have  been  used  to  en- 
sure high  quality  oxide  films.  Oxide  and  niobiom  etches 
include  endpoint  detection  and  controlled  overetch  of 
all  films.  An  overview  of  the  fabrication  process  is  pre- 
sented. 


04,720 

PB96-103056       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (PL),  Boul- 
der, CO.  Quantum  Physics  Div. 
Nanoscale  Study  of  the  Hydrogenated  Amorphous 
Silicon  Surface. 
Final  rept. 

D.  M.  Tanenbaum,  A.  Laracuente,  and  A.  C. 
Gallagher.  1994,  6p. 
Contract  NREL-XG-1-1216 

See  also  PB95-1 50595.  Sponsored  by  National  Re- 
newable Energy  Lab.,  Golden,  CO. 
Pub.  in  Materials  Research  Society  Symposia  Pro- 
ceedings, v336  p49-54  1994. 

Keywords:  "Surface  roughness,  "Films,  "Silicon,  Amor- 
phous materials,  Vapor  deposition,  Topology,  Micros- 
copy, Crystal  growth,  Voids,  Substrates,  Reprints,  Hy- 
drogenated amorphous  silicon,  Scanning  tunneling  mi- 
croscopy. 

A  scanning  tunneling  microscope  has  been  used  to 
study  the  topology  of  the  surface  of  device-quality,  hy- 
drogenated amorphous  silicon  deposited  by  rf  dis- 
charge from  silane  or  hot  wire  CVD.  The  substrates 
were  oxide-free  single-crystal  silicon  or  GaAs.  Films 
studied  were  either  grown  in  the  authors'  laboratory 
and  observed  with  no  air  exposure,  or  grown  at  other 
laboratories  producing  device-quality  photovoltaic  cells 
and  viewed  after  air  exposures  of  less  than  30  minutes. 
Thin  films  (10  nm)  representing  early  growth  stages 
appear  significantly  smoother  than  the  thicker  films. 
The  topology  of  thick  films  (greater  than  50  nm)  has 
large  variations  over  individual  samples.  Overall  sur- 
face roughness  measured  on  sub-micron  areas  of  the 
authors' films  is  very  inhomogeneous. 
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The  authors  present  domain  wall  images  obtained  by 
using  Magnetic  Force  Microscope  (MFM)  on  magnetic 
samples  like:  double  layer  of  permalloy  alloy,  magnetic 
hard  disk.  BaFe12019  single  crystal  and  TGdTmGa/ 
TSmTmGa  magnetic  garnet.  The  authors  have  imaged 
topography  and  magnetic  forces  of  the  same  area.  The 
Fe  double-  and  single-layer  thin  films  tips  have  been 
prepared  to  achieve  high  sensitivity  (10(exp  -12)N)  and 
high  resolution  of  MFM. 
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The  stability  of  the  periodic  solution  of  the  two-cell  lad- 
der array  has  been  numerically  investigated  in  order 
to  explore  intrinsic  phase-locking  mechanisms  relevant 
to  arrays  and  stacked  junction  oscillators.  In  zero  mag- 
netic field  the  periodic  in-phase  solution  of  the  system 
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is  neutrally  stable.  However,  this  solution  is  stable  over 
a  finite  voltage  range  when  an  applied  control  current 
exceeds  a  critical  value.  The  dependence  upon  system 
parameters  of  the  boundaries  of  the  stable  range  and 
the  critical  control  current  is  investigated.  Finally,  the 
influence  of  the  control  current  on  the  microwave 
power  in  a  typical  range  of  stability  is  calculated. 
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The  authors  compare  the  electrical  transport  properties 
of  superconductor-normal  metal-superconductor  SNS 
step-edge  YBCO/Au  junctions  where  the  Au  is  depos- 
ited at  100  deg  C  and  600  deg  C.  For  both  types  of 
junctions  the  authors  observe  Resistively  Shunted 
Junctions  (RSJ)  current-voltage  characteristics.  The 
critical  currents  Ic  in  all  cases  are  similar  for  a  given 
YBCO  thickness  to  step  height  ratio,  while  the  normal 
resistance  R(sub  n)  for  the  Au  deposited  at  600  C  is 
consistently  25%  lower.  The  normalized  temperature 
dependence  of  the  l(sub  c)R(sub  n)  product  is  identical 
for  all  junctions  with  Au  deposited  at  high  temperatures 
and  varies  among  junctions  on  a  single  chop  for  Au 
deposited  at  1 00  deg  C.  Low  magnetic  field  modulation 
of  the  critical  current  can  show  either  the  expected 
Fraunhoffer-like  pattern  or  a  double-junction  modula- 
tion for  both  types  of  devices.  The  modulation  period 
is  consistently  a  factor  of  three  lower  for  the  high-tem- 
perature deposited  Au. 


04,724 

PB96-111752       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Boulder,  CO.  Electromagnetic  Technology  Div. 

Critical  Current  and  Normal  Resistance  of  High-Tc 

Step-Edge  SNS  Junctions. 

Final  rept. 

C.  D.  Reintsema,  R.  H.  Ono,  G.  Barnes,  G.  Kunkel, 

D.  A.  Rudman,  L.  R.  Vale,  N.  Missert,  P.  A. 
Rosenthal,  L.  Borcherdt,  and  T.  E.  Harvey.  1995,  5p. 
Pub.  in  Institute  of  Electrical  and  Electronics  Engineers 
Transactions  on  Applied  Superconductivity,  v5  n2 
P3405-3409  Jun  95. 

Keywords:  "Josephson  junctions,  "High  temperature, 
"Critical  current,  "Electric  conductivity, 
Superconducting  devices,  Geometry,  Technology  utili- 
zation, Reprints,  High-Tc,  Step-edge  SNS  junctions, 
l(sub  C)R(sub  n)  product. 

The  authors  have  fabricated  high-Tc  superconductor- 
normal-  superconductorJosephson  junctions  with  a  va- 
riety of  controlled  geometries  and  measuredthe  result- 
ing dependences  of  critical  current  and  normal  resist- 
ance. These  studies  show  that  the  authors  can  adjust 
their  junction  parametersover  orders  of  magnitude, 
thus  allowing  the  authors  to  tailor  the  junctions  for  a 
variety  of  applications. 
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The  crystal  structure  of  a  new  monoclinic  form  of  po- 
tassium dihydrogen  phosphate,  KH2P04,  has  been 
determined  by  single  crystal  x-ray  diffraction.  Crystals 
are  monoclinic,  space  group  P2/c  with  a  =  7.4399(7), 
b  =  7.2634(9),  c  =  9.3629(13)  Angstroms,  Beta  = 
127.696(8)  degrees,  V  =  400.35(9)  cubic  Angstroms, 
dm  =  2.25,  dc  =  2.257  Mg/cubic  m  for  Z  =  4,  mu  = 
17.9  cm(exp  -1),  F(000)  =  272,  T  =  293  K.  The  struc- 
ture was  refined  to  R  =  0.022  and  Rw  =  0.038  for  740 
reflections  with  greater  I  than  or  equal  to  3sigma(l). 
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An  experimental  study  of  artificial  pinning  centers  in 
NbTi  covered  a  large  range  of  many  parameters:  size 
of  pints  from  65nm  down  to  7.7nm  (Pins  spaced  at 
twice  their  size  in  hexagonal  array),  critical  current  den- 
sities at  tempertures  between  2K  and  Tc  at  fields  up 
to  Bc2.  The  objective  of  this  paper  is  to  understand 
mainly  the  field  dependence  of  flux  pinning  in  this  ma- 
terial with  a  view  to  achieve  optimal  performance  in  a 
practical  conductor.  We  conclude  that  in  these  sam- 
ples the  optimal  pinning  at  5T  is  between  14  and  28 
nm  pin  size  and  that  the  pinning  is  within  a  factor  of 
4  plus  or  minus  1  of  the  ultimate  possible. 
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A  procedure  for  deconvolving  time-dependent  distribu- 
tion functions  from  permittivity  data  is  developed.  The 
problem  is  reduced  to  solving  an  associated  moment 
problem.  This  moment  problem  is  then  solved  using 
a  maximum-entropy  procedure.  A  new  algorithm  for 
approximating  the  associated  Lagrange  multipliers  in 
the  distribution  function  is  also  outlined.  The  method 
is  applied  to  permittivity  modeling  both  for  in-band  and 
out-of-band  regions.  The  numerical  results  indicate 
that  the  technique  has  potential  for  deconvolving  the 
distribution  function  from  the  permittivity  data. 
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We  used  the  technique  of  Low  Temperature  Scanning 
Electron  Microscopy  for  spatially  resolved  investiga- 
tions of  both  Josephson  junctions  and  superconducting 
integrated  circuits  during  their  operation  with  a  spatial 
resolution  of  about  1  micrometer.  Two  examples  of  our 
studies  will  be  presented.  With  single  Josephson  tun- 
nel junctions  of  various  geometries  we  studied  different 
dynamics  states  such  as  fluxon  oscillations  or 


unidirectional  flux  flow.  With  an  integrated  circuit  con- 
sisting of  a  two-dimensional  array  of  tunnel  junctions 
and  an  rf  detection  circuit  we  investigated  the  rf-prop- 
erties  of  the  coupling  circuit  and  confirmed  the  exist- 
ence of  an  impedance  mismatch  and  a  geometrical 
standing  wave  in  the  blocking  capacitor. 
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Rutherford  backscattering  at  two  different  angles  on 
multilayer  targets  is  used  to  measure  the  stopping 
powers  of  hydrogen  and  helium  ions  in  polystyrene  in 
the  energy  range  near  their  maximum  values.  In  the 
energy  range  from  40  to  300  keV/amu,  the  hydrogen 
stopping  power  reaches  a  maximum  value  of  9.8  eV/ 
10  to  the  15th  power  atoms/cm.  sq.  at  81  keV/amu. 
As  the  energy  increases  from  25  to  90  keV/amu,  the 
helium  stopping  power  increases  from  15.7  to  26.0  eV/ 
(10  to  the  15th  power  atoms/cm. sq.).  Identical  results 
(in  keV/amu  energy  units)  were  obtained  for  2H  and 
1H,  as  well  as  for  4He  and  3He.  The  hydrogen  and 
helium  measured  stopping  power  values  are  compared 
to  the  results  calculated  from  two  empirical  models 
(Bragg's  rule  and  the  cores-and-bonds  model).  A  func- 
tion has  been  fit  to  the  experimental  data,  including 
those  previosly  published,  which  permits  rapid  calcula- 
tion of  the  stopping  powers. 
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Quantized  breakdown  voltage  states  are  observed  in 
a  second,  wide,  high-quality  GaAs/AIGaAs  sample 
made  from  another  wafer,  demonstrating  that  quan- 
tization of  the  longitudinal  voltage  drop  along  the  sam- 
ple is  a  general  feature  of  the  quantum  Hall  effect  in 
the  breakdown  regime.  The  voltage  states  are  inter- 
preted in  a  simple  energy  conservation  model  as 
occuring  when  electrons  are  excited  to  higher  Landau 
levels  and  then  return  to  the  original  level.  A 
spectroscopic  study  of  these  dissipative  voltage  states 
reveals  how  well  they  are  quantized.  The  statistical 
variations  of  the  quantized  voltages  increase  linearly 
with  quantum  number. 
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The  authors  have  measured  the  complex 
magnetoconductivity  of  disordered  quasi-dimensional 
Ag  wires  at  1  GHz  and  at  200  Hz.  Because  1  GHz  is 
of  the  same  order  as  the  dephasing  rate,  the  authors 
have  been  able  to  observe  the  frequency  dependence 
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of  weak  localization.  Both  the  real  and  imaginary  parts 
of  the  conductivity  at  1  GHz  are  in  good  agreement 
with  theory.  The  data  yield  an  accurate  value  for  the 
electron  diffusion  constant,  which  is  not  well  deter- 
mined by  dc  measurements,  and  support  the  theory  of 
weak  localization  at  finite  frequency. 


04,732 

PB96-1 19417       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (PL), 

Gaithersburg,  MD.  Electron  and  Optical  Physics  Div. 

Nanofabrication  of  a  Two-Dimensional  Array  Using 

Laser-Focused  Atomic  Deposition. 

Final  rept. 

R.  Gupta,  J.  J.  McClelland,  Z.  J.  Jabbour,  and  R.  J. 
Celotta.  1995,  3p. 

Pub.  in  Applied  Physics  Letters,  Chapter  67,  v10 
p1378-1380,4Sep  95. 

Keywords:  'Chromium,  'Deposition,  'Laser  radiation, 
'Lithography,  'Atomic  beams,  Fabrication,  Silicon, 
Substrates,  Two  dimensional,  Arrays,  Microstructure, 
Lithography,  Reprints,  'Atom  lithography, 
Nanofabrication,  Nanostructures. 

Fabricaion  of  a  two-dimensional  array  of  nanometer- 
scale  chromium  features  on  a  silicon  substrate  by 
laser-focused  atomic  deposition  is  described.  Features 
13  plus  or  minus  1  nm  high  and  having  a  full-width  at 
half  maximum  of  80  plus  or  minus  10  nm  are  fabricated 
in  a  square  array  with  lattice  constant  212.78  nm,  de- 
termined by  the  laser  wavelength.  The  array  covers  an 
area  of  approximately  100  micro  m  x  200  micro  m.  Is- 
sues associated  with  laser-focusing  of  atoms  in  a  two- 
dimensional  standing  wave  are  discussed,  and  poten- 
tial applications  and  improvements  of  the  process  are 
mentioned. 
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The  addition  of  Sm2BaCu05  to  YBa2Cu30(6+x)  has 
been  shown  to  increase  the  transport  critical  current 
density.  Because  Sm2BaCu05  and  CuO  do  not  coex- 
ist at  equilibrium,  additions  of  Sm2BaCu05  to 
YBa2Cu30(6+x)  cause  a  reaction  with  the  Cu  rich  liq- 
uid phase  usually  present  during  sintering.  This  forms 
crystalline  phases  that  do  not  completely  cover  the 
grain  boundaries.  Sm  was  found  to  be  homogeneously 
distributed  in  the  YBa2Cu30(6+x),  matrix.  Additions  of 
5  mole%  Sm2BaCu05  and  sintering  temperatures  of 
950  deg.  C  are  effective  in  increasing  the  transport  crit- 
ical current  density. 
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The  lack  of  satisfactory  cryocoolers  designed  specifi- 
cally for  superconducting  electronics  has  hindered  the 
marketability  of  superconducting  devices.  This  article 
reviews  the  current  status  of  the  five  most  common 
cryocoolers:  Joule-Thomson,  Brayton,  Stirling,  Gifford- 
McMahon,  and  pulse  tubes.  Advantages  and  dis- 
advantages of  each  type  of  commercially  available 
cryocoolers  are  given.  Most  of  these  cryocoolers  have 
been  developed  for  the  cooling  of  infrared  sensors  and 
can  sometimes  be  adapted  for  use  with 
superconducting  electronics.  Current  areas  of  re- 
search are  discussed  and  some  projections  for  the  fu- 
ture are  given. 
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An  ac  magnetic  field  modulation  and  lock-in  amplifier 
technique  was  used  to  study  'universal'  conductance 
fluctuations  in  GaAs/AIGaAs  devices.  The  enhanced 
measurement  sensitivity  of  this  technique  permits  uni- 
versal conductance  fluctuations  to  be  observed  and 
studied  in  a  new  large-size-scale  regime  where  de- 
vices have  been  considered  macroscopic.  It  generally 
has  been  assumed  that  a  finite  temperature,  coherent 
quantum  interference  effects  could  not  be  observed  in 
devices  of  this  large  size. 
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Recent  research  at  NIST  has  resulted  in  significant 
fundamental  and  practical  improvements  in  magneto- 
optics  sensors  used  to  measure  magnetic  field  and 
electric  current.  This  paper  reviews  these  develop- 
ments and  considers  prospects  for  further  gains. 
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A  technique  utilizing  the  reflection  of  x-rays  to  deter- 
mine material  density  at  flat  surfaces  is  described.  The 
effects  of  sample  misalignment  limit  the  accuracy  of  x- 
ray  reflectivity  as  typically  practiced.  These  effects  may 
be  properly  accounted  for  by  measuring  the  critical 
angle  for  reflection  at  many  different  x-ray  wavelengths 
simultaneously  from  which  an  extrapolation  of  the  posi- 
tion of  the  critical  angle  at  infinite  wavelength  may  be 
made.  This  extrapolation  has  the  effect  of  correcting 
for  sample  misalignment.  Use  of  the  technique  is  dem- 
onstrated for  single-crystal  silicon  surfaces  and  for  sili- 
ca spin-on-glass  thin  films. 
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In  this  paper,  we  demonstrate  that  measurements  of 
the  magnetoresistance  can  be  used  as  a  valuable  al- 
ternative to  conventional  characterization  tools  to  study 
transport  properties  of  advanced  semiconducting  ma- 
terials, structures,  or  devices.  We  have  measured 
magnetoresistance  on  two  different  systems,  namely, 
three  liquid-phase  epitaxially  grown  HgCdTe  Films  and 
two  GaAs-based  high-electron-mobility-transistor 
(HEMT)  structures.  The  results  are  analyzed  by  using 
a  two-carrier  model  as  a  reference  in  the  context  of 
the  reduced-conductivity-tensor  scheme.  The  HEMT 
data  are  in  quantitative  agreement  with  the  two-carrier 
model,  but  the  HgCdTe  data  exhibit  appreciable  devi- 
ations from  the  model.  The  observed  deviations 
strongly  indicate  a  mobility  spread  and  material  com- 
plexity in  the  HgCdTe  samples  which  are  probably  as- 
sociated with  inhomogeneities  and  the  resulting  anom- 
alous electrical  behavior. 
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Measurements  are  presented  on  a  novel 
microcalorimeter  for  the  detectionof  x-rays.  This  detec- 
tor uses  a  normal  metal  film  deposited  on  a  thin  mem- 
brane to  absorb  x-ray  photons.  The  subsequent  tem- 
perature rise  of  theelectrons  is  measured  from  the  cur- 
rent-voltage characteristics  of  a  normal-insulator- 
superconductor  tunnel  junction,  where  part  of  the  ab- 
sorber forms  the  normal  electrode.  A  superconducting- 
quantum-  interference-device  is  used  as  a  low-noise 
high-bandwidth  readout  for  the  junction.  We  have 
measured  an  energy  resolution  of  22  eV  full  width  at 
half-maximum  and  a  time  constant  of  15micro  s  for  a 
detector  operating  at  80  mK  and  having  a  0.5  microm- 
eter thick  Au  adsorber  with  an  area  of  100  x  100  mi- 
crometer square. 
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We  have  successfully  demonstrated  waveguide  lasers 
operating  at  1056.1,  1058.2,  and  1062.6  nm  in  Nd- 
doped  phosphate  glass.  The  waveguides  were  fab- 
ricated by  potassium  ion  exchange  from  a  nitrate  melt. 
Distributed  feedback  grating  patterns  were 
holographically  written  at  458  nm  in  photoresist  spun 
on  the  sample  surfaces.  The  gratings  were  developed, 
coated  with  chromium  at  a  60-degree  evaporation 
angle,  and  were  then  transferred  into  the  glass  by 
argon  ion  sputtering.  Typical  laser  threshold  was  32 
mW  of  absorbed  pump  power  at  805  nm  with  a  cor- 
responding slope  efficiency  of  2%. 
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The  authors  develop  a  diffuse-interface  theory  of  or- 
dering of  a  binary  alloy  on  a  face-centered-cubic  (FCC) 
crystal  lattice.  A  continuum,  multiple-order-parameter 
theory  is  used  that  incorporates  the  underlying  symme- 
tries of  the  FCC  crystal  in  both  the  bulk  and  gradient- 
energy  terms  of  the  free  energy.  With  the  theory  the 
authors  are  able  to  compute  interphase  and  antiphase 
boundaries  for  general  orientations  with  respect  to  the 
fixed  crystal  axes.  The  authors  are  able  to  compute  the 
structure  of  these  interfaces,  which  compare  very  well 
with  previous  calculations  by  Kikuchi  and  Cahn  using 
the  cluster  variation  method.  For  the  parameters  the 
authors  have  studied,  they  find  that  the  anisotropy  of 
the  surface  free  energy  is  not  sufficiently  strong  to 
cause  edges  or  corners  in  equilibrium  shapes. 


04,742 

PB96-135033       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Boulder,  CO.  Electromagnetic  Technology  Div. 

Coexistence      of      Grains      with  Differing 

Orthorhombicity  in  High  Quality  YBa2Cu307-delta 

Thin  Films. 

Final  rept. 

E.  I.  de  Obaldia,  K.  F.  Ludwig,  S.  J.  Berkowitz,  P.  M. 
Mankiewich,  D.  A.  Rudman,  A.  Roshko,  R.  Moerman, 
L.  Vale,  R.  H.  Ono,  A.  M.  Clark,  and  W.  J.  Skocpol. 
1994,  3p. 

Pub.  in  Applied  Physics  Letters,  v65  n26  p3395-3397 
Dec  94. 

Keywords:  "Thin  films,  *X  ray  diffraction,  "Lasers,  Re- 
prints, "Pulsed  laser  deposition,  YBCO. 

High  quality  films  of  YBa2Cu307-sigma  on  LaAI03 
have  been  grown  by  pulsed-laser  deposition  at  oxygen 
pressures  of  2.4-54  Pa  (25-400  mTorr).  X-ray  diffrac- 
tion reveals  the  coexistence  of  grains  that  align  with 
the  substrate  axes  (axial  grains).  The  axial  grains  are 
tetragonal  while  the  diagonal  grains  achieve  lattice  pa- 
rameters close  to  bulk  YBa2Cu307.  The  relative  pro- 
portion of  axial  grains  accounts  for  the  measured  vari- 
ations of  normal-state  conductance  and 
superconducting  critical  current  density  from  film  to 
film,  based  on  a  simple  two-dimensional  model  of  ran- 
domly positioned,  insulating  axial  grains. 
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The  authors  calculate  the  accuracy  of  the  single  elec- 
tron pump  numerically  and  analytically.  With  a  biasing 
of  the  device  that  the  authors  describe  as  optimal,  the 
accuracy  is  computed  with  finite  temperature 
cotunneling  rates  that  systematically  include  all  pos- 
sible cotunneling  processes.  A  simple  graphical  rep- 
resentation of  the  operation  of  the  pump  illustrates 
when  cotunneling  processes  become  active.  The  au- 
thors show  that  the  accuracy  is  limited  by  cotunneling, 
thermal  activation,  and  operating  the  device  at  too  high 
a  frequency;  simple  approximation  formulas  are  given 
for  these  errors.  Metrological  accuracy  is  attainable  for 
devices  with  five  or  more  junctions  and  with  param- 
eters that  are  experimentally  attainable. 
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The  authors  have  investigated  the  interaction  between 
high  critical  temperature  (high-Tc)  superconductor-nor- 
mal metal-superconductor  step-edge  junctions  cou- 
pled through  a  non-superconducting  feedback  loop. 
The  authors  have  characterized  the  strength  of  the 
interaction  as  a  function  of  frequency  and  temperature 
for  both  a  circuit  without  a  groundplane  and  an  all  high- 
Tc  multilayer  circuit  incorporating  a  superconducting 
ground  plane.  The  authors  observed  relative  locking 
strengths  (the  ratio  of  the  measured  locking  current  IL 
to  the  junctions  average  critical  current  Ic)  as  large  as 
IL/IC=9%  and  peak  locking  frequencies  as  high  as  1 .06 
THz.  The  maximum  temperature  at  which  locking  oc- 
curred was  35  K.  An  analysis  of  the  temperature  de- 
pendence of  the  locking  current  accounting  for  thermal 
fluctuations  in  the  context  of  Johnson  noise  from  resis- 
tive elements  in  the  circuit  agrees  well  with  the  authors' 
experimental  observations. 
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Realizing  the  ultimate  limits  in  fabrication  requires  the 
controlled  placement  of  material  at  the  single  atomic 
layer  limit.  This  precision  is  required  for  both  semi- 
conductor and  magnetic  devices,  the  two  largest  indus- 
tries racing  towards  the  Ultimate  Limits  in  fabrication. 
In  this  report  the  authors  summarize  results  on  the  ef- 
fects of  thickness  fluctuations  on  the  exchange  cou- 
pling in  Fe/Cr/Fe  trilayer  structures.  This  work  dem- 
onstrates the  importance  of  controlling  thin  film  thick- 
ness at  the  single  atomic  layer  level  in  magnetic  sys- 
tems. 
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An  evening  panel  discussion  on  magnetic  units,  at- 
tended by  150  participants,  was  held  at  the  1994  Joint 
MMM-lntermag  Conference  in  Albuquerque,  New  Mex- 
ico, USA.  The  season  was  organized  by  CD.  Graham, 
Jr.,  and  moderated  by  R.B.  Goldfarb.  The  panel  mem- 
bers were  asked  to  describe  the  use  of  magnetic  units 
in  the  countries,  and  to  make  appropriate  comments 
and  recommendations.  In  addition  to  units,  several 
panelists  talked  about  distinction  between  magnetic  in- 
duction B  and  magnetic  field  strength  H,  and  the  con- 
version of  equations.  After  the  panelists'  opening  state- 
ments, the  floor  was  opened  for  questions  and  discus- 
sion from  the  audience.  Below  are  the  panelists'  sum- 
maries of  their  remarks.  By  agreement  with  authors, 
this  article  is  not  subject  to  copyright. 
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We  have  fabricated  YB2Cu307-x-SrTi03- 
YBa2Cu307-x  (YBCO-STO-YBCO)  trilayers,  in  which 
each  layer  is  patterned  photolithographically,  capping 
the  first  YBCO  film  with  an  in  situ  STO  film.  Atomic 


force  microscopy  demonstrates  that  the  capping  proc- 
ess dramatically  improves  the  quality  of  the  surface  of 
the  second  layer,  allowing  the  growth  of  an  upper 
YBCO  film  with  a  substantially  reduced  level  of  low- 
frequency  flux  noise.  A  magnetometer  with  a  multiturn 
flux  transformer  coupled  to  a  dc  superconducting 
quantum  interference  device  achieved  a  magnetic  field 
noise  of  74  fT  Hz-1/2  at  1  Hz,  improving  to  31  fT  Hz- 
1/2  at  1  kHz. 
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The  authors  have  measured  two  phonon-dispersion 
curves  above  50  meV  in  a  superconducting  (Tc=33  K) 
single  crystal  of  La1.8Sr0.15CuO4.  In  the  normal 
phase  (T=45  K),  the  authors  show  that  the  A1  mode 
compatible  with  the  Raman  A1g(425  cm-1)  mode  is 
weakly  dispersive,  falling  from  53.7  meV  at  the  zone 
center  to  about  51  meV  at  the  zone  boundary  along 
the  tetragonal  (0.0)  direction.  For  the  A1  mode  compat- 
ible with  the  infra-red  A2u  (480  cm  to  the  minus  one) 
mode,  they  observe  a  significant  dispersion  of  the 
photonon  energy  which  drops  monotonically  from  60 
to  56  meV.  The  global  features  of  these  dispersion 
curves  were  similar  to  those  previously  reported  in 
studies  of  both  pure  and  10%  Sr  doped  La2Cu04. 
However  significant  differences  in  the  shape  of  the  dis- 
persion of  the  highest  A1  branch  is  shown,  as  well  as 
a  significant  softening  with  increasing  carrier  con- 
centration. 
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The  paper  investigates  the  mobility  of  electrons  scat- 
tering from  the  coupled  system  of  electrons  and  longi- 
tudinal-optical (LO)  phonons  in  n-type  GaAs.  The 
Boltzmann  equation  is  solved  exactly  for  low  electric 
fields  by  an  iterative  method,  including  electron-elec- 
tron and  electron-LO-phonon  self-energy  is  treated  in 
the  plasmon-pole  approximation.  Scattering  from  ion- 
ized impurities  screened  in  static  RPA  is  calculated 
with  phase-shift  cross  sections  and  scattering  from 
RPA  screened  deformation  potential  and  piezoelectric 
acoustic  phonons  is  included  in  the  elastic  approxima- 
tion. The  results  show  that  dynamic  screening  and 
plasmon-phonon  coupling  significantly  modify  inelastic 
scattering  at  low  temperatures  and  densities.  The  ef- 
fect on  mobility  is  obscured  by  ionized  impurity  scatter- 
ing in  conventionally  doped  material,  but  should  be  im- 
portant in  modulation  doped  structures.  For  uncom- 
pensated bulk  n-type  GaAs,  the  RPA  phase-shift 
model  for  electron-impurity  scattering  gives  lower  drift 
mobilities  than  the  standard  Thomas-Fermi  or  Born 
calculations,  which  are  high  compared  to  experiment. 
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A  magneto-optic  Kerr-effect  scanning  near-field  optical 
microscope  is  used  to  image  a  stripe  domain  wall  in 
a  Co/Pt  multilayer  sample.  The  microscope  is  an  im- 
proved version  of  a  type  previously  reported,  which 
uses  light  scattering  from  surface  plasmons  in  20-40 
nm  Ag  particles  as  a  near-field  probe.  Data  are  pre- 
sented for  both  the  probe  intensity  and  polarization 
contrast  as  a  function  of  probe/sample  spacing.  Oscil- 
latory behavior  in  both  sets  of  data  is  reasonbly  ex- 
plained with  a  simplified  model  of  optical  interference. 
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Several  techniques  for  improving  the  electrical  con- 
ductivity of  micromachined  silicon  cantilevers  for  atom- 
ic force  microscopy  point  contact  measurements  were 
investigated.  The  techniques  studied  included  sputter- 
ing or  evaporating  thin  layers  of  gold,  platinum  or  silver 
onto  the  lower  surface  of  the  cantilever  to  create  a  con- 
ducting metal  layer,  and  doping  the  cantilevers  with 
phosphorus.  It  was  found  that  the  lowest  resistance 
contacts  to  a  gold  surface  can  be  made  by  the  metal 
coated  tips,  which  can  make  stable  point  contacts  with 
resistances  as  low  as  30  omega  at  a  tip  sample  force 
of  15  mu  N. 
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We  report  low-temperature  conductance  data  for  in  situ 
YBa2Cu307-sigma  (YBCO)/Au,  and  YBCO/Pt  planar 
c-axis  interfaces.  Analysis  of  the  conductance  data  for 
these  interfaces,  which  have  resistivities  as  low  as  1 
x  10  to  the  minus  8th  power  omega-cm2,  indicates  that 
tunneling  is  the  predominant  transport  mechanism. 
Zero-bias  conductance  peaks  are  present  for  all  of  the 
in  situ  interfaces.  These  peaks  are  analyzed  in  the 
framework  of  the  Appelbaum  model  and  are  attributed 
to  the  presence  of  isolated  magnetic  spins  at  the  inter- 
face. The  presence  and  similarity  of  the  peaks  for  each 
noble-metal  overlayer  supports  the  hypothesis  that  the 
magnetic  spins  are  inherent  to  the  YBCO  surface. 
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Neutron-powder-diffraction  patterns  of  the 
superstoichiometric  rare-earth  dideuteride  LaD2.25 
were  measured  between  15  and  400  K.  Profile  refine- 
ments indicated  that,  above  approximately  345  K,  the 
LaD2.25  structure  is  cubic  (Fm3m)  with  deuterium  fully 
occupying  the  tetrahedral  (t)  interstices  of  the  fee  La 
lattice  and  the  excess  deuterium  occupying  a  portion 
of  the  octahedral  (o)  interstices  with  full  statistical  dis- 
order. As  the  temperature  is  decreased  below  approxi- 


mately 345  K,  the  LaD2.25  structure  undergoes  a 
transformation  to  tetragonal  symmetry  concomitant 
with  the  onset  of  deuterium  long-range  order  (14/mmm) 
in  the  o  sublartice.  Fully  developed  long-range  order 
is  established  near  230  K  and  ideally  corresponds  to 
the  occare-earth-deuterium  systems  possessing  simi- 
lar D/Metal  stoichiometric  ratios.  This  ordering  is  ac- 
companied by  an  outward  expansion  of  the  cubic  en- 
semble of  eight  t-site  deuterium  atoms  surrounding 
each  o-site  deuterium  (Do)  atom.  Moreover,  the  c-di- 
rected  La-Do  bond  distances  are  decreased  by  a  dis- 
placement of  the  La  atoms  toward  the  Do  atoms. 
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We  report  the  photoluminescence  spectrum  of  well 
characterized,  epitaxially  grown  single  crystal  C60  thin 
fims.  The  highly  regular  and  reproducible  spectral  fea- 
tures observed  can  be  explained  by  a  simple  molecular 
model  which  takes  into  account  enhanced  coupling  of 
an  excited  C60  molecule  with  its  nearest  neighbor. 
This  model  provides  an  identification  of  all  the  ob- 
served spectral  features  at  low  temperature  including 
a  qualitative  understanding  of  the  relative  peak  height 
ratios,  as  well  as  the  observed  temperature  dependene 
of  the  PL  spectrum. 
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In  comparative  measurements  of  small-scale  epoxy- 
impregnated  Cu-stabilized  and  Al/Cu-stabilized  Nb-Ti 
test  coils  at  4  K  and  5  T,  the  heat  energy  required  to 
quench  the  Al/Cu-stabilized  coil  was  4  to  12  times 
greater  than  for  the  Cu-stabilized  coil,  depending  on 
the  relative  operating  current.  Also,  the  coils'  stabilizer 
resistivity  (p)  was  measured  as  a  function  of  mechani- 
cal fatigue  to  test  for  strain-induced  degradation.  The 
p  of  the  Cu-stabilized  coil  is  relatively  unaffected  by  fa- 
tigue, while  that  of  the  Al/Cu-stabilized  coil  increases 
with  fatigue.  However,  in  these  coils,  having  a  typical 
stabilizersuperconductor  ratio  of  4:1,  the  degradation 
of  the  Al/Cu-stablized  coil  beings  to  saturate  after  sev- 
eral hundred  fatigue  cycles;  after  2000  fatigue  cycles 
to  0.2%  strain,  the  p  of  the  Al/Cu-stabilized  coil  is  still 
2.6  times  lower  than  the  p  of  the  Cu-stabilized  coil. 
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The  J  =  0  <- 1  and  J  =  1  <-  2  fine-structure  transitions 
in  atomic  Fe  in  its  grand  5D  state  have  been  detected 
in  the  laboratory  by  far-infared  laser  magnetic  reso- 
nance. The  fine-structure  intervals  have  been  meas- 
ured accurately  as  2696.3942(22)  and  5519.9397(18) 
GHz,  respectively;  these  values  correspond  to  wave- 


lengths of  111.18273  and  54.31082  micrometers,  with 
an  uncertainty  of  about  2  x  time  10  to  the  minus  5th 
power  micrometers. 
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The  drive  for  further  miniaturization  of  electronic  and 
magnetic  devices  continues  to  place  increasing  de- 
mands on  the  authors'  abilities  to  fabricate  very  small 
structures  and  to  understand  and  exploit  the  physical 
laws  applicable  in  such  devices.  Optical  lithographic 
techniques  continue  to  be  refined  and  limitations  im- 
posed by  diffraction  are  driving  the  wavelength  of  the 
photons  utilized  toward  the  x-ray  region.  Still  shorter 
wavelength  particles,  high  energy  electrons,  are  used 
for  the  highest  resolution  mask  making.  A  logical  ex- 
tension of  the  progression  would  involve  using  atoms, 
because  of  their  short  de  Broglie  wavelength,  as  the 
pattern  generating  particle,  either  to  expose  a  resist, 
or  to  deposit  structures  directly.  The  authors'  are  ex- 
ploring how  the  techniques  of  atom  optics,  a  field  par- 
alleling electron  optics  but  utilizing  neutral  atoms  in- 
stead of  electrons,  can  be  used  to  fabricate  structures 
on  the  nanometer  scale.  This  article  is  a  brief  summary 
of  the  authors'  research  on  this  topic.  A  more  detailed 
treatment  can  be  found  elsewhere. 
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The  resistivity  of  YBCO/Ag  interfaces  has  been  meas- 
ured for  different  oxygen  annealing  temperatures  for 
a  series  of  ex-situ  fabricated  thin-film  contacts  having 
sizes  ranging  from  16  micrometers  x  16  micrometers 
down  to  4  micrometers  x  4  micrometers.  The  interface 
resistivity  began  to  decrease  after  annealing  at  300 
deg  C  for  10  minutes  in  one  atmosphere  oxygen.  After 
annealing  at  400  deg  C,  the  contact  resistivity  de- 
creased by  several  orders  of  magnitude  to  the  10  to 
the  minus  7  power  Omega-(cm)squared  range.  The 
500-nm  thick  Ag  layer  showed  massive  surface  diffu- 
sion and  agglomeration  for  annealing  temperatures 
above  -400  deg  C;  this  temperature  thus  represents 
a  practical  limit  for  oxygen  annealing  the  TBCO/Ag 
interface  system  for  more  than  10  minutes.  Rapid  cool- 
ing of  the  chip  after  annealing  led  to  a  severe  loss  of 
critical  current  density  in  the  YBCO  layer,  which  could 
be  restored  by  reannealing  and  cooling  at  a  slower  rate 
of  50degC/min. 
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The  authors  used  ultrasonic-resonance  spectroscopy 
(URS)  to  determine  the  complete  elastic-stiffness.  The 
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authors  show  spectra  for  five  materials:  polycrystal  and 
monocrystal  copper,  laminated  composite  B1/AI,  a 
seven-layer  structure  aramid-epoxy/AI,  a  YBa2Cu307 
superconductive  film  on  a  SrTi03  substrate.  Fre- 
quencies involved  are  100  kHz  -  5  MHz.  Specimen 
sizes  are  approximately  1  cm.  The  URS  approach  of- 
fers the  principal  advantage  of  one  measurement  for 
a  multicomponent  tensor  property:  for  orthotropic  sym- 
metry, nine  independence  components. 
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The  author  imagined  the  magnetic  domain  structure  of 
several  heterogeneous  CovAg1-x  alloys  by  using 
scanning  electron  microscopy  with  polarization  analy- 
sis. These  images  show  that  extended  domain  struc- 
tures exist  in  both  the  as-deposited  samples  and  in 
samples  annealed  at  moderate  temperatures.  This 
suggests  that  a  significant  fraction  of  the  cobalt  in 
these  materials  does  not  contribute  to  the  giant 
magnetoresistance.  Only  those  samples  annealed  at 
600  deg  C  and  containing  less  than  40%  cobalt  by  vol- 
ume show  no  domain  structure. 
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A  theory  is  developed  for  the  magneto-optic  Kerr  effect 
(MOKE)  excited  via  an  optical  near  field.  The  model 
under  consideration  includes  a  semi-infinite 
ferromagnet  and  a  small  non-magnetic  metal  particle 
which  is  located  nearby  and  possesses  a  long-living 
surface  plasmon.  A  multiple-scattering  formulation  of 
the  problem  is  given.  Considering  the  Rayleigh  scatter- 
ing of  light  and  the  magneto-optical  light  polarization 
conversion  as  elementary  events,  all  the  essential  opti- 
cal processes  are  classified,  and  those  which  contrib- 
ute to  the  near-field  excitation,  is  treated  self-consist- 
ently  to  all  orders  in  light-matter  interaction,  and  the 
magneto-optical  interaction  is  described  in  the  first 
order  approximation  of  perturbation  theory.  The  scat- 
tered light  field  is  discussed  with  special  emphasis  on 
the  change  of  optical  polarization  due  to  MOKE. 
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Systematic  changes  were  observed  in 
magnetostriction  and  magnetoresistance  ratio  for 
NiFe/Ag  multilayers  as  a  function  of  annealing  tem- 
perature. Optimal  multilayer  configurations  (number  of 
bilayers  and  Ag  layer  thickness)  can  be  engineered  to 
achieve  zero  magnetostriction  concurrent  with  high 
magnetoresistance  sensitivity.  This  feature  makes  the 
NiFe/Ag  multilayers  potentially  useful  for  high-perform- 
ance magnetic  recording  read-sensors. 
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We  report  noise  data  for  discontinuous  Ni82Fe18/Ag 
multilayer  test  structures.  Examination  of  the  noise 
data  for  this  material  indicates  that  random  telegraph 
fluctuator  (RTF)  noise  of  the  resistance  is  the  predomi- 
nant noise  source.  Analysis  of  the  RTF  noise  in  these 
structures  presents  an  opportunity  to  estimate  mag- 
netic domain  or  magnetic  cluster  strengths  and  the  do- 
main-domain interactions. 
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The  present  publication  updates  an  earlier  report  of  the 
lUCr  Subcommittee  on  Statistical  Descriptors 
(Schwarzenbach,  Abrahams,  Flack,  Gonschorek, 
Hahn,  Huml,  Marsh,  Prince,  Robertson,  Rollett  and 
Wilson  (1989):  Acta  Cryst.  A45,  63-75).  This  new  re- 
port presents  the  concepts  of  standard  uncertainty,  of 
combined  stanard  uncertainty,  and  of  Type  A  and  Type 
B  evaluations  of  standard  uncertainties.  It  expands  the 
earlier  dictionary  of  statistical  terms,  recommends  re- 
placement of  the  term  estimated  standard  deviation 
(e.s.d.)  by  standard  uncertainty  (s.u.)  or  by  combined 
standard  uncertainty  (c.s.u.)  in  statements  of  the  statis- 
tical uncertainties  of  data  and  results,  and  requests  a 
complete  description  of  the  experimental  and  computa- 
tional procedures  used  to  obtain  all  results  submitted 
to  lUCr  publications. 
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We  develop  a  simple  model  of  the  influence  of  natural 
convection  on  the  selection  of  the  operating  state 
(dendrite  tip  velocity,  V,  and  tip  radius,  rho)  for  dendritic 
growth  of  a  pure  material.  We  hypothesize  that  the  im- 
portant aspects  if  natural  convection  can  be  accounted 
for  by  considering  the  global  convection  that  would 
occur  in  the  vicinity  of  a  sphere  of  radius  R  that  charac- 
terizes the  size  of  a  dendritic  array  that  is  growing  from 
a  point  source.  We  estimate  the  thickness,  delta,  of  a 
stagnant  boundary  layer  surrounding  this  sphere  by 
matching  the  value  of  the  Nusselt  number  obtained 
from  the  heat  transfer  literature.  We  solve  the  steady- 
state  problem  of  a  paraboloidal  dendrite  at  temperature 
T(sub  M)  growing  toward  a  confocal  paraboloid  at  tem- 
perature T(sub  infinity)  located  at  a  distance  delta  from 
the  tip. 
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Rectangular  NiFe  stripes  as  small  as  1  x  5  microm 
were  fabricated  and  characterized  as  a  function  of  film 
thickness.  Gold  current  leads  were  sputtered  and  pat- 
terned onto  the  stripes  so  that  magnetoresistance 
measurements  could  be  performed.  A  uniform  in-plane 
magnetic  field  was  applied  transverse  to  the  stripe 
length  and  at  various  angles  from  the  perpendicular  di- 
rection. For  film  thicknesses  greater  than  10  nm,  the 
magnetoresistance  for  all  of  the  devices  had  large 
jumps  and  hysteresis  due  to  domain  formation.  As  the 
thickness  of  the  film  decreased  below  10  nm,  the  do- 
main structure  disappeared  for  stripe  heights  2  microm 
or  less.  Theoretical  calculations  of  the  magnetization 
reversals  were  obtained  using  a  numerical  implemen- 
tation of  the  Stoner-Wohlfarth  model  for  the  switching 
of  a  single-domain  ellipsoidal  particle. 
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The  critical  current  Ic  of  a  superconductor  is  a  quan- 
titative evaluation  of  its  current  carrying  capacity,  and 
is  defined  as  the  current  at  which  a  specified  electric 
field  criterion  Ec,  or  resistivity  criterion  Pc  is  achieved 
in  the  specimen.  Typical  electric  field  and  resistivity  cri- 
teria are  10  to  the  minus  one  microm  and  10  to  the 
minus  1 4th  power  omega  m,  respectively.  The  voltage- 
current  (V-1)  characteristic  of  the  superconductor  can 
be  modelled  by  the  empirical  equation  V  =  VO(IIIO)  sup 
n  where  10  is  the  observed  current  at  voltage  V0.  The 
value  of  n  can  be  thought  of  as  a  'figure  of  merit'  for 
the  conductor,  and  reflects  the  abruptness  of  the  tran- 
sition from  the  superconducting  to  the  normal  state, 
with  typical  values  ranging  from  1 0  to  1 00. 


04, 768 

PB96-1 47178       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (EEEL), 

Boulder,  CO.  Electromagnetic  Technology  Div. 

First  VAMAS  USA  Interlaboratory  Comparison  of 

High  Temperature  Superconductor  Critical  Current 

Measurements. 

Final  rept. 

L.  F.  Goodrich,  J.  A.  Wiejaczka,  A.  N.  Srivastava,  T. 

C.  Stauffer,  and  L.  T.  Medina.  1995,  4p. 

Pub.  in  Institute  of  Electrical  and  Electronics  Engineers 

Transactions  on  Applied  Superconductivity,  v5  pt1  n2 

p552-555Jun95. 

Keywords:  "High-Tc  superconductors,  "Critical  current, 
Comparative  evaluations,  Damage,  Homogeneity, 
Routing,  Standards,  Reprints. 

The  authors  conducted  an  interlaboratory  comparison 
of  critical  current  (Ic)  measurements  on 
Bi2Sr2Ca2Cu3O10  tapes  (2223).  The  study  includes 
measurements  from  six  participating  US  laboratories, 
with  NIST  as  the  central,  organizing  laboratory.  A  num- 
ber of  specimens  were  prepared  with  different  degrees 
of  instrumentation  to  isolate  sources  of  variability.  Most 
of  the  specimens  were  pre-measured  by  NIST  to  re- 
duce uncertainties  due  to  sample  variability.  Different 
specimen  routing  patterns  among  the  laboratories 
were  implemented  to  isolate  sources  of  variability  due 
to  the  specimen's  measurement  history. 
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It  is  typical  for  Nb3Sn-Cu  superconductor  specimens 
to  be  wound  into  coils  on  tubular  measurement 
mandrels  for  critical  current  measurements.  If  the  ther- 
mal contraction  of  the  mandrel  is  different  from  that  of 
the  specimen,  either  tensile  or  compressive  axial  strain 
could  develop  upon  cooling  from  room  temperature  to 
liquid  helium  temperature,  thus  affecting  the  measured 
critical  current  Id  .2.  The  amount  of  strain  depends  on 
the  magnitude  of  the  differential  contraction,  the  rel- 
ative strength  of  the  specimen  and  mandrel,  and  the 
mechanical  coupling  between  the  specimen  and  its 
mandrel. 
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An  interlaboratory  comparison  of  critical  current  (Ic) 
measurements  was  conducted  on  the  superconductor 
simulator,  which  is  an  electronic  circuit  that  emulates 
the  extremely  nonlinear  voltage-current  characteristic 
of  a  superconductor.  These  simulators  are  high  preci- 
sion instruments,  and  are  useful  for  establishing  the  in- 
tegrity of  part  of  a  superconductor  measurement  sys- 
tem. The  study  includes  measurements  from  partici- 
pating US  laboratories,  with  NIST  as  the  central,  orga- 
nizing laboratory.  This  effort  was  designed  to  deter- 
mine the  sources  of  uncertainty  in  Ic  measurements 
due  to  uncertainties  in  the  measurement  apparatus, 
technique,  or  the  analysis  system. 
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The  authors  have  measured  the  noise  of  YBa2Cu307- 
delta  superconductor-  normal-superconductor  (SNS) 
junctions  whose  high  normal-state  resistances  and 
characteristic  frequencies  make  them  suitable  for  THz 
frequency  mixers.  By  directly  measuring  the  1  GHz 
powerspectral  density  delivered  to  a  low-noise  50 
Ohms  radiometer  system,  thenoise  could  be  measured 
over  a  wide  range  of  dc  voltage  and  tempera- 
ture,without  complications  due  to  1/f  noise,  and  without 
invoking  any  specific  model.  The  effective  noise  tem- 
perature of  the  normal  resistanceis  approximately 
equal  to  the  physical  temperature  at  high  tempera- 
tures,but  approaches  a  limiting  value  at  low  tempera- 
tures, implying  an  excess  current  noise  of  unknown  ori- 
gin. 
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The  critical  current  (Ic)  of  a  NbTi  or  Nb3Sn 
superconductor  specimen  depends  on  its  temperature. 
The  pressure,  and  thus  the  liquid  helium  temperature, 
may  vary  between  laboratories  due  to  different  alti- 
tudes and  different  cryostats  used  for  the  Ic  measure- 
ment. Thus,  it  is  necessary  to  study  the  temperature 
dependence  of  the  specimen's  critical  current.  This 
paper  presents  measurements  of  Ic  as  a  function  of 
temperature  for  tests  carried  out  at  the  Technical  Uni- 
versity of  Vienna  (TUW)  and  the  National  Institute  of 
Standards  and  Technology  (NIST). 
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A  scattering  capacitance  microscope  (SCM)  has  been 
implemented  by  interfacing  a  commercial  contact- 
mode  atomic  force  microscope  (AFM)  with  a  high-sen- 
sitivity capacitance  sensor.  SCM  has  promise  as  a 
next-generation  dopant-profiling  technique  because 
the  measurement  is  inherently  two  dimensional,  has  a 
potential  spatial  resolution  limited  by  tip  diameter  of  at 
least  20  nm,  and  requires  no  current  carrying  metal- 
semiconductor  contact.  Different  capacitance  images 
have  been  made  with  the  SCM  of  a  variety  of  bulk- 
doped  samples  and  in  the  vicinity  of  pn  junctions  and 
homojunctions.  Also,  a  computer  code  has  been  writ- 
ten that  can  numerically  solve  Poisson's  equation  for 
a  model  SCM  geometry  by  using  the  method  of  col- 
location of  Gaussian  points. 
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The  effect  of  steps  in  the  (001)  surface  of  LaAI03  sub- 
strates on  the  microstructural  evolution  of 
heteroepitaxial  Ba2YCu307(7-x)  (BYC)  thin  films  were 
characterized  by  high  resolution  transmission  electron 
microscopy  (TEM)  and  atomic  force  microscopy 
(AFM).  Native  substrate  surface  steps  acted  as  nuclea- 
tion  sites  for  both  the  c-axis  normal  and  c-axis  in-plane 
(a-axis  normal)  orientations  in  BYC  films  prepared  by 
post-deposition  annealing  of  a  precursor  film.  The  den- 
sity of  c-axis  in-plane  BYC  grains  varied  dramatically 
across  the  surface  of  the  substrates.  In  several  sam- 
ples. The  spatial  pattern  of  c-axis  in-plane  regions 
present  in  the  BYC  films  was  similar  to  the  twin  struc- 
ture present  in  the  LaAI03  substrates. 
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The  authors  have  discovered  an  intense,  sharp  feature 
in  tunneling  spectra  of  the  Fe(001)  and  Cr(001)  sur- 
faces that  derives  from  a  bcc  surface  state  near  the 
Fermi  level.  Band-structure  calculations  show  that  this 
state  is  a  general  feature  of  bcc(001 )  surfaces,  and  that 
it  originates  from  a  nearly  unperturbed  d  orbital  extend- 
ing out  into  the  vacuum  region.  This  general  feature 
should  permit  chemical  identification  with  atomic  spa- 
tial resolution  on  bcc(001)  surfaces.  The  surface  state 
is  in  the  minority  spin  band  for  Fe  and  Cr,  so  it  should 
be  useful  for  future  spin-polarized  tunneling  experi- 
ments. 
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The  structure  of  Y2(ZrvTi1-y)20v  solid  solutions  pro- 
gressively changes,  with  increasing  y,  from  an  ordered 
pyrochlore  structure  space  group  Fd3m,  to  a  deflect- 
fluorite  structure  space  group  Fm3m,  at  y  =  0.90.  The 
anion  array  consists  of  three  independent  sites  0(1), 
0(2),  and  0(3),  occupying  positions  48f,  8a  and  8b, 
respectively,  of  which  8b  is  unoccupied  in  a  fully  or- 
dered pyrochlore.  Rietveld  powder-profile  analysis  of 
data  collected  with  1.5453-A  thermal  neutrons  was 
used  to  determine  the  structure  state  of  four  samples 
with  increasing  Zr  content  (y  =  0.30,  0.45,  0.60,  and 
0.90).  Refinements  that  employed  only  the  pyrochlore 
superstructure  intensity  data  provided  weighted  profile 
residuals  that  ranged  8.06  to  8.67%  compared  with  ex- 
pected values  of  7.13  to  7.87%  derived  from  counting 
statistics. 
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Single  crystals  and  powder  samples  of  Ca2Bi505  and 
Ca4Bi6013  have  been  synthesized  and  studied  using 
single  crystal  X-ray  diffraction  as  well  as  X-ray  and 
neutron  powder  diffraction.  Unit  cell  dimensions  were 
calculated  using  a  least  squares  analysis  that  refined 
to  a  delta  2  theta  of  no  more  than  0.03  degrees.  A 
triclinic  cell  was  found  with  space  group  P1,  a  = 
10.1222(7),  b  =  10.1466(6),  c  =  10.4833(7)  Angstroms. 
Alpha  =  116.912(5),  Beta  =  107.135(6)  and  gamma  = 
92.939(6),  Z  =  6  for  the  Ca2Bi205  compound.  An 
orthorhombic  cell  was  found  with  space  group  C2mm, 
a  =  17.3795(5),  b  =  5.9419(2)  and  c  =  7.2306(2) 
Angstroms,  Z  =  2  for  the  Ca4Bi601 3  compound. 
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Semiconductor  characterization  is  an  indispensable 
enabler  of  all  modern  microelectronics  and 
optoelectronic  circuit,  and  is  in  the  critical  path  for 
maintaining  the  steady  decline  in  cost-per-function  of 
silicon  integrated  circuit  technology.  It  is  also  driving 
new  developments  in  compound  semiconductor  mate- 
rials and  devices  (lll-V  and  ll-VI).  In  this  overview,  we 
present  a  perspective  on  measurement  technology  rel- 
ative to  business  and  economic  challenges  of  the 
semiconductor  industry,  and  illustrate  the  key  role  me- 
trology plays  in  modern  process  development  and 
manufacturing.  We  also  describe  how  new  character- 
ization techniques  evolve  for  semiconductor  applica- 
tions. 
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We  discuss  the  use  of  externally  applied  pressure  for 
determining  the  origin  of  the  peaks  in  absorption  spec- 
tra (and  related  spectra)  of  semiconductor 
heterostructures.  This  technique  depends  on  the  dif- 
ferent effective  mass  dependences  of  the  various 
types  of  heterostructure  energy  levels  involved  in  ab- 
sorption transitions,  such  as  electron,  heavy-hole, 
light-hole,  exciton,  and  defect  levels,  and  the  dissimilar 
pressure  dependences  of  the  various  masses.  Meas- 
urements of  the  hydrostatic  or  uniaxial  pressure 
dependences  of  the  spectral  peaks  thus  distinguish 
peaks  associated  with  these  different  types  of  energy 
levels.  The  approach  is  demonstrated  for  GaAs/ 
AIGaAs  quantum  wells  and  HgTe/HgCdTe 
superlattices  using  hydrostatic  pressure.  We  also  brief- 
ly discuss  the  use  of  externally  applied  uniaxial  pres- 
sure for  distinguishing  heavy-  and  light-hole-related 
peaks,  and  using  the  heavy-hole/light-hole  splitting  for 
determining  quantitatively  the  amount  of  built-in 
uniaxial  strain  in  the  heterostructure  layers. 

04,780 

PB96-1 64074       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (PL), 

Gaithersburg,  MD.  Electron  and  Optical  Physics  Div. 

SEMPA  Studies  of  Exchange  Coupling  in  Magnetic 

Multilayers. 

Final  rept. 

R.  J.  Celotta,  D.  T.  Pierce,  and  J.  Unguris.  1995,  4p. 
Pub.  in  MRS  Bulletin,  v20  n10  p30-33  Oct  95. 

Keywords:  "Exchange  coupling,  "Magnetic  multilayers, 
Reprints,  "Scanning  electron  microscopy,  Reflection 
high  energy  diffraction,  Scanning  tunneling  micros- 
copy. 

In  the  late  1980's,  a  number  of  exciting  yet  puzzling 
observations  resulted  from  experiments  investigating 
the  couplng  between  two  ferromagnetic  layers  sepa- 
rated by  a  nonferromagnetic  spacer  layer.  A  pioneering 
experiment  by  Grunberg  et  al.  showed  that  Fe  layers 
separated  by  a  thin  Cr  spacer  aligned  with  antiparallel 
magnetization,  but  with  Au  as  the  spacer  layer,  a  par- 
allel alignment  occured.  The  long-range  magnetic 
dipole  from  each  layer  would  tend  to  explain 
antiparallel  alignment;  small  pinholes  in  the  spacer 
layer  would  produce  parallel  alignment.  Alternatively, 
the  layers  might  be  coupled  through  the  spacer-layer 


conduction  electrons  by  the  Ruderman-Kittel-Kasuya- 
Yosida  (RKKY)  effects.  This  was  expected  to  produce 
an  oscillation  in  coupling  as  the  spacer  thickness  in- 
creased, that  is  an  oscillation  between  parallel  and 
antiparallel  alignment.  Oscillatory  coupling  was  first  ob- 
served by  Parkin  et  al.  Researchers  had  also  found 
that,  at  spacer  thickness  where  antiparallel  alignment 
occured,  the  Fe/Cr/Fe  system  can  exhibit  a  giant 
magnetoresistance  (GMR)  effect,  that  is,  an  anoma- 
lously large  change  in  resistance  when  a  magnetic  field 
is  applied.  The  potential  technological  importance  of 
the  GMR  effect  to  magnetic  sensing  and  magnetic  in- 
formation storage  added  further  impetus  to  the  already 
rapidly  growing  area  of  research  in  magnetic 
multilayers. 
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A  scanning  capacitance  microscope  (SCM)  for  the  two- 
dimensional  profiling  of  dopants  in  silicon  has  been  im- 
plemented by  interfacing  a  commercial  atomic  force 
microscope  (AFM)  with  a  high  densitivity  capacitance 
sensor.  The  AFM  is  used  to  control  the  position  of  a 
conducting  tip  and  measure  surface  topography,  while 
other  electonics  are  used  to  control  and  record  a  simul- 
taneous measurement  of  the  capacitance-voltage  (C- 
V)  response  between  the  tip  and  a  semiconductor.  The 
operation  of  the  SCM  has  been  quantified  by  acquiring 
differential  capacitance  images  of  a  variety  of  lateral 
pn-junctions  and  uniformly  doped  silicon  samples.  The 
shape  of  the  C-V  response  between  the  AFM  tip  and 
oxidized  silicon  has  been  measured.  Also,  a  computer 
code  has  been  written  to  solve  poisson's  equation  for 
the  SCM  geometry  in  three  dimensions  by  using  the 
method  of  collocation  of  Gaussian  points.  The  purpose 
of  the  SCM  modeling  is  to  extract  the  dopant  profile 
from  the  SCM  measurement. 
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Several  expressions,  suitable  as  reference  relations, 
pertaining  to  the  composition  and  temperature  depend- 
encies of  the  properties  of  orthorhombic  YBA2Cu30x 
superconductors  have  been  derived  from  statistical  as- 
sessments of  collections  of  data  from  independent  ex- 
perimental studies.  Relations  are  given  for  (1)  the  criti- 
cal temperature  vs  oxygen  contents,  (2)  the  lattice  pa- 
rameters at  room  temperature  vs  oxygen  content,  (3) 
the  lattice  parameters  at  fixed  oxygen  content  vs  tem- 
perature, (4)  the  anisotropic  thermal  expansion  vs  tem- 
perature, (5)  the  isotropic  polycrystalline  thermal  ex- 
pansion vs  temperature,  and  (6)  the  mass  density  vs 
temperature. 
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Neutron  powder  diffraction  (NPD)  measurements  of 
the  rare-earth  deuteride  LaD2.50  were  undertaken  be- 
tween 10  and  430  K.  Rietveld  refinements  indicated 
that,  above  approximately  385  K,  the  LaD2.50  struc- 
ture is  cubic  (Fm3m)  with  deuterium  fully  occupying  the 
terrahedral  (t)  interstices  of  the  fee  La  lattice  and  the 
excess  deuterium  occupying  a  portion  of  the  octahe- 
dral (o)  interstices  with  full  statistical  disorder.  As  the 
temperature  is  decreased  below  approximately  385  K, 
the  LaD2.50  structure  undergoes  a  tetragonal  distor- 
tion concomitant  with  the  onset  of  deuterium  long- 
range  order  (141  amd)  in  the  o  sublattice,  similar  to  pre- 
vious structural  results  for  the  light-rare-earth 
deuterides  RD2+x  for  0.3  less  than  x  less  than  0.5. 
Fully  developed  long-range  order  is  established  in  the 
vicinity  of  200  to  230  K. 
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The  Rietveld  method  entails  the  calculation  of  a  pow- 
der diffraction  pattern  from  crystallographic, 
microstructural  and  equipment  characteristics.  These 
characteristics  are  related  to  the  form  of  the  pattern 
through  a  series  of  model  functions.  The  difference  be- 
tween an  observed  and  calculated  pattern  is  then  mini- 
mized by  sequentially  refining  the  physical  parameters 
contained  within  the  model  functions  to  obtain  an  accu- 
rate and  precise  desceiption  of  the  specimen.  A  pow- 
der diffraction  pattern  from  a  specimen  exhibiting 
crystallographic  texture,  or  preferred  orientation,  will 
display  intensity  values  which  differ  systematically  from 
those  calculated  for  a  specimen  of  random  orientation. 
This  systematic  discrepancy  can  be  addressed  by  in- 
corporating into  the  Rietveld  refinement  a  model  func- 
tion for  sample  texture.  A  successful  model  for  texture 
will  accurately  assess  the  phase  abundance  and  de- 
gree of  texture  from  both  oriented  and  randomized 
specimens.  In  this  study  the  authors  use  the  March- 
Dollase  model  function  to  characterize  texture  devel- 
opment in  sintered  alumina  with  respect  to  processing 
variables  and  sintering  time. 
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Dielectric  relaxation  spectroscopy  provides  a  sensitive 
measure  of  the  local  environment  surrounding  molecu- 
lar dipoles.  In  the  examination  of  polymers,  it  is  cus- 
tomary to  record  the  complex  dielectric  constant 
e(star)(v)=e'(v)+ie'(v)  as  a  function  of  frequency  v.  The 
form  of  the  spectra  can  often  be  related  to  aspects  of 
specimen  structure.  For  example,  the  distribution  of 
local  environments  that  arise  due  to  concentration  fluc- 
tuations in  polymer  blends  and  diblock  copolymers  has 
been  characterized  using  this  technique.  Further  infor- 
mation concerning  the  dipolar  magnitude  as  well  as 
local  geometric  constraints  can  also  be  obtained 
through  accurate  measurement  of  the  dielectric  disper- 
sion magnitude. 
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The  fourth  in  a  series  of  workshops  was  held  at  NIST 
on  March  4th  and  5th,  1996  to  discuss  the  character- 
ization of  diamond  films  and  the  need  for  standards  in 
diamond  technology.  The  audience  targeted  for  this 
workshop  were  the  producers  and  potential  users  of 
chemical  vapor  deposited  (CVD)  diamond  technology 
in  the  United  States.  Two  technical  topics  that  have  rel- 
evance to  applications  of  CVD  diamond  were  dis- 
cussed; adhesion  of  CVD  diamond  to  cutting  tool  mate- 
rials and  standardization  of  thermal  conductivity  meas- 
urement for  heat  spreading  applications.  A  new  round- 
robin  of  thermal  conductivity  measurements  was 
planned  which  will  utilize  specimens  having  signifi- 
cantly better  homogeneity  than  those  used  in  a  pre- 
vious round  robin. 
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The  nucieation  and  growth  kinetics  of  epitaxial 
Ba2YCu30(7-x)  thin  films  prepared  on  (001)  SrTi03 
by  postdeposition  annealing  of  a  chemically  derived  in- 
termediate layer  were  investigated  in  specimens 
quenched  from  the  growth  anneal.  The  films  were  pro- 
duced by  spin-on  deposition  of  a  metal-organic  precur- 
sor solution  at  room  temperature  and  ambient  pres- 
sure, and  subsequent  postdeposition  annealing  to  form 
Ba2Ycu30(7-x)  (BYC).  Integrated  x-ray  intensities  of 
reflections  from  the  majority,  c-axis-normal  epitaxial 
BYC  in  the  films  were  analyzed  as  a  function  of  time 
at  annealing  temperature.  The  linear  transformation  ki- 
netics suggest  the  growth  process  is  controlled  by  mo- 
lecular processes  at  the  BY/intermediate  interface,  and 
is  not  rate  limited  by  diffusion. 
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The  authors  consider  a  general  class  of  multiple-order- 
parameter  models  which  represent  the  diffuse  inter- 
face of  a  first-order  phase  transition  with  anisotropic 
surface  energy  and  kinetics.  They  show  that  in  the 
sharp  interface  limit,  it  is  possible  to  construct  a  xi-vec- 
tor  and  they  derive  the  three-dimensional  form  of  the 
Gibbs-Thomson  equation.  Moreover  they  develop  the 
notion  of  a  stress  tensor  for  diffuse  interface  theories 
and  show  that  it  may  be  used  to  derive  the  equilibrium 
conditions  for  edges  in  interfaces  as  well  as  multiple 
functions.  The  authors  also  show  that  when  edges 
form  in  the  special  case  of  a  phase-field  model,  a  weak 
shock  forms  in  which  the  spatial  derivatives  of  the 
phase  field  are  not  continuous,  and  they  derive  the 
jump  conditions. 
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The  National  Semiconductor  Metrology  Program 
(NSMP)  is  a  NIST-wide  effort  designed  to  meet  the 
highest  priority  measurement  needs  of  the  semi- 
conductor industry  as  expressed  by  the  National  Tech- 
nology Roadmap  for  Semiconductors  and  other  au- 
thoritative industry  sources.  The  NSMP  was  estab- 
lished in  1994  with  a  strong  focus  on  mainstream  sili- 
con CMOS  technology  and  an  ultimate  funding  goal  of 
$25  million  annually.  Current  annual  funding  of  ap- 
proximately $11  million  supports  the  23  internal 
projects  which  are  summarized  in  this  Project  Portfolio 
booklet. 
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The  authors  have  developed  a  reliable  process  to  fab- 
ricate high-quality  YBa2Cu30(7-x)  (YBCO) 
superconductor  normal  metal-superconductor  (SNS) 
step-edge  junctions  and  SQUIDs  over  YBCO  ground 
planes.  These  multilevel  circuits  employ  thin  films  of 
SrTi03  and  NdGa03  as  the  insulating  layer  between 
the  active  device  and  the  ground  plane  and  use  Ag  as 
the  normal  metal  in  the  Josephson  junction.  The  repro- 
ducibility and  uniformity  of  the  junctions  are  better  than 
our  single-level  devices  grown  directly  on  step  edges 
cut  into  single-crystal  substrates.  Here  the  critical  cur- 
rent variation  among  junctions  on  a  single  wafer  is  less 
than  a  factor  of  2.  Junctions  grown  on  thin-film  step 
edges  of  SrTi03  have  critical  currents  near  2  MA  at 
4K,  while  those  grown  on  NdGa03  step  edges  have 
critical  currents  near  0.5  mA  at  4  K. 
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The  progress  report,  in  addition  to  describing  recent 
work  in  the  authors'  laboratory,  highlights  the  general 
character  and  importance  of  electron  collisions  with 
highly-charged  ions  (HCI)  and  describes  major  ad- 
vances in  the  field  since  the  previous  conference  on 
the  subject.  Thus,  while  the  authors'  principle  efforts 
are  currently  directed  toward  investigation  of  excitation 
of  HCI,  there  have  been  very  notable  advances  by  oth- 
ers in  the  areas  of  ionization  and  recombination  and 
an  attempt  is  made  to  put  these  into  context  of  the  field 
in  general.  Also,  for  the  first  time,  significant  progress 
is  now  being  made  by  others  in  experimental  investiga- 
tion of  elastic  scattering  electrons  from  HCI. 
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The  authors  investigate  a  hot-electron 
microcalorimeter  for  X-ray  detection.  The  X-ray  ab- 
sorber consists  of  a  normal  metal  film  in  thermal  and 
electrical  contact  with  a  superconducting  transition- 
edge  sensor.  The  sensor  is  formed  by  a  proximity-ef- 
fect bilayer  of  aluminum  and  silver,  with  a  sharp 
superconducting  transition  near  100  mK.  Energy  from 
X-rays  absorbed  in  the  normal  film  is  removed  by  a 
reduction  of  the  Joule  heating  in  the  proximity  bilayer 
due  to  electrothermal  feedback  and  measured  using 
a  SQUID.  The  feedback  mode  of  operation  allows  the 
measurement  of  incident  energy  with  no  free  param- 
eters and  should  lead  to  improvement  in  detector  reso- 
lution over  existing  hot-electron  microcalorimeters. 
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The  author  presents  measurements  on  hot-electron 
microcalorimeter  with  a  normal-insulator 
superconductor  tunnel-junction  thermometer  that  is 
used  for  the  detection  of  X-rays.  With  an  absorber  area 
of  0.5  mm  by  0.5  mm,  pulses  of  20-  micrometers  in 
duration  were  observed  that  gave  a  30  eV  FWHM  reso- 
lution for  6  keV  X-rays  and  an  18  eV  resolution  for  heat 
pulses.  This  detector  has  sufficient  resolution,  detector 
area,  and  speed  to  warrant  application  in  materials 
analysis. 
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Final  rept. 

R.  H.  Ono,  L.  R.  Vale,  C.  D.  Reintsema,  G.  Kunkel, 
and  S.  J.  Berkowitz.  1995,  3p. 
Pub.  in  International  Superconductive  Electronics  Con- 
ference (5th)  (ISEC  '95),  Nagoya,  Japan,  September 
18-21,  1995,  p1 14-1 16. 

Keywords:  "Josephson  junctions,  "Current  density, 
High  temperature,  Superconductors,  Reprints,  SNS 
junctions. 

High-Tc  Josephson  junctions  have  been  made  using 
a  step-edge  super-conductor-normal-conductor  (SNS) 
process  where  the  critical  current  density  has  been 
controlled  by  the  geometric  length  of  the  N  region.  The 
authors  will  discuss  techniques  for  controlling  the  criti- 
cal current  while  simultaneously  adjusting  the  normal 
resistances. 
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A.  Roshko,  L.  F.  Goodrich,  D.  A.  Rudman,  R. 
Moerman,  and  L.  R.  Vale.  1995,  4p. 
Pub.  in  Jnl.  of  Electronic  Materials,  v24  n12  p1919- 
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The  influence  of  microstructure  on  the  critical  current 
density  of  laser  ablated  YBa2Cu307  thin  films  has 
been  examined.  Scanning  tunneling  microscopy  was 
used  to  examine  the  morphologies  of  YBa2Cu307 
films  and  the  morphology  data  were  then  correlated 
with  measurements  of  the  critical  current  density.  The 
films  were  found  to  grow  by  an  island  nucleation  and 
growth  mechanism.  The  critical  current  densities  of  the 
films  are  similar  to  those  of  films  with  screw  dislocation 
growth,  indicating  that  screw  dislocation  growth  is  not 
necessary  for  good  pinning.  The  data  suggest  that  the 
critical  current  density  in  applied  magnetic  field  may  be 
higher  in  films  with  higher  densities  of  growth  features. 
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Time-Resolved  Measurements  of  the  Polarization 
State  of  Four-Wave  Mixing  Signals  from  GaAs  Mul- 
tiple Quantum  Wells. 
Final  rept. 
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Pellegrino.  1996,  10p. 
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The  complete  polarization  state  of  the  degenerate  four- 
wave  mixing  signal  from  a  GaAs/AI2Ga1-xAs  multiple 
quantum  well  is  determined  by  time  resolution  of  all 
four  of  its  Stokes  parameters  as  a  function  of  the  rel- 
ative angle  between  the  two  linear  input  polarizations. 
The  degree  of  ellipticity  and  the  orientation  of  the  polar- 
ization ellipse  are  both  observed  to  vary  dramatically 
in  time,  and  the  temporal  evolution  is  found  to  be  con- 
sistent with  previous  measurements  of  the  time-inte- 
grated Stokes  parameters  and  to  provide  new  con- 
straints for  physical  models.  The  results  are  shown  to 
be  qualitatively  consistent  with  a  phenomenological 
model  requiring  the  inclusion  of  both  many-body  inter- 
actions and  biexcitonic  effects. 
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A  history  of  the  development  of  the  diamond  anvil  high 
pressure  cell  at  the  National  Institute  of  Standards  and 
Technology  (formerly  NBS)  in  the  late  1950's  is  given 
along  with  a  description  of  the  contributions  made  by 
the  four  co-inventors  of  the  device. 
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Contents: 

CRYSTMET-The  NRCC  Metals  Crystallographic 
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Inorganic  Crystal  Structure  Database  (ICSD)  and 
Standardized  Data  and  Crystal  Chemical 
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and  Crystallographers; 

Evaluation  of  Crystallographic  Data  with  the 
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Troublesome  Crystal  Structures: 
Prevention,  Detection,  and  Resolution; 
CIF  (Crystallographic  Information  File): 
A  Standard  for  Crystallographic  Data  Interchange; 
The  Role  of  Journals  in  Maintaining  Data  Integrity: 
Checking  of  Crystal  Structure  Data  in  Acta 

Crystallographica; 
Electronic  Publishing  and  the  Journals  of  the 

American  Chemical  Society; 
How  the  Cambridge  Crystallographic  Data  Center 

Obtains  its  Information; 
Data  Import  and  Validation  in  the  Inorganic 

Crystal  Structure  Database; 
World  Wide  Web  for  Crystallography; 
Workshop  Highlights. 
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Included  in  Jnl.  of  Research  of  the  National  Institute 
of  Standards  and  Technology,  v101  n3  p205-215  May/ 
Jun96. 
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"Information  systems,  Alloys,  Intermatallic  compounds, 
Numeric  data,  Crystal  structure,  Online  systems, 
Searching,  Software  tools,  Database  management. 

CRYSTMET  is  a  computer-readable  database  of  criti- 
cally evaluated  crystallographic  data  for  metals  (includ- 
ing alloys,  intermerallics  and  minerals)  accompanied 
by  pertinent  chemical,  physical  and  bibliographic  infor- 
mation. It  currently  contains  about  60,000  entries  and 
covers  the  literature  exhaustively  from  1913.  Scientific 
editing  of  the  abstracted  entries,  consisting  of  numer- 
ous automated  entries,  consisting  of  numerous  auto- 
mated and  manual  checks,  is  done  to  ensure  consist- 
ency with  related,  previously  published  studies,  to  as- 
sign structure  types  where  necessary  and  to  help  guar- 
antee the  accuracy  of  the  data  and  related  information. 
Analyses  of  the  entries  and  their  distribution  across  key 
journals  as  a  function  of  time  show  interesting  trends 
in  the  complexity  of  the  compounds  studied  as  well  as 
in  the  elements  they  contain.  Two  applications  of 
CRYSTMET  are  the  identification  of  unknowns  and  the 
prediction  of  properties  of  materials.  CRYSTMET  is 
available  either  online  or  via  license  of  a  private  copy 
from  the  Canadian  Scientific  Numeric  Database  Serv- 
ice (CAN/SND).  The  indexed  online  search  and  analy- 
sis system  is  easy  and  economical  to  use  yet  fast  and 
powerful.  Development  of  a  new  system  is  under  way 
combining  the  capabilities  of  ORACLE  with  the  flexibil- 
ity of  a  modern  interface  based  on  the  Netscape 
browsing  tool. 
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Powder  Diffraction  File:  Past,  Present,  and  Future. 

D.  K.  Smith,  and  R.  Jenkins.  1996,  13p. 
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The  Powder  Diffraction  file  has  been  thte  primary  ref- 
erence for  Powder  Diffraction  Data  for  more  than  half 
a  century.  The  file  is  a  collection  of  about  65,000  re- 
duced powder  patterns  stored  as  sets  of  d/l  data  along 
with  the  appropriate  crystallographic,  physical  and  ex- 
perimental information.  This  paper  reviews  the  devel- 
opment and  growth  of  the  PDF  and  discusses  the  role 
of  the  ICDD  in  the  maintenance  and  dissemination  of 
the  file. 
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The  NIST  Crystal  and  Electron  Diffraction  Data  Center 
builds  a  comprehensive  database  with  evaluated 
chemical,  physical,  and  crystallographic  information  on 
all  types  of  well-characterized  substances.  The  data 
are  evaluated  and  standardized  by  specially  designed 
computer  programs  as  well  as  by  experts  in  the  field. 
From  its  master  database,  the  Data  Center  produces 
NIST  Crystal  Data  and  an  Electron  Diffraction 
Database  with  over  220,000  and  81,000  entries,  re- 
spectively. These  distribution  databases  are  made 
available  to  the  scientific  community  via  CD-ROM,  sci- 
entific community  via  CD-ROM,  scientific  instruments 
and  online  systems.  In  addition,  the  Data  Center  has 
developed  theory  and  software  that  can  be  used  for 
establishing  all  types  of  lattice  relationships,  for  the  de- 
termination of  symmetry,  for  the  identification  of  un- 
knowns using  lattice  matching  techniques,  and  for  data 
evaluation. 
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The  crystallographic  database  are  powerfull  and  cost- 
effective  tools  for  solving  materials  identification  prob- 
lems, both  individually  and  in  combination.  Examples 
of  the  conventional  and  unconventional  use  of  the 
databases  in  solving  practical  problems  involving  or- 
ganic, coordination,  and  inorganic  compounds  are  pro- 
vided. The  creation  and  use  of  fully-relational  versions 
of  the  Powder  Diffraction  File  and  NIST  Crystal  Data 
are  described. 
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NIST  Crystal  Data  developed  at  The  National  Institute 
for  Standards  and  Technology  has  been  incorporated 
with  Siemens  single  crystal  software  for  data  collection 
on  four-circle  and  two-dimensional  CCD 
diffractometers.  Why  this  database  is  useful  in  the 
process  of  single  crystal  structure  determination,  and 
how  the  database  is  searched,  are  described.  Ideas 
for  future  access  to  this  and  other  databases  are  pre- 
sented. 


04,804 

PB97-109128  (Order  as  PB97-109011,  PC  A11/ 
MF  A03) 

Sandia  National  Labs.,  Albuquerque,  NM.  Materials 
and  Process  Sciences  Center. 
Phase  Identification  in  a  Scanning  Electron  Micro- 
scope Using  Backscattered  Electron  Kikuchi  Pat- 
terns. 

R.  P.  Goehner,  and  J  R.  Michael.  1996,  8p. 
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Backscattered  electron  Kikuchi  patterns  (BEKP)  suit- 
able for  crystallographic  phase  analysis  can  be  col- 
lected in  the  scanning  electron  microscope  (SEM)  with 
a  newly  developed  charge  coupled  device  (CCD) 
based  detector.  Crystallographic  phase  identification 
using  BEKP  in  the  SEM  is  unique  in  that  it  permits  high 
magnification  images  and  BEKP's  to  be  collected  from 
a  bulk  specimen.  The  combination  of  scanning  electron 
microscope  (SEM)  imaging,  BEKP,  and  energy  disper- 
sive x-ray  spectrometry  holds  the  promise  of  a  power- 
ful new  tool  for  materials  science. 
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The  Crystallographic  Information  File  (CIF)  uses  the 
self-defining  STAR  file  structure.  This  requires  the  cre- 
ation of  a  dictionary  of  data  names  and  definitions.  A 
basic  dictionary  of  terms  needed  to  describe  the  crystal 
structures  of  small  molecules  was  approved  in  1991 
and  is  currently  used  for  the  submission  of  papers  to 
Acta  Crystallographica  C.  A  number  of  extensions  to 
this  dictionary  are  in  preparation.  By  storing  the  diction- 
ary itself  as  a  STAR  file,  the  definitions  and  relation- 
ships in  the  CIF  dictionary  become  computer  interpret- 
able.  This  offers  many  possibilities  for  the  automatic 
handling  of  crystallographic  information. 
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Quality  control  of  the  papers  in  its  journals  is  a  major 
concern  of  the  International  Union  of  Crystallography. 
Recent  technology  development,  not  least  the  emer- 
gence of  a  standard  data  interchange  file  format,  have 
facilitated  the  checking  of  numerical  data  in  a  paper, 
and  its  error-free  transference  to  the  printed  page. 
Consequently,  database  holdings  derived  from  lUCr 


journals  will  be  of  greater  accuracy.  Other  publishers 
of  crystallographic  data  may  benefit  from  these  innova- 
tions. 
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The  American  Chemical  Society  is  developing  a  num- 
ber of  initiatives  that  implement  emerging  electronic 
technologies  in  order  to  provide  a  broad  range  of  prod- 
ucts and  services  to  members  and  subscribers.  Exam- 
ples of  products  currently  available,  or  under  develop- 
ment, for  access  via  the  World  Wide  Web  include  sup- 
porting information  for  journals,  Electronic  ads,  color 
graphics  and  entire  journals.  Other  activities  employ  e- 
mail,  CD-ROMs,  and  softcopy  text. 
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This  paper  is  concerned  with  the  acquisition  of  supple- 
mentary information,  both  hardcopy  and  electronic. 
Special  arrangements  with  major  journals  are  dis- 
cussed and  plans  announced  for  the  deposition  of  pri- 
vate communications  using  an  electronic  deposition 
form. 
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In  the  following  paper  the  input  procedures  for  the  Inor- 
ganic Crystal  Structure  Database  (ICSD)  will  be  out- 
lined. The  input  flow  of  the  data  is  explained.  Since  the 
data  have  been  excerpted  from  journal  articles  a 
bibliometric  analysis  of  the  relevant  literature  is  pre- 
sented. The  types  of  data  and  the  form  in  which  they 
are  recorded  are  discussed.  Finally,  illustrations  are 
given  of  the  importance  of  data  checking  and  the  data 
checking  procedures  are  described  in  detail. 
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Some  characteristics  of  the  World  Wide  Web  (WWW) 
and  its  Virtual  Library  (W3VL)  are  described.  Aspects 
of  the  setting  up,  maintenance,  future  development 


and  objectives  of  the  World  Wide  Web  Virtual  Library: 
Crystallography  are  detailed.  An  overview  of  the  suc- 
cessful use  of  WWW  in  the  organization  of  two 
crystallographic  conferences  and  one  entirely  elec- 
tronic conference  is  given.  A  revolution  in  scientific 
publication  is  under  way  with  the  introduction  of  WWW 
and  CD-ROM  technologies  and  a  few  of  the  points  im- 
portant to  crystallography  are  touched  upon.  An  appli- 
cation to  distance  teaching  in  crystallography  is  de- 
scribed. There  is  no  mention  of  WWW  applications  to 
crystallographic  databases  in  this  paper  as  others  at 
the  Workshop  have  adequately  described  their  work. 
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The  ongoing  computer  revolution  is  causing  changes 
in  all  crystallographic  data  activities  and  is  blurring  dis- 
tinctions between  what  have  traditional  been  inde- 
pendent efforts.  As  computer  technology  removes  bar- 
riers in  data  storage,  retrieval,  and  networking,  unprec- 
edented opportunities  arise  to  achive  the  dream  of  all 
crystallographers:  easy  access  to  all  crystallographic 
data.  One  topic  stressed  was  the  importance  of  quality 
throughout  all  stages  of  the  data  flow  including  collec- 
tion, publication,  and  incorportaion  into  a  database.  A 
second  major  focus  was  software  tools.  Many  v  ers 
emphasized  that  use  and  accepatance  of 
crystallographic  databases  by  the  general  scientific 
community  is  directly  related  to  the  availability  and 
quality  of  the  search  tools.  A  third  theme  was  related 
to  access  and  availability  of  all  the  information.  Among 
the  questions  raised  were:  how  data  will  be  made  avail- 
able to  the  user  community,  and  'Who  will  be  the  power 
brokers  in  the  future  technologies.  Issues  such  as 
these  demonstrate  the  need  among  the  representa- 
tives of  the  various  data  activities  for  future  meetings 
to  foster  a  continuing  dialog.  In  addition,  many 
attendees  emphasized  the  need  for  much  greater  co- 
operation among  the  data  centers,  among  the  journals 
and  the  date  centers,  and  among  users  and  the  data 
centers. 


04,812 

PB97-1 1 241 1       Not  available  NTIS 

National  Inst,  of  Standards  and  Technology  (MSEL), 

Gaithersburg,  MD.  Reactor  Radiation  Div. 

Neutron  Scattering  Study  of  Antiferromagnetic 

Order  in  the  Magnetic  Superconductors  RNi2B2C. 

Final  rept. 

J.  W.  Lynn,  Q.  Huang,  S.  K.  Sinha,  R.  Nagarajan,  C. 
Godart,  Z.  Hossain,  and  L.  C.  Gupta.  1996,  3p. 
Pub.  in  Physica  B,  v223  and  224  p66-68  1 996. 

Keywords:  "Superconductors,  "Neutron  scattering, 
"Magnetic  order,  Reprints. 

Neutron  diffraction  has  been  used  to  investigate  the 
magnetic  order  and  crystallography  of  RNi2B2C.  For 
R  =  Dy  the  magnetic  order  that  develops  at  10  K  con- 
sists of  ferromagnetic  sheets  of  spins  in  the  tetragonal 
a-b  plane  which  are  stacked  antiferromagnetically 
along  the  c-axis.  An  identical  magnetic  order  is  ob- 
served for  R  =  Ho  at  low  T,  while  from  approximately 
5  K  to  T(N)  approximately  equal  to  8  K  each  layer  along 
the  c-axis  is  rotated  by  163  degrees  to  form  a  spiral 
state,  which  strongly  couples  the  magnetic  order  to  the 
superconductivity.  Small  a-axis  peaks  are  also  ob- 
served in  a  narrow  temperature  range,  but  the  c-axis- 
peaks  are  dominant.  In  ErNi2B2C(Tc  =  11  K)  an 
antiferromagnetic  a-axis  spin  density  wave  stage  de- 
velops below  T(N)  =  6.8  K,  which  readily  coexists  with 
the  superconductivity  indicating  that  weak  coupling  oc- 
curs between  this  type  of  magnetic  state  and  the 
superconducting  state.  There  is  no  evidence  of  mag- 
netic order  for  either  R  =  Ce  or  R  =  Y. 
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The  authors  report  on  a  metrological  application  of  the 
single  electron  tunneling  (SET)  phenomena:  a  precise 
measurement  of  the  ratio  of  two  cryogenic  capacitors. 
The  measurement  used  a  superconducting  SET  elec- 
trometer as  the  null  detector  for  a  capacitance  bridge. 
They  have  achieved  a  3-ppm  level  of  imprecision  in 
the  measurement  of  capacitance  ratio  from  100  to 
1000  Hz.  They  used  custom-made  cryogenic  vacuum- 
gap  capacitors,  which  have  a  leakage  resistance  of  no 
less  than  1 0(1 9)  omega.  Further  improvements  can  be 
made  in  the  attempt  to  obtain  an  imprecision  of  10(- 
8)  at  lower  frequencies,  sufficient  for  the  metrological 
measurement  of  capacitance  or  the  fine-structure  con- 
stant using  an  SET  pump. 
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The  majority  electron  and  minority  hole  mobilities  were 
calculated  in  Gal-yAlyAs  for  donor  densities  between 
10  to  the  16th  power  and  10  to  the  19th  power  to  the 
minus  3  power.  Similarly,  the  majority  hole  and  minority 
electron  mobilities  were  calculated  for  acceptor  den- 
sities between  10  to  the  16th  power  and  10  to  the  20th 
power  to  the  minus  3  power.  The  mole  fraction  of  AlAs, 
y,  varies  between  0.0  and  0.3  in  these  calculations.  All 
the  important  scattering  mechanisms  have  been  in- 
cluded. The  ionized  impurity  and  carrier-carrier  scatter- 
ing processes  were  treated  with  a  quantum-mechani- 
cal, phase-shift  analysis.  These  calculations  are  the 
first  to  use  a  phase-shift  analysis  for  minority  carriers 
scattering  from  majority  carriers  in  ternary  compounds 
such  as  Gal-yAlyAs.  The  results  are  in  good  agree- 
ment with  experiment  for  majority  mobilities  and  predict 
that  at  high  dopant  densities  minority  mobilities  should 
increase  with  increasing  dopant  density  for  a  short 
range  of  densities.  This  effect  occurs  because  of  the 
reduction  of  plasmon  scattering  and  the  removal  of  car- 
riers from  carrier-carrier  scattering  due  to  the  Pauli  ex- 
clusion principle. 


04.815 

PB97-119408       Not  available  NTIS 
National  Inst,  of  Standards  and  Technology  (EEEL), 
Boulder,  CO.  Electromagnetic  Technology  Div. 
Vortex  Images  in  Thin  Films  of  YBa2Cu30(sub  7- 
x)  and  Bi2Sr2Ca1Cu20(sub  8+x)  Obtained  by  Low- 
Temperature  Magnetic  Force  Microscopy. 
Final  rept. 

C.  W.  Yuan,  Z.  Zheng,  A.  L.  deLozanne,  J.  N. 
Eckstein,  M.  Tortonese,  and  D.  A.  Rudman.  1996, 
4p. 

Pub.  in  Jnl.  of  Vacuum  Science  and  Technology,  v14 
n2p1210-1213Mar96. 

Keywords:  'Microscopy,  'Thin  films,  'Magnetic  force 
microscopy,  'Superconductors,  High  temperature, 
Vortices,  Reprints. 

The  authors  have  imaged  vortices  in  superconducting 
thin  films  with  a  low-temperature  magnetic  force  micro- 
scope that  utilizes  microfabricated  piezoresistive  canti- 
levers with  built-in  tips.  The  films  of  YBa2Cu307-x  and 
Bi2Sr2Ca1Cu208+x,  are  made  by  laser  ablation  and 
molecular  beam  epitaxy,  respectively.  The  vortices 
usually  appear  as  round  features  in  the  noncontact 
image  with  a  diameter  of  about  1  micrometer  or  slightly 


less.  In  some  cases  the  position  of  the  vortices  is  cor- 
related to  defects  observed  in  the  topographic  image 
of  the  same  area.  The  vortices  move  sometimes,  espe- 
cially after  taking  a  topographic  (contact  mode)  scan. 
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In  the  paper  the  authors  present  a  new  formulation  of 
a  large  class  of  phase-field  models,  which  describe  so- 
lidification of  a  pure  material  and  allow  for  both  surface 
energy  an  interface  kinetic  anisotropy,  in  terms  of  the 
Hoffman-Cahn  epsilon-vector.  The  Hoffman-Cahn  ep- 
silon-vector  has  previously  been  used  in  the  context 
of  sharp  interface  models,  where  it  provides  an  elegant 
tool  for  the  representation  and  analysis  of  interfaces 
with  anisotropic  surface  energy.  The  authors  show  that 
the  usual  gradient-energy  formulations  of  anisotropic 
phase-field  models  are  expressed  in  a  natural  way  in 
terms  of  the  epsilon-vector  when  apprpriately  inter- 
preted. They  use  this  new  formulation  of  the  phase- 
field  equations  to  provide  a  concise  derivation  of  the 
Gibbs-Thomson-Herring  equation  in  the  sharp-inter- 
face limit  in  three  dimensions. 
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A  method  for  the  algebraic  approximation  of  attractors 
recently  developed  by  Foias  and  Temam  is  adapted 
for  application  to  autonomous  galloping  oscillators.  We 
compare  results  obtained  by  algebraic  approximation 
on  the  one  hand  and  numerical  integration  on  the 
other.  We  conclude  with  an  assessment  of  the  limita- 
tions of  the  method  as  applied  to  our  systems. 
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A  simple  error-estimate  technique  using  commercially 
available  general  purpose  finite  element  codes  to  solve 
a  class  of  engineering  problems  is  presented.  The 
technique  is  based  on  the  assumption  that  the  class 


of  engineering  problems  to  be  solved  can  be  simplified 
to  a  new  class  having  known  analytical  solutions.  A 
two-phase  procedure  is  developed  where  a  series  of 
successively-refined  mesh  designs  with  acceptable 
error  estimates  for  the  simplified  class  of  problems  is 
used  to  guide  the  finite  element  modeling  of  the  actual 
engineering  problem.  To  illustrate  the  procedure,  an 
application  in  the  preliminary  design  of  a  circular  glass 
plate  with  a  center  hole,  a  3-sector  configuration,  and 
reinforcing  beams  at  all  edges  of  the  sectors,  is  re- 
ported. Error  estimates  and  rates  of  convergence  for 
parameters  of  practical  interest  are  derived  from  nu- 
merical results  using  a  finite  element  code  named 
ANSYS  (versions  4.3A  and  4.4)  as  implemented  on  a 
Sun3-1 10  workstation. 
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The  well-known  Johnson  formula  relates  the  electrical 
potential  drop  across  a  symmetric  center  crack  in  a 
current-carrying  tensile  panel  to  the  crack  length.  To 
allow  individual  measurement  of  the  crack  growth  at 
both  ends  of  such  a  crack,  the  potential  measured  be- 
tween contact  points  located  on  opposite  sides  and 
equidistant  from  the  panel  center  line  has  been  stud- 
ied. Because  this  potential  must  ideally  be  identically 
zero  for  symmetric  crack  growth,  it  is  termed  the  asym- 
metric potential.  Its  sign  and  magnitude  are  related  to 
the  direction  and  extent  of  asymmetric  crack  growth. 
It  was  found  that  contact  points  directly  above  the  ends 
of  the  initial  symmetric  crack  provide  a  signal  which  is 
well-suited  to  the  determination  of  the  asymmetry  of 
the  crack  extension.  This  information  is  complemen- 
tary to  the  total  crack  length  information  obtained  using 
the  Johnson  formula.  Experimental  measurements  and 
theoretical  results  were  used  to  produce  calibration  for- 
mulae relating  the  asymmetric  potential  to  the  asym- 
metry of  the  crack  dimensions  in  center-cracked  pan- 
els. 
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A  constructive  method  for  approximating  attractors 
was  recently  developed  by  Foias  and  Temam,  who  ap- 
plied it  to  systems  in  which  the  nonlinearity  is  due  to 
a  bilinear  operator.  The  purpose  of  the  note  is  to  test 
the  practical  applicability  of  the  method  to  autonomous 
galloping  oscillators,  in  which  the  nonlinearity,  is  due 
to  seventh  degree  polynomials.  The  authors  give  re- 
vised versions  of  two  of  the  expressions  given  in  the 
original  method.  They  then  compare  results  obtained 
by  algebraic  approximation  on  the  one  hand  and  nu- 
merical integration  on  the  other.  The  authors  conclude 
with  an  assessment  of  the  limitations  of  the  method  as 
applied  to  the  systems. 
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The  nonlinear  equations  that  couple  diffusion  and 
stress  are  solved  by  computation  for  one-dimensional 
spinodal  decomposition  and  coarsening  in  a  thin  plate. 
The  vicinity  of  two  critical  values  of  the  stress  param- 
eter are  explored.  At  small  values  of  elastic  self- 
stresses,  coarsening  changes  to  exponentially  fast 
from  the  exponentially  slow  dynamics  expected  for 
one-dimensions  in  the  absence  of  stress.  Coarsening 
is  by  rapid  thickening  of  a  single  layer  of  a  different 
phase  from  each  of  the  two  plate  surfaces,  leading  to 
bending  of  the  plate.  Even  though  the  diffusion  equa- 
tion is  the  same  for  bulk  and  thin  plate  and  changes 
type  at  the  coherent  spinodal  transition,  in  a  thin  plate 
the  changes  near  this  transition  are  gradual;  the  dif- 
ference in  behavior  is  due  to  the  boundary  conditions. 
Furthermore  elasto-chemical  equilibria  through  this 
transition  are  completely  continuous.  If  the  elastic  term 
is  large  compared  to  the  wetting  term,  surface  wetting 
layers  of  phase  of  lower  energy  are  found  to  disappear 
late  in  the  coarsening. 
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This  paper  reviews  results  of  experiments  conducted 
on  a  simple  multi-stable  hydroelastic  (galloping)  oscil- 
lator. These  results  show  that  a  noise  may  cause  a 
multi-stable  hydroelastic  system  to  exhibit  chaotic  be- 
havior, and  that  in  some  instances  such  behavior  can- 
not be  predicted  reliably  unless  noise  effects  are  care- 
fully accounted  for.  We  then  present  results  of  a  theo- 
retical investigation  of  a  simple,  paradigmatic  multi-sta- 
ble system,  the  Duffing-Holmes  oscillator.  The  results 
of  this  investigation  show  that  for  the  system  being 
considered,  noise  promotes  the  occurance  of  chaotic 
behavior  associated  with  Smale  horseshoes.  This  the- 
oretical investigation  is  the  first  phase  of  an  effort  to 
develop  analytical  tools  for  predicting  reliably  the  po- 
tential for  chaotic  behavior  of  actual  hydroelastic  sys- 
tems such  as  deep-water  compliant  platforms. 
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According  to  numerical  investigations  recently  reported 
in  the  literature  certain  types  of  compliant  offshore 
structures  may  experience  undesirable  hydroelastic  re- 
sponses, including  chaotic  responses.  The  question 
arises  whether  such  responses  can  be  predicted  reli- 
ably by  using  current  fluidelastic  models.  We  ad- 
dressed this  question  in  the  specific  case  of  a  paradig- 
matic, strongly  nonlinear  hydroelastic  oscillator  exhib- 
its strongly  chaotic  behavior.  It  is  then  shown  that  mod- 
eling the  hydroelastic  system  as  a  nonlinear  diffusion 


process  helps  to  improve  substantially  the  reliability  of 
the  predictions. 
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We  consider  a  wide  class  of  multistable  systems  per- 
turbed by  adissipative  term  and  coin-toss  square-wave 
dichotomous  noise.  These  systems  behave  like  their 
harmonically  or  quasiperiodically  driven  counterparts: 
depending  upon  the  system  parameters,  the  steady- 
state  motion  is  confined  to  one  well  for  all  time  or  expe- 
riences exits  from  the  wells.  This  similarity  suggests 
the  application  to  the  stochastic  systems  of  a  Melnikov 
approach  originally  developed  for  the  deterministic 
case.  The  noise  induces  a  Melnikov  process  that  may 
be  used  to  obtain  a  simple  condition  guaranteeing  the 
nonoccurrence  of  exits  from  a  well. 
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A  magnitude  6.8  (Ms)  earthquake  centered  under  the 
community  of  Northridge  in  the  San  Fernando  Valley 
shook  the  entire  Los  Angeles  metropolitan  area  at  4:31 
a.m.  local  time  on  Monday,  January  17,  1994.  Mod- 
erate damage  to  the  built  environment  was  wide- 
spread; severe  damage  included  collapsed  buildings 
and  highway  overpasses.  A  multi-agency  team,  orga- 
nized under  the  auspices  of  the  Interagency  Commit- 
tee on  Seismic  Safety  in  Construction  and  headed  by 
the  National  Institute  of  Standards  and  Technology,  ar- 
rived at  the  earthquake  site  within  days  of  the  event 
to  document  the  effects  of  the  earthquake.  The  team 
focused  on  the  effects  to  the  built  environment,  with 
the  goal  of  capturing  perishable  data  and  quickly  identi- 
fying situations  deserving  in-depth  study.  The  report  in- 
cludes a  summary  of  the  team's  observations. 
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A  vortex  shedding  flowmeter  designed  to  measure  Liq- 
uid oxygen  flow  in  the  RS007031  duct  of  the  Space 
Shuttle  Main  Engine  has  been  built  and  tested  using 
water  and  liquid  nitrogen  (LN2).  The  best  meter  per- 
formance was  obtained  with  an  elbow  located  a  few 
diameters  upstream  and  the  vane  axis  perpendicular 
to  the  plane  of  the  bend  rather  than  with  a  long  straight 
section  upstream  of  the  meter.  At  either  the  same  flow 
velocity  or  the  same  Reynolds  number,  the  meter  per- 
formance was  better  for  LN2  than  for  water.  A  flow- 
meter vane  of  circular  cross  section  has  been  devel- 
oped for  the  28  mm  branch  of  the  RS007032  duct.  The 
performance  of  these  meters  approaches  that  of  com- 
mercial flowmeters. 
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For  vacuum-system  or  test-article  analysis  it  is  often 
desirable  to  know  the  species  and  partial  pressures  of 
the  vacuum  gases.  Residual  gas  or  Partial  Pressure 
Analyzers  (PPA's)  are  commonly  used  for  this  pur- 
pose. These  are  mass  spectrometer-type  instruments, 
most  commonly  employing  quadrupole  filters.  These 
instruments  can  be  extremely  useful,  but  they  should 
be  used  with  caution.  Depending  on  the  instrument  de- 
sign, calibration  procedures,  and  conditions  of  use, 
measurements  made  with  these  instruments  can  be 
accurate  to  within  a  few  percent,  or  in  error  by  two  or 
more  orders  of  magnitude.  Significant  sources  of  error 
can  include  relative  gas  sensitivities  that  differ  from 
handbook  values  by  an  order  of  magnitude,  changes 
in  sensitivity  with  pressure  by  as  much  as  two  orders 
of  magnitude,  changes  in  sensitivity  with  time  after  ex- 
posure to  chemically  active  gases,  and  the  depend- 
ence of  the  sensitivity  for  one  gas  on  the  pressures 
of  other  gases.  However,  for  most  instruments,  these 
errors  can  be  greatly  reduced  with  proper  operating 
procedures  and  conditions  of  use.  In  this  paper,  data 
are  presented  illustrating  performance  characteristics 
for  different  instruments  and  gases,  operating  param- 
eters are  recommended  to  minimize  some  errors,  and 
calibrations  procedures  are  described  that  can  detect 
and/or  correct  other  errors. 
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The  fire  safety  strategy  in  a  spacecraft  is  (1)  to  detect 
any  fire  as  early  as  possible,  (2)  to  keep  any  fire  as 
small  as  possible,  and  (3)  to  extinguish  any  fire  as 
quickly  as  possible.  This  suggests  that  a  material 
which  undergoes  a  momentary,  localized  ignition  might 
be  tolerable  but  a  material  which  permits  a  transition 
to  flame  spread  would  significantly  increase  the  fire 
hazard.  Therefore,  it  is  important  to  understand  how 
the  transition  from  localized  ignition  to  flame  spread  oc- 
curs and  what  parameters  significantly  affect  the  tran- 
sition. The  fundamental  processes  involved  in  ignition 
and  flame  spread  have  been  extensively  studied,  but 
they  have  been  studied  separately.  Some  of  the  steady 
state  flame  models  start  from  ignition  to  reach  a  steady 
state,  but  since  the  objective  of  such  a  calculation  is 
to  obtain  the  steady  state  flame  spread  rate,  the  cal- 
culation through  the  transition  process  is  made  without 
high  accuracy  to  save  computational  time.  We  have 
studied  the  transition  from  a  small  localized  ignition  at 
the  center  of  a  thermally  thin  paper  in  a  microgravity 
environment.  The  configuration  for  that  study  was 
axisymmetric,  but  more  general  versions  of  the  numeri- 
cal scheme  have  been  developed  by  including  the  ef- 
fects of  a  slow,  external  flow  in  both  two  and  three  di- 
mensions. By  exploiting  the  non-buoyant  nature  of  the 
flow,  it  is  possible  to  achieve  resolution  of  fractions  of 
millimeters  for  3D  flow  domains  on  the  order  of  1 0  cen- 
timeters. Because  the  calculations  are  time  dependent, 
we  can  study  the  evolution  of  multiple  flame  fronts  orig- 
inating from  a  localized  ignition  source.  The  interaction 
of  these  fronts  determines  whether  or  not  they  will 
eventually  achieve  steady  state  spread.  Most  flame 
spread  studies  in  microgravity  consider  two-dimen- 
sional flame  spread  initiated  by  ignition  at  one  end  of 
a  sample  strip  with  or  against  a  slow  external  flow.  In 
this  configuration  there  is  only  one  flame  front.  A  more 
realistic  scenario  involves  separate,  oppositely  di- 
rected fronts  in  two  dimensions,  or  a  continuous,  radi- 
ally directed  front  in  three  dimensions.  We  present 
here  some  results  of  both  the  two  and  three  dimen- 
sional codes. 
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For  vacuum-system  or  test-article  analysis  it  is  often 
desirable  to  know  the  species  and  partial  pressures  of 
the  vacuum  gases.  Residual  Gas  or  Partial  Pressure 
Analyzers  (PPAs)  are  commonly  used  for  this  purpose. 
These  are  mass  spectrometer-type  instruments,  most 
commonly  employing  quadrupole  filters.  Depending  on 
the  instrument  design,  calibration  procedures,  and 
conditions  of  use,  measurements  made  with  these  in- 
struments can  be  accurate  to  within  a  few  percent,  or 
in  error  by  two  or  more  orders  of  magnitude.  In  this 
paper,  data  are  presented  illustrating  performance 
characteristics  for  different  instruments  and  gases,  op- 
erating parameters  are  recommended  to  minimize 
some  errors,  and  calibrations  procedures  are  de- 
scribed that  can  detect  and/or  correct  other  errors. 
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This  paper  establishes  the  value  of  having  an  in-space 
welding  capability  and  identifies  its  applications,  both 
near-term  for  Shuttle-Spacelab  missions  and  Space 
Station  Freedom,  and  longer-term  for  the  First  Lunar 
Outpost  and  Manned  Mission  to  Mars.  The  leading 
candidate  technologies,  consisting  of  Electron  Beam, 
Gas  Tungsten  Arc,  Plasma  Arc,  and  Laser  Beam,  are 
examined  against  the  criteria  for  an  in-space  welding 
system.  Research  and  development  work  to  date,  striv- 
ing to  achieve  an  in-space  welding  capability,  is  re- 
viewed. Finally,  a  series  of  strategic  NASA  flight  ex- 
periments is  discussed  as  the  remaining  development 
required  for  achieving  a  complete  in-space  welding  ca- 
pability, which  can  fully  serve  the  Space  Exploration 
Initiative.  This  paper  summarizes  the  visions  and  reali- 
ties associated  with  in-space  welding. 
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The  NASA/NBS  Standard  Reference  Model  for 
Telerobot  Control  System  Architecture  (NASREM)  was 
developed  by  the  National  Institute  of  Standards  and 
Technology  (NIST)  for  the  National  Aeronautics  and 
Space  Administration  (NASA)  to  provide  a  software 
control  system  architecture  guideline  for  use  by  devel- 
opment contractors  charged  with  building  the  Flight 
Telerobot  Servicer  (FTS)  control  system  as  part  of  the 
Freedom  Space  Station  project.  The  original  NASREM 
document  describes  a  conceptual  or  domain-inde- 
pendent architecture,  and  suggests  the  outline  of  a 
functional  or  domain-specific  architecture  for  FTS.  This 
paper  presents  an  overview  of  the  NASREM  concep- 
tual architecture  and  reviews  subsequent  work  at  NIST 
in  defining  a  functional  architecture  for  the  servo  and 
primitive  levels.  This  work  suggests  outlines  for  soft- 
ware and  hardware  architecture  specifications,  and 
software  development  environments  to  complement 
the  NASREM  conceptual  and  functional  architectures. 
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The  Flight  Telerobotic  Servicer  (FTS)  is  a  two  armed 
manipulator  which  will  be  used  to  build  and  maintain 


Space  Station  Freedom.  One  of  the  goals  of  the  project 
is  to  be  able  to  upgrade  the  capabilities  of  the  FTS  by 
incorporating  new  technology.  To  achieve  this  goal  the 
FTS  is  using  the  NASA/NIST  Standard  Reference 
Model  for  Telerobot  Control  System  Architecture 
(NASREM)  for  its  functional  architecture.  While  using 
NASREM  helps  integrate  new  technology  into  the  sys- 
tem, the  decisions  concerning  the  precise  technology 
needing  development  must  be  addressed.  In  this 
paper,  an  approach  to  the  technological  evolution  of 
the  FTS  will  be  explored.  The  approach  begins  with 
detailed  scripts  of  representative  FTS  activities.  These 
scripts  are  analyzed  to  determine  the  generic  or  com- 
mon actions  performed  by  the  FTS.  Then,  techno- 
logical alternatives  are  described  in  terms  of  a  decision 
tree  format. 
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The  NASA/NBS  Standard  Reference  Model  for 
Telerobot  Control  System  Architecture  (NASREM)  has 
been  adapted  by  NASA  for  use  in  the  Flight  Telerobotic 
Servicer,  a  two  armed  telerobotic  manipulator  which 
will  build  and  maintain  the  Space  Station.  NASREM 
provides  the  paradigm  that  allows  standard  interfaces 
to  be  defined  so  that  functionally  equivalent  software 
and  hardware  modules  can  be  interchanged.  This 
paper  examines  the  mapping  of  these  logical  modules 
onto  a  functional  computer  architecture.  Interfaces 
must  be  first  defined  which  are  capable  of  supporting 
the  algorithms  in  the  literature.  After  interface  defini- 
tion, the  specific  computer  architecture  for  the  imple- 
mentation can  be  determined.  An  example  is  shown 
mapping  the  SERVO  level  of  NASREM  onto  a  set  of 
computers  utilizing  the  knowledge  of  the  dominant  re- 
sponse time  required  to  aid  in  the  selection  process. 
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AISI  440C  martensitic  stainless  steel  is  the  material 
of  choice  for  the  high  pressure  oxygen  turbopump 
(HPOTP)  of  the  space  shuttle  main  engine  (SSME). 
Tests  have  been  done  over  a  range  of  sliding  speeds 
from  0.5  to  2.0  m/s,  initial  hertzian  stresses  from  0.915 
to  3.66  GPa,  and  bulk  temperatures  from  -184  deg.  C 
(liquid  oxygen  temperature)  to  760  deg.  C.  which  cover 
the  variations  thought  to  exist  in  the  HPOTP.  Data  are 
presented  in  the  form  of  contour  wear  maps  to  allow 
a  more  direct  view  of  the  interdependencies  of  the 
major  tribological  variables  that  can  be  obtained  with 
wear  data  presented  vs.  a  single  variable.  Wear  maps 
are  used  as  a  tool  to  aid  in  the  determination  of  regions 
dominated  by  a  given  wear  mode. 
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Transition  from  Localized  Ignition  to  Flame  Spread 
Over  a  Thin  Cellulosic  Material  in  Microgravity. 
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Keywords:  'Cellulose,  "Fire  prevention,  'Ignition.  Com- 
bustion, Flame  spread,  Reprints,  Microgravity. 

Ignition  and  flame  spread  processes  are  complicated 
by  strong  coupling  between  chemical  reactions  and 
transport  processes,  not  only  in  the  gas  phase  but  also 
in  the  condensed  phase.  In  most  previous  studies,  igni- 
tion and  flame  spread  were  studied  separately  with  the 
result  that  there  has  been  little  understanding  of  the 
transition  from  ignition  to  flame  spread.  In  fire  safety 
applications  this  transition  is  crucial  to  determine 
whether  a  fire  will  be  limited  to  a  localized,  temporary 
burn  or  whether  it  will  grow  to  become  a  large  fire.  In 
order  to  understand  the  transition  to  flame  spread,  the 
transient  mechanisms  of  ignition  and  subsequent 
spread  must  be  studied.  However,  there  have  been  no 
definitive  experimental  or  modeling  studies  because  of 
the  complexity  of  the  buoyancy-induced  flow  near  the 
heated  sample  surface.  One  must  solve  the  full  Navier- 
Stokes  equations  over  an  extended  region  to  represent 
accurately  the  highly  unstable  buoyant  plume  and  en- 
trainment  of  surrounding  gas.  To  avoid  the  complicated 
nature  of  the  plume  problem  under  normal  gravity,  pre- 
vious detailed  radiative  ignition  models  were  assumed 
to  be  one-dimensional  or  were  applied  at  a  stagnation 
point.  Unfortunately,  these  models  could  not  be  ex- 
tended to  include  the  transition  to  flame  spread. 
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Both  ignition  and  flame  spread  on  solid  fuels  are  proc- 
esses that  not  only  are  of  considerable  scientific  inter- 
est but  that  also  have  important  fire  safety  applications. 
Both  types  of  processes,  ignition  and  flame  spread,  are 
complicated  by  strong  coupling  between  chemical  re- 
actions and  transport  processes,  not  only  in  the  gas 
phase  but  also  in  the  condensed  phase.  In  most  pre- 
vious studies,  ignition  and  flame  spread  were  to  flame 
spread  studied  separately  with  the  result  that  there  has 
been  little  understanding  of  the  transition  from  ignition 
limited  to  flame  spread.  In  fire  safety  applications  this 
transistion  is  crucial  to  determine  whether  a  fire  will  be 
limited  to  a  localized,  temporary  burn  or  will  transition 
into  a  growth  mode  with  a  potential  to  become  a  large 
fire,  in  order  to  understand  this  transition,  the  transient 
mechanisms  of  ignition  and  subsequent  flame  spread 
must  be  studied.  However,  there  have  been  no  defini- 
tive experimental  or  modeling  studies,  because  of  the 
complexity  of  the  flow  motion  generated  by  buoyancy 
near  the  heated  sample  surface.  One  must  solve  the 
full  Navier-Stokes  equations  over  an  extended  region 
to  represent  accurately  the  highly  unstable  buoyant 
plume  and  entrainment  of  surrounding  gas  from  far 
away. 
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An  axisymmetric,  time-dependent  model  is  developed 
describing  auto-ignition  and  subsequent  transition  to 
flame  spread  over  a  thermally-thin  cellulosic  sheet 
heated  by  external  radiation  in  a  quiescent  micro- 
gravity  environment.  Due  to  the  unique  combination  of 
a  microgravity  environment  and  low  Reynolds  number 
associated  with  the  slow,  thermally  induced  flow,  the 
resulting  velocity  is  taken  as  a  potential  flow.  A  one- 
step  global  gas  phase  oxidaton  reaction  and  three 
global  degradation  reactions  for  the  condensed  phase 
are  used  in  the  model.  A  maximum  external  radiant  flux 
of  5  W/sq.  cm  (Gaussian  distribution)  with  21%,  30%, 
and  50%  oxygen  concentrations  is  used  in  the  calcula- 
tions. The  results  indicate  that  autoignition  is  observed 
for  30%  oxygen  concentrations  but  the  transition  to  the 
flame  spread  does  not  occur.  For  50%  oxygen  the 
trransition  is  achieved.  A  detailed  discussion  of  the 
transition  from  ignition  to  flame  spread  is  given  as  an 
aid  to  understanding  this  process.  Also,  a  comparison 
is  made  between  the  axisymmetric  configuration  and 
a  two-dimensional  (line  source)  configuration. 
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New,  more-extensive,  depth-dose  distributions  for 
electrons,  electron-bremsstrahlung,  and  protons  have 
been  calculated,  based  on  improvements  in  cross-sec- 
tion information  since  the  development  of  the  original 
SHIELDOSE  code.  The  new  database  covers  incident 
electron  energies  from  5  keV  to  50  MeV,  with  the 
bremsstrahlung  tail  calculated  for  depths  out  to  50  g/ 
sq  cm,  and  incident  proton  energies  from  10  keV  to 
10  GeV.  Effects  of  nuclear  interactions  on  proton 
depth-dose  distributions  in  aluminum  shields  have 
been  estimated,  and  options  are  provided  to  include 
these  approximations  in  test  calculations.  In  addition 
to  the  absorbed  dose  in  aluminum,  the  dose  in  small 
volumes  of  graphite,  Si,  air,  bone,  CaF2,  GaAs,  LiF, 
Si02,  tissue  or  water  can  be  evaluated.  The 
functionality  of  new  code  is  much  the  same  as  the  old 
code;  however,  the  resultant  dose  estimates  as  a  func- 
tion of  depth  in  aluminum  spacecraft  can  be  somewhat 
different.  Through  the  use  of  a  companion  code  based 
on  approximate  transformations,  results  can  be  ex- 
tended beyond  the  dose  as  a  function  of  depth  in  plane 
slabs  and  at  centers  of  solid  spheres  to  include  the 
dose  at  off-center  points  in  a  solid  sphere  and  at  the 
inner  surface  of  spherical  shells. 
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The  authors  say  that  a  planet  is  Earth-like  if  the  coeffi- 
cient of  the  second  order  zonal  harmonic  dominates 
all  other  coefficients  in  the  gravity  field.  This  paper  con- 
cerns the  zonal  problem  for  satellites  around  the  Earth- 
like planet,  all  other  perturbations  excluded.  By  numeri- 
cal continuation  the  authors  have  discovered  three 
families  of  frozen  orbits  in  the  full  zonal  problem  under 
consideration;  (1)  a  family  of  stable  equilibria  starting 
from  the  equatorial  plane  and  tending  to  the  critical  in- 
clination; (2)  an  unstable  family  arising  from  the  bifur- 
cation at  the  critical  inclination;  (3)  a  stable  family  also 
arising  from  that  bifurcation  and  terminating  with  a 
polar  orbit.  Except  in  the  neighborhood  of  the  critical 
inclination,  orbits  in  the  stable  families  have  very  small 
eccentricities,  and  are  thus  well  suited  for  survey  mis- 
sions. 
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Anticipated  metrology  requirements  of  future  space 
power  systems  have  been  researched  in  a  program  ini- 
tiated at  the  National  Institute  of  Standards  and  Tech- 
nology. These  requirements  have  been  compared  with 
existing  state-of-the-art  measurement  capabilities,  and 
inadequacies  in  present  measurement  techniques  are 
discussed.  Particular  attention  is  paid  to  the  difficulties 
of  determining  measurement  reliabilities  for  long-term, 
unattended  sensor  operation. 
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The  Earth  Observing  System  (EOS)  is  an  international 
multi-satellite  program  in  global  remote  sensing  of  the 
Earth.  The  simultaneous  goals  of  acquiring  accurate 
data  over  many  years  and  correctly  identifying  system- 
atic effects  depend  crucially  on:  (1)  calibrating  all  in- 
struments against  a  set  of  recognized  physical  stand- 
ards, (2)  carefully  characterizing  the  instruments'  per- 
formances at  the  system  level.  (3)  adhering  to  good 
measurement  practices  and  established  protocols,  (4) 
intercomparing  instrument  measurements  where  pos- 
sible, and  (5)  establishing  traceability  for  all  instru- 
ments to  the  common  scale  of  physical  quantities 
maintained  at  the  national  standards  laboratories. 
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The  article  constitutes  part  2  of  a  two-part  article  de- 
scribing the  overall  organization  and  implementation  of 
a  calibration  program  in  the  EOS  project  based  on  re- 
quirements initially  established  in  1989.  The  article 
completes  the  description  of  the  implementation  of  the 
program  by  outlining  the  EOS  approaches  to  pre-flight 
and  on  orbit  calibration. 
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A  program  to  establish  radiometric  traceability  between 
Earth  Observing  System  (EOS)  instrument  calibration 
facilities  and  the  National  Institute  of  Standards  and 
Technology  (NIST)  radiance  scale  is  underway.  To  en- 
sure the  high  accuracy  required  for  instruments  used 
in  the  National  Aeronautics  and  Space  Administration's 
(NASA's)  EOS  program,  the  output  of  the  working 
standards  will  be  compared  to  the  radiance  scale  main- 
tained at  NIST.  Plans  are  in  place  for  NIST  to  provide 
similar  radiometers  for  the  EOS  program:  the  Visible 
Transfer  Radiometer  (VXR),  the  Short-wave  Infrared 
Transfer  Radiometer  (SWIXR),  and  the  Thermal-infra- 
red Transfer  Radiometer  (TXR).  This  article  describes 
theTXR. 
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Throughout  most  of  the  world,  warning  signs  next  to 
elevators  indicated  they  should  not  be  used  in  fire  situ- 
ations. Because  these  elevators  have  not  been  de- 
signed for  fire  evacuation,  they  should  not  be  used  for 
fire  evacuation.  However,  the  idea  of  using  elevators 
for  fire  evacuation  has  gained  considerable  attention. 
The  Federal  Aviation  Administration  (FAA)  has  spon- 
sored a  project  to  study  the  feasibility  of  elevator  emer- 
gency evacuation  at  air  traffic  control  towers.  This 
paper  describes  this  project  including  (1 )  a  general  dis- 
cussion of  elevator  evacuation,  (2)  presentation  of  con- 
ceptual criteria  for  such  elevator  evacuation  systems, 
and  (3)  application  of  that  criteria  to  several  ATCTs. 
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Multipath  is  one  of  the  factors  degrading  the  accuracy 
of  position  measurements  obtained  with  the  Global  Po- 
sitioning System  (GPS).  We  investigate  the  effects  of 
multipath  on  the  carrier  phase  measurements  and  the 
resulting  bias  on  relative  GPS  positions  for  observation 
times  longer  than  several  hours.  We  first  model  the 
phase  error  due  to  multipath  from  a  single  plane  reflec- 
tor in  terms  of  satellite  reflector  geometry.  The  model 
is  then  employed  to  estimate  upper  limits  of  the 
multipath  bias  for  general  receiver  environments.  We 
also  consider  bias  due  to  multipath  from  the  flat 
ground,  from  nearby  objects  and  from  tilted  ground,  ob- 
taining formulae  for  each  situation  that  depend  only  on 
reflector  characteristics  and  geometry.  We  find  that  the 
multipath  phase  error  gives  rise  to  vertical  biases 
smaller  than  2  mm  and  horizontal  biases  smaller  than 
1  mm  if  carrier-phase  observations  are  averaged  for 
at  least  several  hours  and  if  some  basic  precautions 
are  taken  regarding  the  placement  of  the  receiving  an- 
tenna. 
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The  vulnerability  of  gas  and  liquid  fuel  pipeline  systems 
to  damage  in  past  earthquakes,  as  well  as  available 
standards  and  technologies  that  can  protect  these  fa- 
cilities against  earthquake  damage  are  reviewed.  An 
overview  is  presented  of  measures  taken  by  various 
Federal  Agencies  to  protect  pipeline  systems  under 
their  jurisdiction  against  earthquake  hazards.  It  is  con- 
cluded that  the  overall  performance  of  pipeline  sys- 
tems in  past  earthquakes  was  relatively  good,  how- 
ever, older  pipelines  and  above-ground  storage  tanks 
were  damaged  in  many  earthquakes.  Standards  and 
regulations  for  liquid  fuel  pipelines  contain  only  general 
references  to  seismic  loads.  Standards  and  regulations 
for  above-ground  fuel  storage  tanks  and  for  liquefied 
natural  gas  facilities  contain  explicit  seismic  design 
provisions.  It  is  recommended  that  a  guideline  for 
earthquake  resistant  design  of  gas  and  liquid  fuel  pipe- 
line systems  be  prepared  for  Federal  Agencies  to  en- 
sure a  uniform  approach  to  the  protection  of  these  sys- 
tems. 
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Ultrasonic  inspection  is  a  standard  method  to  assess 
the  integrity  of  large-diameter  oil  pipelines.  However, 
similar  methods  applied  to  natural-gas  pipelines 
present  a  considerably  greater  challenge;  gas  is  apoor 
coupling  agent  for  the  probing  ultrasonic  signals  be- 
tween the  transducer  and  the  pipe  wall.  Natural  gas 
exhibits  a  very  low  specific  acoustic  impedance  (300 
Rayls  for  methane  at  atmospheric  pressure)  compared 
to  oil  (1.5  Mrayls  and  higher).  Consequently,  large  ul- 
trasonic-signal transmission  losses  occur  at  the  trans- 
ducer/gas and  pipe-wall/gas  interfaces.  To  circumvent 
this  obstacle,  past  exploratory  developments  included 
the  use  of  a  liquid-filled  wheel,  electromagnetic-  acous- 
tic-transducer (EMAT),  and  liquid-slug  technology. 
While  prototypes  of  high-speed,  in-line  inspection  sys- 
tems employing  such  principles  do  exist,  all  exhibit  se- 
rious operational  shortcomings  that  prevent  wide- 
spread commercial  exploitation. 
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New  alternative  technologies  have  been  developed 
which  can  be  used  to  increase  intercity  passenger  train 
operating  speeds.  These  technologies  include  steel- 
wheel-on-rail  and  magnetic  levitation  (maglev)  sys- 
tems. Fire  safety  is  an  area  of  particular  interest  for 
these  technologies,  as  well  as  for  conventional  intercity 
and  ;ommuter  trains.  While  the  historical  fire  record 
has  been  very  good  and  few  serious  passenger  train 
fires  have  occurred,  minor  incidents  could  develop  into 
potential  life-threatening  events.  The  report  presents  a 
detailed  comparison  of  the  fire  safety  approaches  used 
in  the  United  States,  France,  and  Germany.  The 
strengths  and  weaknesses  of  current  methods  for 
measuring  the  fire  performance  of  rail  transportation 
systems  are  evaluated.  An  optimum  systems  approach 
to  fire  safety  which  addresses  typical  passenger  train 
fire  scenarios  is  analyzed  and  recommendations  are 
presented  to  address  the  current  state-of-the-art  in  ma- 
terials testing. 
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This  work  discusses  three  possible  acoustic  measure- 
ment techniques  to  detect  and  quantify  the  stress  rail- 
road wheel  rims.  The  goal  is  to  develop  instrumenta- 
tion useful  for  nondestructive  testing  during  field  in- 
spection for  potentially  dangerous  conditions.  In  each 
case,  the  application  of  novel  noncontact  transducers 
(EMATs)  takes  advantage  of  minimal  surface  prepara- 
tion and  the  elimination  of  fluid  couplants.  Each  tech- 
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nique  depends  on  the  very  precise  (one  part  in  10(exp 
4))  timing  of  signal  arrival.  Elastic  changes  caused  by 
stress  generate  very  small,  but  detectable  velocity 
changes.  However,  other  factors,  notably  changes  in 
metallurgical  texture,  will  similarly  alter  the  velocity.  Ini- 
tial tests  indicate  the  possibility  of  determining  the  size 
of  this  texture  effect  and  reducing  the  uncertainty  in 
measured  stress  to  about  55  MPa  or  less.  This  accu- 
racy would  allow  judgment  on  the  safety  of  continued 
operation  of  a  wheel.  For  one  method,  a  birefringence 
approach,  we  have  constructed  a  prototype  that  is  now 
at  a  railroad  research  center.  Ultrasonic  data  collected 
with  this  gear  correlate  well  with  those  from  destructive 
sawcutting  for  the  four  wheels  we  have  examined  so 
far.  Work  on  the  design  and  construction  of  trans- 
ducers and  data  analysis  continues. 
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Recent  advances  in  guided  ground  transportation,  fire 
test  methods,  and  hazard  analysis  necessitate  re-ex- 
amination of  requirements  for  fire  safety.  A  comparison 
of  the  approaches  used  in  the  United  States,  Germany, 
and  France  is  presented.  With  the  strengths  and  weak- 
nesses of  current  methods  for  measuring  the  fire  per- 
formance of  materials  used  in  rail  transit  systems  re- 
viewed, a  direction  is  suggested  in  which  most  fire 
science-oriented  organizations  in  the  world  are  clearly 
headed  -  fire  hazard  and  fire  risk  assessment  methods 
supported  by  measurement  methods  based  on  heat  re- 
lease rate. 
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The  paper  discusses  acoustic  techniques  to  quantify 
stress,  the  construction  of  transducers,  and  initial 
measurements  on  a  short  test  section  of  railroad  track. 
Our  goal  is  to  develop  instrumentation  useful  for  non- 
destructive testing  during  field  inspection  for  potentially 
dangerous  conditions,  such  as  those  generated  by 
thermal  stress.  The  application  of  unconventional 
noncontact  transducers  (EMATs)  takes  advantage  of 
minimal  surface  preparation  and  the  elimination  of  fluid 
couplants. 
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Residual  hoop  stresses  in  the  rims  of  railroad  wheels 
may  change  from  compressive  to  tensile  during  their 
lifetime,  a  potentially  hazardous  condition  that  could 
lead  to  wheel  failure  by  cracking.  The  current  U.S.  reg- 
ulation calls  for  the  measurement  of  discoloration  in  the 
wheel  plate  indicating  a  history  of  heating  that  may 
lead  to  unsafe  stress.  Quantitative  measurement  by  ul- 
trasonic methods  is  an  attractive  alternative.  Stress  in- 
fluences elastic  parameters  and  causes  small  changes 
in  sound  velocity.  We  did  an  extensive  series  of  meas- 
urements around  the  circumference  of  ten  cast-steel 
wheels;  two  were  as-made,  while  the  others  received 
induction  heating  at  three  different  energy  levels  to 
generate  stresses  similar  to  those  of  in-service  wheels. 
Two  different  ultrasonic  instruments  gave  comparable 
results.  Destructive  evaluation  of  stress  in  three  wheels 
by  sawcutting  showed  a  good  correlation  between 
flange-tip  opening  displacement  and  the  ultrasonic 
measurements.  This  suggests  a  reliable  method  and 
a  field-usable  instrument  for  quantitative  non- 
destructive inspection.  This  could  contribute  to  the 
safety  and  dependability  of  freight  rail  systems,  and  re- 
duce costs  due  to  failures  and  the  unnecessary  re- 
placement of  good  wheels. 
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Recent  advances  in  passenger  rail  transportation,  fire 
test  methods,  and  hazard  analysis  necissitate  re-ex- 
amination of  requirements  for  fire  safety.  The  strengths 
and  weaknesses  of  current  methods  for  measuring  the 
fire  performance  of  rail  transportation  systems  are 
evaluated.  A  systems  approach  to  fire  safety  which  ad- 
dresses typical  passenger  train  fire  scenarios  is  ana- 
lyzed. A  rationale  is  presented  for  the  direction  in  which 
most  fire  science-oriented  organizations  in  the  world 
are  clearly  headed  -  the  use  of  fire  hazard  and  fire  risk 
assessment  methods  supported  by  measurement 
methods  based  on  heat  release  rate. 
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This  is  Report  Number  28  in  a  series  covering  research 
performed  by  the  National  Institute  of  Standards  and 
Technology  for  the  Federal  Railroad  Administration. 
The  report  covers  a  project  by  the  Materials  Reliability 
Division  to  develop  and  test  an  ultrasonic  system  to 
measure  residual  stress  in  the  rims  of  railroad  wheels. 
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Residual  stresses  in  railroad  wheels  may  change  from 
compressive  to  tensile;  this  change  could  lead  to  wheel 
failure.  The  current  U.S.  regulation  calls  for  the  meas- 
urement of  discoloration  indicating  heating  that  may 
lead  to  unsafe  stress.  Quantitative  measurement  by  ul- 
trasonic methods  is  an  attractive  alternative,  since 
stress  causes  small  changes  in  sound  velocity.  We  did 
an  extensive  series  of  measurements  on  ten  cast-steel 
wheels.  Two  different  ultrasonic  instruments  gave 
comparable  results.  Destructive  evaluation  of  stress  in 
three  wheels  showed  a  good  correlation  with  the  ultra- 
sonic measurements. 
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A  prototype  system  has  been  developed  for  roll-by  in- 
spection of  cracks  in  the  trends  of  freight  car  wheels. 
The  system  uses  noncontacting  electromagnetic- 
acoustic  transducers  (EMATs)  which  generate  and  re- 
ceive surface  waves  propagating  along  the  trend  sur- 
face. If  a  defect  is  present  it  reflects  an  echo  back  to 
the  EMAT.  The  EMAT  itself  consists  of  a  coil  and  per- 
manent magnet  which  are  embedded  in  a  'rocking 
shoe'.  The  rocking  shoe  is  suspended  by  a  spring  sys- 
tem in  a  recess  machined  into  the  outer  surface  of  a 
rail  plug.  When  the  wheel  is  centerend  over  the  shoe, 
it  activates  a  trigger  circuit  which  energizes  the  EMAT 
and  causes  propagation  of  the  surface  wave.  The  de- 
tected echoes  are  analyzed  by  a  microprocessor  which 
characterizes  the  wheel  as  being  safe  or  unsafe.  The 
crack  detector  system  has  been  subjected  to  field  test- 
ing using  actual  locomotive  and  rolling  stock.  It  has 
been  able  to  detect  both  artificial  and  real  defects  at 
roll-by  speeds  of  25  km/h  (15  mph). 
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The  effect  of  stress  on  elastic  parameters  causes  a 
small  change  in  sound  wave  velocity.  This 
acoustoelastic  effect  is  the  basis  for  a  method  of  non- 
destructive evaluation  (NDE).  The  authors  used  two 
types  of  ultrasonic  transducers,  piezoelectric  and  elec- 
tromagnetic, to  measure  both  thickness-averaged  and 
near-surface  stresses  in  the  rims  of  twenty  unused, 
cast-steel  railroad  wheels.  The  manufacturer  mounted 
these  wheels  on  a  unique  dynamometer  and  induced 
thermal  damage  by  dragging  tread  breaks  to  simulate 
in-service  conditions  that  might  generate  tensile  hoop 
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stress.  After  the  authors'  ultrasonic  nondestructive 
tests,  they  cut  eighteen  wheels  with  a  saw  along  a  ra- 
dius to  measure  flange  tip  opening  and  verify  the  stress 
state. 
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This  is  a  key  period  in  the  development  of  electric  and 
hybrid  electric  vehicles.  The  landmark  1990  legislation 
in  California  requires  that  2  percent  of  new  automobiles 
be  zero  emission  vehicles  in  1998,  rising  to  10  percent 
in  the  year  2005.  This  can  only  be  met  by  electric  vehi- 
cles. The  purpose  of  the  workshop  was  to  concentrate 
on  the  technologies  to  improve  the  design,  perform- 
ance, manufacturability,  and  economics  of  the  critical 
components  for  the  next  generation  of  electric  and  hy- 
brid electric  vehicles  for  the  year  2000  and  beyond. 
The  workshop  began  with  invited  speakers  to  cover  the 
general  topics  of  impact  of  the  California  legislation, 
Federal  agency  programs,  development  of  standards, 
infrastructure  needs,  advanced  battery  development, 
and  the  imperatives  for  commercial  success  of  electric 
and  hybrid  electric  vehicles.  Working  sessions  were 
five  parallel  meetings  on  Energy  Conversion  Systems, 
Energy  Storage  Systems,  Electric  Propulsion  Systems, 
Controls  and  Instrumentation,  and  Ancillary  Systems. 
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The  National  Institute  of  Standards  and  Technology 
(NIST)  Robot  Systems  Division  is  participating  in  a 
Federal  Highway  Administration  (FHWA)  program  that 
is  to  lead  to  the  recommendation  of  standards  in  Vehi- 
cle-to-Roadside  Communications  (VRC)  equipment 
used  in  commercial  vehicle  operations  (CVO).  There 
is  substantial  motivation  to  develop  these  standards, 
both  on  the  part  of  the  government  and  the  CVO  com- 
munity. A  standardized  VRC  system  will  allow  states 
to  check  credentials,  weight,  and  safety  parameters 
while  commercial  vehicles  travel  at  highway  speeds  of 
up  to  160  km/h.  This  will  improve  the  current  situation 
in  which  substantial  time  and  productivity  is  lost  while 
commercial  vehicles  stop  and  wait  for  inspections. 
More  sophisticated  systems  may  employ  weigh-in-mo- 
tion equipment,  on-vehicle  sensors  to  determine  brake 
temperature  and  other  parameters  in  real-time,  and 
other  subsystems  (navigation,  etc.)  capable  of  gener- 
ating relevant  data.  This  communications  link  will  serve 
an  important  role  in  passing  data  between  various  on- 
board intelligent  control  system  computers  and  the 
roadside  systems. 
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Vehicle-to-Roadside  Communications  for  Com- 
mercial Vehicle  Operations:  Requirements  and  Ap- 
proaches. 

H.  Scott,  K.  Stouffer,  and  P.  Rowe.  Feb  95,  88p, 

NISTIR-5593. 

See  also  PB94-195914. 

Keywords:  "Highway  communication,  "Commercial  ve- 
hicles, "Data  transmission,  Transponders,  Standards, 
Communications  networks,  Communication  systems. 
Automatic  highways,  Communication  equipment, 
Radio  links,  Intelligent  Vehicle  Highway  Systems. 

The  National  Institute  of  Standards  and  Technology 
(NIST)  Robot  Systems  Division  is  participating  in  a 
Federal  Highway  Administration  (FHWA)  program  that 
is  to  lead  to  the  recommendation  of  standards  in  Vehi- 
cle-to-Roadside Communications  (VRC)  equipment.  A 
standardized  VRC  system  will  allow  states  to  check 
credentials,  weight,  and  safety  parameters  while  com- 
mercial vehicles  travel  at  highway  speeds  of  up  to  160 
km/h.  This  will  improve  the  current  situation  in  which 
substantial  time  and  productivity  is  lost  while  commer- 
cial vehicles  stop  and  wait  for  inspections.  More  so- 
phisticated systems  may  employ  weight-in-motion 
equipment,  on-vehicle  sensors  to  determine  brake 
temperature  and  other  parameters  in  real-time,  and 
other  subsystems  (navigation,  etc.)  capable  of  gener- 
ating relevant  data.  This  communications  link  will  serve 
an  important  role  in  passing  data  between  various  on- 
board intelligent  control  system  computers  and  the 
roadside  systems.  Numerous  incompatible  VRC  de- 
signs and  protocols  exist,  or  are  being  developed.  The 
deployment  of  incompatible  systems  will  not  result  in 
transparent  borders,  where  a  truck  can  pass,  for  exam- 
ple, from  one  state  to  another  without  stopping.  A 
standard  is  to  be  developed  or  chosen  that  will  meet 
current  and  projected  requirements,  such  as  those  of 
the  Intelligent  Vehicle  Highway  System  (IVHS).  NIST 
interacted  with  various  users,  VRC  equipment  manu- 
facturers, IVHS  planners,  and  other  government  agen- 
cies to  determine  the  current  and  projected  VRC  re- 
quirements. Fifteen  systems  and  six  protocols  were  ex- 
amined in  this  study. 
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DOT-HS-808  214. 

Prepared  in  cooperation  with  National  Inst,  of  Stand- 
ards and  Technology  (EEEL),  Gaithersburg,  MD.  Of- 
fice of  Law  Enforcement  Standards. 

Keywords:  "Specifications,  "Optical  radar,  "Speed  indi- 
cators, Speed  limit  effectiveness,  Speed  limits,  Elec- 
tronic monitoring  systems,  Traffic  law  enforcement, 
Laser  applications,  Traffic  law  violations,  Highway 
safety.  Velocity  measurement,  *LIDAR(Light  Detection 
and  Ranging). 

This  technical  report  provides  an  overview  of  the  cir- 
cumstances leading  to  a  request  from  the  International 
Association  of  Chiefs  of  Police  to  the  National  Highway 
Traffic  Safety  Administration  (NHTSA)  for  the  develop- 
ment of  performance  specifications  for  LIDAR  (Light 
Detection  And  Ranging)  aka  Laser,  devices  used  in 
speed  limit  enforcement.  Chapter  I  provides  an  over- 
view and  description  of  the  use  of  lidar  speed  measure- 
ment devices  in  speed  limit  enforcement.  This  chapter 
also  contains  NHTSA's  recommendations  concerning 
the  use  of  lidar  in  speed  limit  enforcement  and  for  the 
training  of  law  enforcement  officers  using  these  de- 
vices. Chapter  II  contains  the  model  minimum  perform- 
ance specifications  for  the  lidar  along  with  the  protocol 
for  use  in  the  laboratory  and  field  testing  of  these  de- 
vices to  determine  their  compliance  with  the  model  per- 
formance specifications. 
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Risk  Analysis  for  the  Fire  Safety  of  Airline  Pas- 
sengers. 

R.  L.  Smith.  Jun  94,  40p,  NISTIR-5441. 
Contract  DTFA03-92-Z-00018 
Sponsored  by  Federal  Aviation  Administration  Tech- 
nical Center,  Atlantic  City,  NJ. 
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The  purpose  of  this  report  is  to  describe  the  National 
Institute  of  Standards  and  Technology's  work  to  date 
relating  to  the  general  methodology  being  developed 
for  the  project  Risk  Analysis  for  the  Fire  Safety  of  Air- 
line Passengers  and  the  software  being  used  to  facili- 
tate this  methodology.  The  approach  selected  involved 
the  use  of  influence  diagrams.  Therefore,  a  brief  dis- 
cussion of  influence  diagrams  is  given.  The  status  of 
their  application  to  the  water  mist  system  for  passenger 
planes  is  given  and  the  overall  approach  to  carrying 
out  the  project  is  described.  An  example  is  included 
that  shows  how  the  process  works,  but  the  case  is  fic- 
tional, not  intended  to  be  realistic. 
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Pub.  in  Proceedings  of  International  Symposium  on 
Fire  Safety  Science  (4th),  Ottawa,  Ontario,  Canada, 
June  13-17, 1994,  p1007-1016. 

Keywords:  "Fire  safety,  "Rail  transportation,  "Risk  as- 
sessment, "Transportation  safety,  Fires,  Railroad  cars, 
Test  methods,  Standards,  Burning  rate,  Smoke,  Com- 
bustion, Reprints,  "Heat  release  rate. 

Recent  advances  in  guided  group  transportation,  fire 
test  methods,  and  hazard  analysis  necessitate  re-ex- 
amination of  requirements  for  fire  safety.  Several  stud- 
ies have  indicated  nearly  random  ability  of  current  tests 
to  predict  actual  fire  behavior.  A  comparison  of  the  ap- 
proaches used  in  the  United  States,  Germany,  and 
France  is  presented.  With  the  strengths  and  weak- 
nesses of  current  methods  for  measuring  the  fire  per- 
formance of  materials  used  in  rail  transit  systems  re- 
viewed, a  direction  is  suggested  in  which  most  fire 
science-oriented  organizations  in  the  world  are  clearly 
headed-fire  hazard  and  fire  risk  assessment  methods 
supported  by  measurement  methods  based  on  heat  re- 
lease rate. 
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Contract  N00014-93-F-0101 
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sure, Fluids.  Helium,  Viscosity,  Acoustic  velocity,  En- 
thalpy, Xenon,  Entropy,  Prandtl  number,  Viscometers, 
"Thermoacoustics,  Nobleg  computer  program. 

The  objective  of  this  project  is  to  provide 
thermophysical  property  data  for  candidate  working 
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fluids  in  a  form  suitable  for  optimizing  the  design  of 
thermoacoustic  refrigerators.  The  data  will  be  provided 
in  a  computer  program  that  calculates  the  properties 
of  the  most  promising  gas  mixtures.  This  package  will 
consist  of  currently  available  data  from  the  literature 
(provided  that  it  is  of  sufficient  quality)  and  our  own 
measurements  (when  insufficient  literature  data  exist). 
The  properties  provided  are  viscosity,  thermal  con- 
ductivity, Prandtl  number,  density,  speed-of-sound, 
specific  heat,  enthalpy,  and  entropy  for  temperatures 
between  -20  and  30  C  and  pressures  up  to  20  bars. 
We  will  also  explore  methods  of  varying  the  composi- 
tion of  the  working  fluid  to  maintain  a  constant  speed 
of  sound  over  the  operating  range  of  the  refrigerator. 
(MM). 
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Guideline:  Codes  for  Named  Populated  Places,  Pri- 
mary County  Divisions,  and  Other  Locational  Enti- 
ties of  the  United  States,  Puerto  Rico,  and  the  Out- 
lying Areas.  Category:  Data  Standards  and  Guide- 
lines. Subcategory:  Representations  and  Codes. 
Federal  information  processing  standards. 
28  Dec  94,  30p. 
Supersedes  FIPS  PUB  55-2. 

Three  ring  vinyl  binder  also  available,  North  American 
Continent  price  $7.00;  all  others  write  for  quote. 

Keywords:  'Geocoding,  'Census  tracts, 
•Classification,  "Geography,  Counties,  Cities,  Urban 
areas,  Municipalities,  Communities,  Airports,  National 
parks,  Military  facilities,  Data  files,  Data  processing, 
United  States,  Federal  Information  Processing  Stand- 
ards, Data  standards  and  guidelines,  Representations 
and  codes,  Populated  places,  Data  elements. 

The  publication,  which  supersedes  FIPS  PUB  55-2  and 
55DC-4,  provides  a  2-character  FIPS  State  code  and 
a  5-character  FIPS  numeric  code  to  uniquely  identify 
each  entity  contained  in  a  list  of  names  of  incorporated 
places,  other  communities  and  settlements,  primary 
county  divisions  (such  as  townships,  New  England 
towns,  and  census  county  divisions),  American  Indian 
and  Alaska  Native  areas,  airports,  military  bases,  na- 
tional parks,  post  offices,  and  other  locational  entities 
(except  natural  or  physical  features).  A  2-character 
class  code  distinguishes  the  different  types  of  geo- 
graphic entities.  The  purpose  of  the  codes  is  to  pro- 
mote the  interchange  of  formatted,  machine-sensible 
data. 
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lying Areas.  Category:  Data  Standards  and  Guide- 
lines; Subcategory:  Representation  and  Codes. 
Federal  information  processing  standards. 
28  Dec  94,  3976p. 
Supersedes  FIPS  PUB  55-2. 

Three  ring  vinyl  binder  also  available;  North  American 
Continent  price  $7.00;  all  others  write  for  quote. 

Keywords:  'Geocoding,  'Census  tracts, 
'Classification,  'Geography,  Counties,  Cities,  Urban 
areas,  Municipalities,  Communities,  Airports,  National 
parks,  Military  facilities,  Data  files,  Data  processing, 
United  States,  Federal  Information  Processing  Stand- 
ards, Data  standards  and  guidelines,  Representations 
and  codes,  Populated  places,  Data  elements. 

The  publication,  which  supersedes  FIPS  PUB  55-2  and 
55DC-4,  provides  a  2-character  FIPS  state  code  and 
a  5-character  FIPS  numeric  code  to  uniquely  identify 
each  entity  contained  in  a  list  of  names  of  incorporated 
places,  other  communities  and  settlements,  primary 
county  divisions  (such  as  townships,  New  England 
towns,  and  census  county  divisions),  American  Indian 
and  Alaska  Native  areas,  airports,  military  bases,  na- 
tional parks,  post  offices,  and  other  locational  entities 
(except  natural  or  physical  features). 
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Evaluating  Investments  in  Law  Enforcement 
Equipment:  An  Annotated  Bibliography. 
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S.  F.  Weber,  B.  C.  Lippiatt,  and  K.  S.  Johnson.  1989, 

27p. 

Pub.  in  National  Institute  of  Justice  Report  900-89,  27p 
1989. 

Keywords:  "Bibliographies,  'Protective  equipment, 
'Police  vehicles,  'Law  enforcement.  'Investments, 
Ammunition,  Weapons,  Police  patrol  cars,  Operations 
research,  Information  systems,  Cost  benefit  analysis, 
Economic  analysis,  Reprints,  Police  equipment. 

The  report  is  a  guide  to  the  literature  and  annotated 
bibliography  on  evaluating  investments  in  law  enforce- 
ment equipment.  Each  entry  includes  the  complete  ci- 
tation, an  abstract  with  key  words,  and  in  most  cases, 
information  on  availability.  The  search  strategy  is  docu- 
mented and  a  subject  index  and  lists  of  references  by 
author  and  by  subject  area  are  included.  The  main  cat- 
egories are:  (1)  evaluation  methods;  (2)  police  vehi- 
cles; (3)  police  armament;  (4)  Automatic  Vehicle  Mon- 
itoring (AVM)  systems;  and  (5)  police  information  sys- 
tems. All  43  included  publications  both  address  eco- 
nomic issues  such  as  costs  or  benefits  and  are  rel- 
evant to  current  decisions  on  procuring  police  equip- 
ment. The  search  focused  on  three  primary  sources: 
(1)  the  NCJRS  (National  Criminal  Justice  Reference 
Service)  database;  (2)  the  Criminal  Justice  Periodical 
Index  (CJPI);  and  (3)  the  NTIS  (National  Technical  In- 
formation Service)  database. 
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codes,  Fire  spread,  Computer  programs,  Exposure, 
Cost  effectiveness,  Walls,  Fire  safety,  Reprints, 
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The  report  addresses  the  issue  of  developing  an  expert 
or  knowledge-based  system  that  deals  with  the  prob- 
lem of  preventing  the  spread  of  fire  between  buildings. 
A  knowledge-based  program,  EXPOSURE,  has  been 
developed  that  facilitates  using  more  appropriate  tech- 
nology, expanding  the  problem  domain,  and  providing 
cost-effective  solutions.  EXPOSURE  can  solve  the 
problem  of  the  prevention  of  the  spread  of  fire  between 
buildings  for  the  case  when  the  exposed  building  has 
combustible  walls.  The  use  of  the  expert  system  EX- 
POSURE and  NFPA  80A  produce  significantly  dif- 
ferent recommended  minimum  separation  between 
buildings.  In  one  case  the  separation  required  by 
NFPA  80A  was  more  than  five  times  greater  than  what 
EXPOSURE  recommended.  The  program  dem- 
onstrates that  significant  cost  savings  in  achieving  the 
desired  level  of  fire  safety  and  in  assuring  the  levels 
of  safety  can  be  obtained  by  use  of  expert  system  fire 
codes. 
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The  paper  describes  the  Forum  for  International  Co- 
operation on  Fire  Research  (FORUM)  and  its  rule  in 


the  Nordic  Fire  Safety  Engineering  Symposium.  The 
FORUM  is  an  informal  group  of  individuals  who  direct 
fire  research  programs  and  laboratories.  This  group 
shares  a  common  commitment  to  the  advance  of  fire 
safety  engineering  through  cooperation  in  research 
and  its  application.  The  paper  suggests  actions  need- 
ed to  accelerate  the  advance  of  fire  safety  engineering. 
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Recently,  in  the  U.S.A.,  fire  deaths  and  injuries  have 
plateaued  (and  may  even  be  increasing)  and  the  costs 
of  fire  safety  to  society  have  been  increasing  and  in 
most  cases  well  ahead  of  inflation.  The  paper  presents 
a  preliminary  analysis  of  this  situation  from  the  per- 
spective of  the  potential  contribution  of  fire  research. 
It  points  to  the  need  for  major  technical  innovations  in 
five  areas  to  provide  the  basis  for  legitimizing  fire  pre- 
vention technology,  or  what  we  have  termed  the  tech- 
nologies for  assured  fire  safety.  These  technologies 
may  complement  and  strengthen  the  traditional  fire 
safety  strategies,  further  reducing  the  losses  to  fire  and 
the  economic  burdens  of  fire  on  society. 

04,871 

PB96-154570       PC  A03/MF  A01 

National  Inst,  of  Standards  and  Technology  (BFRL), 

Gaithersburg,  MD.  Office  of  Applied  Economics. 

AutoBid  2.0:  The  Microcomputer  System  for  Police 

Patrol  Vehicle  Selection. 

S.  F.  Weber.  Feb  96,  12p,  NISTIR-5787. 

Sponsored  by  National  Inst,  of  Justice,  Washington, 

DC. 

Keywords:  'Police  patrol  cars,  'Fleet  management, 
'Acquisition,  'Decision  support  systems,  Selection. 
Ranking,  Ratings,  Factor  analysis,  Cost  benefit  analy- 
sis, Performance  evaluation,  Procurement,  Decision 
making,  Optimization,  Police  vehicles,  User 
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This  report  is  the  user  manual  for  a  microcomputer  sys- 
tem designed  to  help  police  fleet  administrators  select 
the  patrol  vehicle  that  is  best  suited  to  their  needs.  The 
system  is  called  AutoBid  and  uses  vehicle  perform- 
ance test  data  for  police  patrol  package  models  pub- 
lished annually  by  the  Michigan  State  Police.  The  sys- 
tem offers  two  vehicle  selection  methods:  perform- 
ance-based and  value-based.  Performance  selection 
is  based  on  both  vehicle  test  scores  alone.  It  ranks  ve- 
hicles by  their  overall  test  performance  independent  of 
cost.  Value  selection  is  based  on  both  vehicle  cost  and 
test  scores.  It  identifies  which  vehicle  is  the  'Best  Buy' 
in  terms  of  the  lowest  cost  for  equivalent  test  perform- 
ance and  ranks  the  vehicles  by  the  bid  price  adjusted 
for  performance.  Either  or  both  of  these  methods  may 
be  used  for  a  given  fleet  acqusition  decision. 
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This  is  a  directory  of  organizations  that  are  active  in 
one  or  more  areas  of  the  criminal  justice  system,  in- 
cluding law  enforcement,  courts,  corrections  and  reha- 
bilitation. The  directory  lists  national  organizations  pri- 
marily, but  also  includes  regional  organizations  and 
local  organizations  of  special  interest  as  well  as  inter- 
national organizations  which  have  a  significant  number 
of  American  members,  a  U.S.  chapter  or  subcommit- 
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NBS/NIST  Peltier-Effect  Microcalorimeter:  A  Four-Decade 
Review. 

PB96-102769  01,064 

Metrology  for  Electromagnetic  Technology:  A  Bibliography 

of  NIST  Publications,  September  1995. 

PB96-128269  01,938 


Panel  Discussion  on  Units  in  Magnetism. 
PB96- 137773 

Optoelectronics  at  NIST. 
PB96-200860 
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USCEA/NIST  Measurement  Assurance  Programs  for  the 
Radiopharmaceutical  and  Nuclear  Power  Industries. 
PB97-1 10514  03,721 

MEASUREMENT  SYSTEMS 

Length  Metrology  of  Complimentary  Small  Plastic  Rulers. 
PB96-161724  04,096 

MEASUREMENT  UNCERTAINTY 

Assessment  of  Uncertainties  of  Calibration  of  Resistance 
Thermometers  at  the  National  Institute  of  Standards  and 
Technology. 

PB94- 142478  02,624 

Uncertainty  Analysis  of  the  NIST  Nitrogen  Flow  Facility. 
PB95- 128906  02.608 


MEASURING  INSTRUMENTS 

Methods     of  Measuring 

Hygrometers. 

AD-A278  851/1 


Humidity     and  Testing 
00, 123 


Technologic  Papers  of  the  Bureau  of  Standards:  Number 
170.  Pyrometric  Practice. 

AD- A279  282/8  03,766 
Guide  to  Instrumentation  Literature. 

AD-A280  278/3  02,617 

Development    of    Measurement    Capabilities   for  the 
Thermophysical  Properties  of  Energy-Related  Fluids.  An- 
nual Report,  December  1,  1990-November  30,  1991. 
DE94004399  02,470 

Development    of    Measurement    Capabilities   for  the 
Thermophysical  Properties  of  Energy-Related  Fluids.  An- 
nual Report,  December  1,  1993-November  30,  1994. 
DE94017738  03,246 

Minutes  of  the  CAALS  Workshop  on  modularity  and  com- 
munications standards. 

DE95005780  02.621 

Partial  Pressure  Analysis  in  Space  Testing. 
N95- 14084/4 


04.827 

NIST  Handbook  44,  1994:  Specifications,  Tolerances  and 
Other  Technical  Requirements  for  Weighing  and  Measur- 
ing Devices  as  Adopted  by  the  78th  National  Conference 
on  Weights  and  Measures  1993. 

PB94- 136009  02,888 
Transient  Methods  for  Thermal  Conductivity. 
PB94-198405  04,797 

Microanalysis  to  Nanoanalysis:  Measuring  Composition  at 
High  Spatial  Resolution. 

PB95-107173  00,563 

NIST  Handbook  44,  1995:  Specifications,  Tolerances  and 
Other  Technical  Requirements  for  Weighing  and  Measur- 
ing Devices  as  Adopted  by  the  79th  National  Conference 
on  Weights  and  Measures  1994. 

PB95-1 46379  02,903 

Airborne  Smoke  Sampling  Package  for  Field  Measure- 
ments of  Fires. 

PB95-150041  01,381 
Two  New  Probes  for  a  Coordinate  Measuring  Machine. 
PB95-163093  02,653 
Characterization  of  a  Health  Physics  Instrument  Calibra- 
tion Range. 

PB95-164554  03,629 
High-Pressure  Equilibrium  Cell  for  Solubility  Measure- 
ments in  Supercritical  Fluids. 

PB95-1 75634  00,998 

Interim  Testing  Artifact  (ITA):  A  Performance  Evaluation 
System  for  Coordinate  Measuring  Machines  (CMMs). 
User  Manual. 

PB95-210589  02,914 
Gage  Block  Handbook. 

PB95-251716  02,667 
NIST  Handbook  44,  1996:  Specifications,  Tolerances, 
and  Other  Technical  Requirements  for  Weighing  and 
Measuring  Devices  as  Adopted  by  the  80th  National  Con- 
ference on  Weights  and  Measures,  1995. 
PB96-166616  02,926 

MEATS 

Inter-Laboratory  Trials  of  the  EPR  Method  for  the  Detec- 
tion of  Irradiated  Meats  Containing  Bone. 
PB96-161690  00,042 

MECC  (MICELLAR  ELECTROKINETIC  CAPILLARY 
CHROMATOGRAPHY) 

Separation  and  Identification  of  Organic  Gunshot  and  Ex- 
plosive Constituents  by  Micellar  Electrokinetic  Capillary 
Electrophoresis. 

PB95-107249  00,566 
MECHANICAL  ENGINEERING 

Tribology  Education:  Present  Status  and  Future  Chal- 
lenges. 

PB94-2 12362  02,965 
Product  Models  and  Virtual  Prototypes  in  Mechanical  En- 
gineering. 

PB95-253563  02, 783 

MECHANICAL  PROPERTIES 

Cryogenic  Materials  Data  Handbook. 

AD-A286  675/4  03,303 
Effect  of  Backfill  and  Atomizing  Gas  on  the  Powder  Po- 
rosity and  Mechanical  Properties  of  304L  Stainless  Steel. 
PB94-1 85394  03,205 

Micro-Mechanical  Aspects  of  Asperity-Controlled  Friction 

in  Fiber-Toughened  Ceramic  Composites. 

PB94- 199536  03,136 

Assessment  of  Testing  Methodology  for  Ceramic  Matrix 
Composites. 

PB94-200532  03, 139 

Tribological  Characteristics  of  Alpha-Alumina  at  Elevated 
Temperatures. 

PB94-211018  02,963 
Fundamental  Computer  Simulation  Models  for  Cemer!- 
Based  Materials. 

PB95- 126009  00,364 

Comparison  of  Fire  Sprinkler  Piping  Materials:  Steel, 
Copper,  Chlorinated  Polyvinyl  Chloride  and  Polybutylene, 
in  Residential  and  Light  Hazard  Installations. 
PB95-1 82267  00,299 


Low-Temperature  Properties  of  Silver, 

PB96-126198  03,361 

MECHANICAL  TESTS 

Recent  VAMAS  Activity  in  Ceramics. 

PB95- 162681  03,051 

MECHANICAL  VIBRATION 

Testing  the  Sensitivity  of  Accelerometers  Using  Mechani- 
cal Shock  Pulses  Under  NIST  Special  Publication  250 
Test  No.  24040S. 

PB96- 179544  02,683 

MECHANICS:  DESIGN/TESTING/MEASUREMENT 

Recommended  Changes  in  ASTM  Test  Methods  D2512- 
82  and  G86-84  for  Oxygen-Compatibility  Mechanical  Im- 
pact Tests  on  Metals. 

PB94-216694  03,338 

Ultrasonic  Measurement  of  Residual  Stress  in  Railroad 
Wheel  Rims. 

PB95- 140430  04,849 

Fundamental  Mechanisms  for  CO  and  Soot  Formation. 
PB95-143160  01,380 

Ultrasonic  Technique  for  Sizing  Voids  Using  Area  Func- 
tions. 

PB95-151916  02.904 

Leady  Axisymmetric  Modes  in  Infinite  Clad  Rods.  Part  1. 
PB95- 162905  04,187 

Elastic  Green's  Function  for  a  Bimaterial  Composite  Solid 
Containing  a  Free  Surface  Normal  to  the  Interface. 
PB95- 163325  03,162 

Green's  Function  for  Generalized  Hilbert  Problem  for 
Cracks  and  Free  Surfaces  in  Composite  Materials. 
PB95- 163333  03,163 

Generalized  Plane  Strain  Analysis  of  a  Bimaterial  Com- 
posite Containing  a  Free  Surface  Normal  to  the  Interface. 
PB95- 163341  03,164 

Stylus  Flight  in  Surface  Profiling. 

PB96-123138  02,675 

Ultrasonic  Sensing  of  GMAW:  Laser/EMAT  Defect  Detec- 
tion System. 

PB96- 186028  02,878 

Determination  of  Sheet  Steel  Formability  Using  Wide 

Band  Electromagnetic-Acoustic  Transducers. 

PB96- 186036  02,279 

Effect  of  Liftoff  on  Accuracu  of  Phase  Velocity  Measure- 
ments Made  with  Electromagnetic-Acoustic  Transducers. 
PB96- 186044  02,280 

Methods  to  Improve  the  Accuracy  of  On-Line  Ultrasonic 

Measurement  of  Steel  Sheet  Formability. 

PB96- 186051  02,281 

Hemispherical  Test  Fixture  for  Measuring  the  Wavefields 
Generated  in  an  Anisotropic  Solid. 

PB96- 190087  03,787 

Sensing  Droplet  Detachment  and  Electrode  Extension  for 
Control  of  Gas  Metal  Arc  Welding. 

PB96-190160  03,297 
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Dilemma-Preservation  versus  Access. 

PB94- 198488  02,77  7 

MEDICAL  IMPLANTS 

International  Standards  and  Reference  Materials. 

PB97-1 13120  00,188 

MEDICAL  RESEARCH 

Publication  and  Presentation  Abstracts,  1993.  (Published 
by  Paffenbarger  Research  Center  and  Center  of  Excel- 
lence for  Materials  Science  Research). 
PB95- 153052  03,562 

Publications  and  Presentation  Abstracts,  1995.  (Published 
by  Paffenbarger  Research  Center  and  Center  of  Excel- 
lence for  Materials  Science  Research). 
PB96-119250  03,568 

Publication  and  Presentation  Abstracts,  1995. 

PB96- 164082  03,576 

Publication  and  Presentation  Abstracts,  1994. 

PB96- 176623  03,577 

Publication  and  Presentation  Abstracts,  1996. 

PB97- 122238  03,585 

MEDICAL  SUPPLIES 

Polymers  Technical  Activities  1994.  NAC-NRC  Assess- 
ment Panel,  April  6-7,  1995. 

PB95-209896  07,275 
Polymers  Technical  Activities,  1995. 

PB96-193719  07,29) 
MEDICINAL  PLANTS 

Preliminary  Investigation  of  Oleoresin  Capsicum. 

PB96- 179486  03,520 

MEDIUM-SIZED  BUSINESSES 

Opportunities  for  Innovation:  Pollution  Prevention. 
PB95-147146  02,520 

MEETINGS 

Weatherability  of  Plastic  Materials. 

AD-A301  675/5  02,968 

VAMAS  interlaboratory  comparisons  of  critical  current  vs. 
strain  in  Nb(sub  3)Sn. 

DE95016656  04,433 

Proceedings  of  the  Digital  Systems  Reliability  and  Nu- 
clear Safety  Workshop.  Held  in  Rockville,  Maryland  on 
September  13-14,  1993. 

NUREG/CP-0136  03,728 
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Electroacoustics  for  Characterization  of  Particulates  and 
Suspensions.   Proceedings  of  a  Workshop.   Held  in 
Gaithersburg,  Maryland  on  February  3-4,  1993. 
PB94- 112695  00,725 

Report  of  the  NIST  Workshop  on  Digital  Signature  Certifi- 
cate Management.  Held  on  December  10-11,  1992. 
PB94-135001  01,574 

Report  of  the  National  Conference  on  Weight  and  Meas- 
ures (78th).  Held  in  Kansas  City,  MO.  on  July  18-22, 
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PB94- 138989  02,623 

Report  on  Application  Integration  Architectures  (AIA) 
Workshop.  Held  in  Dallas,  Texas  on  February  8-12,  1993. 
PB94-142536  01.803 

Photonic  Materials:  A  Report  on  the  Results  of  a  Work- 
shop. Held  in  Gaithersburg,  Maryland  on  August  26-27, 
1992,  Volume  1. 

PB94- 152733  02,114 

Report  on  the  Workshop  on  Manufacturing  Polymer  Com- 
posites by  Liquid  Molding.  Held  in  Gaithersburg,  Maryland 
on  September  20-22,  1993. 

PB94- 160066  03,737 

Proceedings  of  the  Workshop  on  the  Federal  Criteria  for 
Information  Technology  Security.  Held  in  Ellicot  City, 
Maryland  on  June  2-3,  1993. 

PB94- 162583  01,575 

Advanced  Components  for  Electric  and  Hybrid  Electric 
Vehicles.  Workshop  Proceedings.  Held  in  Gaithersburg, 
Maryland  on  October  27-28,  1993. 

PB94- 177060  04.858 

Second  Text  REtrieval  Conference  (TREC-2).  Held  in 
Gaithersburg,  Maryland  on  August  31 -September  2, 
1993. 

PB94- 178407  01.686 

International  Institute  of  Welding:  Report  on  1992  Actions. 
PB94-185873  02,856 

International  Institute  of  Welding:  Report  on  1993  Actions. 


PB94-1 85881 


02,857 


Workshop  on  Characterizing  Diamond  Films  (3rd).  Held  in 

Gaithersburg,  Maryland  on  February  23-24,  1994. 

PB94- 187663  04,456 

Second  Census  Optical  Character  Recognition  Systems 
Conference. 

PB94-188711  01,832 

U.S.  Green  Building  Conference,  1994. 

PB94-206364  02,579 

Technical  Digest:  Symposium  on  Optical  Fiber  Measure- 
ments (8th),  1994.  Held  in  Boulder,  Colorado  on  Septem- 
ber 13-15,  1994. 

PB94-207636  04,237 

International  Conference  on  Chemical  Kinetics  (2nd). 
Held  in  Gaithersburg,  Maryland  on  July  24-27,  1989. 
PB94-211901  00,822 

Summary  of  the  Proceedings  of  the  Workshop  on  Stand- 
ard Phantoms  for  In-vivo  Radioactivity  Measurement. 
PB94-2 12933  03,622 

Head  Start  on  Assurance:  Proceedings  of  an  Invitational 
Workshop  on  Information  Technology  (IT)  Assurance  and 
Trustworthiness.  Held  in  Williamsburg,  Virginia  on  March 
21-23,  1994. 

PB94-215746  01,536 

NIST  Workshop  on  Nanostructured  Material  (1st):  Report 
of  an  Industrial  Workshop  Conducted  by  the  National  In- 
stitute   of    Standards    and    Technology.     Held  in 
Gaithersburg,  Maryland  on  May  14-15,  1992. 
PB94-2 18567  02,973 

Polymer  Composites  Workshop.  Held  in  Winona,  Min- 
nesota on  April  29-30,  1992  (Video). 

PB94-780129  03,747 

Report  on  the  Workshop  on  Advanced  Digital  Video  in 
the  National  Information  Infrastructure.  Held  in  Washing- 
ton, D.C.  on  May  10-11,  1994. 

PB95-103677  07,472 

In  Situ  Burning  Oil  Spill  Workshop  Proceedings.  Held  in 

Orlando,  Florida  on  January  26-28,  1994. 

PB95-1 04907  02,583 

Extreme  Value  Theory  and  Applications:  Proceedings  of 
the  Conference  on  Extreme  Value  Theory  and  Applica- 
tions, Volume  3.  Held  in  Gaithersburg,  Maryland  in  May 
1 993. 

PB95-1 04956  03.432 

Annual  Conference  on  Fire  Research:  Book  of  Abstracts, 
October  17-20,  1994. 

PB95-104964  01.376 

Global  Climatic  Effects  of  Aerosols:  The  AAAR  Sympo- 
sium. 

PB95-108791  00,122 

NIST  Workshop  on  the  Computer  Interface  to  Flat  Panel 
Displays.  Held  in  San  Jose,  California  on  January  13-14, 
1994. 

PB95- 136388  01,625 

Summary  Report  of  NIST's  Industry-Government  Consor- 
tium Research  Program  on  Flowmeter  Installation  Effects: 
The  45  Degree  Elbow. 

PB95-1 43061  04,204 

Metrology  and  Data  for  Microelectronic  Packaging  and 
Interconnection:  Results  of  a  Joint  Workshop  on  Materials 
Metrology  and  Data  for  Commercial  Electrical  and  Optical 
Packaging  and  Interconnection  Technologies.  Held  in 


Gaithersburg,  Maryland  on  May  5-6,  1994.  Volume  1.  Re- 
sults. 

PB95-143111  02,328 

Metrology  and  Data  for  Microelectronic  Packaging  and 
Interconnection:  Results  of  a  Joint  Workshop  on  Materials 
Metrology  and  Data  for  Commercial  Electrical  and  Optical 
Packaging  and  Interconnection  Technologies.  Held  in 
Gaithersburg,  Maryland  on  May  5-6,  1994.  Volume  2. 
Presentation  Material. 

PB95-143327  02,330 

Wind  and  Seismic  Effects.  Proceedings  of  the  U.S. -Japan 
Cooperative  Program  in  Natural  Resources  Panel  on 
Wind  and  Seismic  Effects  (26th).  Held  in  Gaithersburg, 
Maryland  on  May  17-20,  1994. 

PB95-147385  00,433 

Program  Requirements  to  Advance  the  Technology  of 
Custom  Footwear  Manufacturing. 

PB95-147906  02,883 

Journal  of  Research  of  the  National  Institute  of  Standards 
and  Technology,  July/August  1994.  Volume  99,  Number 
4.  Special  Issue:  Extreme  Value  Theory  and  Applications. 
Proceedings  of  the  Conference  on  Extreme  Value  Theory 
and  Applications,  Volume  2.  Held  at  Gaithersburg,  Mary- 
land, in  May  1993. 

PB95-1 60594  03,440 

Forum  for  International  Cooperation  on  Fire  Research. 
PB95- 162939  04,869 

Journal  of  Research  of  the  National  Institute  of  Standards 
and  Technology,  September/October  1994.  Volume  99, 
Number  5. 

PB95-1 69371  04,293 

Report  of  the  National  Conference  on  Weights  and  Meas- 
ures (79th).  Held  in  San  Diego,  California  on  July  17-21, 
1994. 

PB95-169819  02,656 

Workshop  Summary  Report:  Industrial  Applications  of 
Scanned  Probe  Microscopy.  A  Workshop  Co-sponsored 
by  NIST,  SEMATECH,  ASTM,  E42.14,  and  the  American 
Vacuum  Society.  Held  in  Gaithersburg,  Maryland  on 
March  24-25,  1994. 

PB95-170387  00,506 

From  Superconductivity  to  Supernovae:  The  Ginzburg 
Symposium.  Report  on  the  Symposium  Held  in  Honor  of 
Vitaly  L.  Ginzburg.  Held  in  Gaithersburg,  Maryland  on 
May  22,  1992. 

PB95-171963  04,649 

Proceedings:  Workshop  on  Research  Needs  in  Wind  En- 
gineering. Held  in  Gaithersburg,  Maryland  on  September 
12-13,  1994. 

PB95-189528  00,448 

Proceedings  of  the  Manufacturing  Technology  Needs  and 
Issues:  Establishing  National  Priorities  and  Strategies 
Conference.  Held  in  Gaithersburg,  Maryland  on  April  26- 
28,  1994. 

PB95-206181  02,930 
NIST  Workshop  on  Gas  Sensors:  Strategies  for  Future 
Technologies.   Proceedings  of  a  Workshop.  Held  in 
Gaithersburg,  Maryland  on  September  8-9,  1993. 
PB95-210225  00,507 

Overview  of  the  Text  REtrieval  Conference  (3rd)  (TREC- 
3).  Held  in  Gaithersburg,  Maryland  on  November  2-4, 
1994. 

PB95-216883  01,728 

Study  of  Potential  Applications  of  Automation  and  Robot- 
ics Technology  in  Construction,  Maintenance  and  Oper- 
ation of  Highway  Systems:  A  Final  Report.  Volume  3. 
PB95-251690  01,342 

International  Green  Building  Conference  and  Exposition 
(2nd).  Held  in  Big  Sky,  Montana  on  August  13-15,  1995. 
PB95-253605  02,525 

Proceedings  of  the  Applied  Diamond  Conference  1995: 
Applications  of  Diamond  Films  and  Related  Materials 
International  Conference  (3rd).  Held  in  Gaithersburg, 
Maryland,  on  August  21-24,  1995. 

PB95-255204  04,701 

Applications  of  Diamond  Films  and  Related  Materials: 
International  Conference  (3rd).  Held  in  Gaithersburg, 
Maryland  on  August  21-24,  1995.  Supplement  to  NIST 
Special  Publication  885. 

PB95-256053  03,063 

Proceedings  of  the  1995  Workshop  on  Fire  Detector  Re- 
search. Held  on  February  6-7,  1995. 

PB95-270062  02,611 

Joint  DoD/NIST  Workshop  on  International  Manufacturing 
Systems  Research  and  Development.  Held  in  Rockville, 
Maryland  on  November  3-5,  1992.  Proceedings. 
PB96-109491  02,931 

Composite  Materials  for  Offshore  Operations:  Proceed- 
ings of  the  International  Workshop  (1st).  Held  in  Houston, 
Texas  on  October  26-28,  1993. 

PB96- 109509  03,169 

Proceedings  of  the  Annual  Manufacturing  Technology 
Conference  (2nd):  Toward  a  Common  Agenda.  Held  in 
Gaithersburg,  Maryland  on  April  18-20,  1995. 
PB96-1 12693  02,887 

Journal  of  Research  of  the  National  Institute  of  Standards 
and  Technology,  July/August  1995.  Volume  100,  Number 
4.  Special  Issue:  The  Gaseous  Electronics  Conference 
Radio-Frequency  Reference  Cell. 

P896-1 13311  02.386 

Current  and  Voltage  Measurements  in  the  Gaseous  Elec- 
tronics Conference  RF  Reference  Cell. 
PB96-1 13337  02.388 


Optical  Emission  Spectroscopy  on  the  Gaseous  Elec- 
tronics Conference  RF  Reference  Cell. 
PB96-1 13345  02,389 

Optical  Diagnostics  in  the  Gaseous  Electronics  Con- 
ference Reference  Cell. 

PB96-1 13352  02,390 

Studies  of  Ion  Kinetic-Energy  Distributions  in  the  Gase- 
ous Electronics  Conference  RF  Reference  Cell. 
PB96-1 13360  02,391 

Microwave  Diagnostic  Results  from  the  Gaseous  Elec- 
tronics Conference  RF  Reference  Cell. 
PB96-1 13378  02.392 

Langmuir  Probe  Measurements  in  the  Gaseous  Elec- 
tronics Conference  RF  Reference  Cell. 
PB96-1 13386  02,393 

Inductively  Coupled  Plasma  Source  for  the  Gaseous 

Electronics  Conference  RF  Reference  Cell. 

PB96- 113394  02,394 

Reactive  Ion  Etching  in  the  Gaseous  Electronics  Con- 
ference RF  Reference  Cell. 

PB96-1 13402  02,395 

Dusty  Plasma  Studies  in  the  Gaseous  Electronics  Con- 
ference Reference  Cell. 

PB96-113410  02,396 

One-Dimensional  Modeling  Studies  of  the  Gaseous  Elec- 
tronics Conference  RF  Reference  Cell. 
PB96-113428  02,397 

Two-Dimensional  Self-Consistent  Radio  Frequency  Plas- 
ma Simulations  Relevant  to  the  Gaseous  Electronics 
Conference  RF  Reference  Cell. 

PB96-1 13436  02,398 

Post-Earthquake  Fire  and  Lifelines  Workshop.  Held  in 
Long  Beach,  California  on  January  30-31,  1995.  Proceed- 
ings. 

PB96-1 17916  00,209 

Journal  of  Research  of  the  National  Institute  of  Standards 
and  Technology,  March/April  1995.  Volume  100,  Number 

2. 

PB96-126180  04.349 

Metrology  Issues  in  Terahertz  Physics  and  Technology. 
PB96-128277  07,939 

Solid  Propellant  Gas  Generators:  Proceedings  of  the 
1995  Workshop.  Held  in  Gaithersburg,  Maryland  on  June 
28-29,  1995. 

PB96-131479  07,472 

Summary  Report:  Workshop  on  Industrial  Applications  of 
Scanned  Probe  Microscopy  (2nd).  A  Workshop  Co-Spon- 
sored by  NIST,  SEMATECH,  ASTM  E42.14,  and  the 
American  Vacuum  Society.  Held  in  Gaithersburg,  Mary- 
land on  May  2-3,  1995. 

PB96-131602  00,509 

Computer-Aided  Manufacturing  Engineering  Forum  (1st). 
Technical  Meeting  Proceedings.  Held  in  Gaithersburg, 
Maryland  on  March  21-22,  1995. 

PB96-136965  02,834 

Report  on  1994  Actions  of  the  International  Institute  of 
Welding. 

PB96- 138540  02,873 

Summary  and  Results  of  the  NIST  Workshop  on  Pro- 
posed Guidelines  for  Testing  and  Evaluation  of  Seismic 
Isolation  Systems.  Held  in  San  Francisco,  California  on 
July  25,  1994. 

PB96-154901  00,463 

Conference  Proceedings:  International  Workshop  on  In- 
strumented Indentation.  Held  in  San  Diego,  California  on 
April  22-23,  1995. 

PB96-158688  07,943 

Executive  Summary:  Proceedings  of  the  Workshop  on  the 
Measurement  of  Transient  Pressure  and  Temperature. 
PB96-160841  02,679 

Response  to  Comments  on  the  NIST  Proposed  Digital 
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Neon.  7.  CO(+),  C202(+),  and  C202(-).  (Reannouncement 
with  New  Availability  Information). 

AD-A239  7297  00.706    PC  A03/MF  A01 

ARO-25664.12-CH 

Vibrational  Spectra  of  Molecular  Ions  Isolated  in  Solid 
Neon:  HCCH+  and  HCC-.  (Reannouncement  with  New 
Availability  Information), 

AD-A253  551/6  00,707    PC  A03/MF  A01 

ARO-26123.2-MS 
Characterization  of  the  Densification  of  Alumina  by  Multiple 
Small-Angle  Neutron  Scattering.  (Reannouncement  with 
New  Availability  Information). 

AD-A249  179/3  03,024    PC  A02/MF  A01 

ARO-26123.3-MS 

Effect  of  Green  Density  and  the  Role  of  Magnesium  Oxide 
Additive  on  the  Densification  of  Alumina  Measured  by 
Small-Angle  Neutron  Scattering.  (Reannouncement  with 
New  Availability  Information). 

AD-A244  582/3  03,022    PC  A02/MF  A01 

ARO-26123.4-MS 

Evolution  of  the  Pore  Size  Distribution  in  Final-Stage  Sinter- 
ing of  Alumina  Measured  by  Small-Angle  X-ray  Scattering. 
(Reannouncement  with  New  Availability  Information). 
AD- A249  178/5  03,023    PC  A03/MF  A01 

ARO-26123.5-MS 
Small-Angle  Neutron  Scattering  Characterization  of  Proc- 
essing/Microstructure  Relationships  in  the  Sintering  of  Crys- 
talline and  Glassy  Ceramics.  (Reannouncement  with  New 
Availability  Information). 

AD-A249  510/9  03,025    PC  A03/MF  A01 

ARO-29596.1-CH 

Microwave  Spectrum  and  Structure  of  CH3NO2-H20. 
AD-A296  377/5  00,719    PC  A03/MF  A01 

ARO-29596.2-CH 

Thermal  Decomposition  Pathways  in  Nitramine  Propellants. 
AD- A295  896/5  03,753    PC  A03/MF  A01 

ARO-30094.3-CH 

Vibrational  Spectra  of  Molecular  Ions  Isolated  in  Solid 
Neon.  11.  N02(+),  N02(-).  and  N03(-). 
AD-A275  828/2  00,708    Not  available  NTIS 

ARO-30094.4-CH 

Infrared  and  Near-Infrared  Spectra  of  HCC  and  DCC 
Trapped  in  Solid  Neon. 

AD-A295  578/9  03,773    PC  A03/MF  A01 

ARO-30094.5-CH 
Spectroscopic  Study  of  Reaction  Intermediates  and  Mecha- 
nisms in  Nitramine  Decomposition  and  Combustion. 
AD-A296  061/5  03,774    PC  A03/MF  A01 

ARPA-7829-2 
Submarine  Automation:  Demonstration  No.  5. 
PB95-251633  03,748    PC  A03/MF  A01 

BUAER-16-1-519-SUPP-1 
Handbook  Preferred  Circuits  Navy  Aeronautical  Electronic 
Equipment.  Supplement  Number  1. 

AD-A278  784/4  00,028    PC  A05/MF  A01 

BUAER-16-1-519-SUPP-2 

Handbook  Preferred  Circuits  Navy  Aeronautical  Electronic 
Equipment.  Supplement  Number  2. 

AD-A278  783/6  00,027    PC  A03/MF  A01 

CAM-9201 

Structural  Ceramics  Database.  Topical  Report,  June  1989- 
May  1991. 

PB95-203758  03.060    PC  A04/MF  A01 

CBRM-TR-91-2 

Rare-Earth  Isotopes  as  Tracers  of  Particulate  Emissions: 
An  Urban  Scale  Test. 

PB94-161635  02,535    PC  A03/MF  A01 

CONF-890701-32 

Magnetic  Characteristics  and  Measurements  of  Filamentary 

Nb-Ti  Wire  for  the  Superconducting  Super  Collider. 

DE94005988  03,775    PC  A02/MF  A01 

CONF-931 156-41 

Low  Temperature  H(sub  2)S  Separation  Using  Membrane 

Reactor  with  Redox  Catalyst. 

DE94008991  02,471    PC  A02/MF  A01 

CONF-8710535 

Ceramic  Characterization. 

DE94013170  03,026    PC  A02/MF  A01 

CONF-8902131-2 

Transverse  stress  effect  on  the  critical  current  of  internal  tin 
and  bronze  process  Nb(sub  3)Sn  superconductors. 
DE95016659  04,434    PC  A01/MF  A01 

CONF-8902131-3 
VAMAS  interlaboratory  comparisons  of  critical  current  vs. 
strain  in  Nb(sub  3)Sn. 

DE95016656  04.433    PC  A01/MF  A01 

CONF-9305134-3-APP.A 

Development  of  a  Dual-Sinker  Densimeter  for  High-Accu- 
racy Fluid  P-V-T  Measurements.  Appendix  A. 
DE93019682  02,620    PC  A02/MF  A01 

CONF-93051 34-4-APP.B 
Dielectric  Studies  of  Fluids  with  Reentrant  Resonators.  Ap- 
pendix B. 

DE93019683  03,244    PC  A02/MF  A01 

CONF-9307232-SUMM 

Small  genomes:  New  initiatives  in  mapping  and  sequencing. 
Workshop  summary  report. 

DE96014476  03,451    PC  A05/MF  A01 
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CONF-9404137-5 

Ebulliometers  for  Measuring  the  Thermodynamic  Properties 
of  Fluids  and  Fluid  Mixtures. 

DE94017817  04,195    PC  A02/MF  A01 

CONF-9404137-6 
Measurement  of  the  Thermal  Properties  of  Electrically  Con- 
ducting Fluids  Using  Coated  Transient  Hot  Wires. 
DE94017816  00.722    PC  A02/MF  A01 

CRPL-9-8 

Standard  of  Attenuation  for  Microwave  Measurements. 
AD-A297  905/2  01,517    PC  A02/MF  A01 

CS270-65 

Acrylonitrile-Butadiene-Styrene  (ABS)  Plastic  Drain,  Waste, 
and  Vent  Pipe  and  Fittings. 

AD-A310  724/0  00,327    PC  A03/MF  A01 

DE94-017162 

Economic,  Energy,  and  Environmental  Impacts  of  the  En- 
ergy-Related Inventions  Program. 

DE94-017162  00.008    PC  A05/MF  A02 

DE93019682 

Development  of  a  Dual-Sinker  Densimeter  for  High-Accu- 
racy Fluid  P-V-T  Measurements.  Appendix  A. 
DE93019682  02.620    PC  A02/MF  A01 

DE93019683 

Dielectric  Studies  of  Fluids  with  Reentrant  Resonators.  Ap- 
pendix B. 

DE93019683  03,244    PC  A02/MF  A01 

OE93041307 

Review  of  Corrosion  Behavior  of  Ceramic  Heat  Exchanger 
Materals:  Corrosion  Characteristics  of  Silicon  Carbide  and 
Silicon  Nitride.  Final  Report,  September  11,  1992-March 
11   1 993 

DE93041307  03,228    PC  A06/MF  A02 

DE94004236 

Thermophysical  Properties  of  HFC-143a  and  HFC-152a. 
Quarterly  Report,  1  July  1993--30  September  1993. 
DE94004236  03,245    PC  A03/MF  A01 

DE94004399 

Development    of    Measurement    Capabilities    for  the 
Thermophysical  Properties  of  Energy-Related  Fluids.  An- 
nual Report,  December  1,  1990--November  30,  1991. 
DE94004399  02,470    PC  A02/MF  A01 

DE94004400 

Determination  of  Atomic  Data  Pertinent  to  the  Fusion  En- 
ergy Program.  Progress  Report  for  FY  92. 
DE94004400  04,402    PC  A02/MF  A01 

DE94005988 

Magnetic  Characteristics  and  Measurements  of  Filamentary 
Nb-Ti  Wire  for  the  Superconducting  Super  Collider. 
DE94005988  03, 775    PC  A02/MF  A01 

DE94008991 

Low  Temperature  Hfsub  2)S  Separation  Using  Membrane 
Reactor  with  Redox  Catalyst. 

DE94008991  02,471    PC  A02/MF  A01 

DE94013170 

Ceramic  Characterization. 

DE94013170 
DE94013486 

Densification  of  Nano-Size  Powders.  1994  Report. 

DE94013486  03,027    PC  A03/MF  A01 

DE94013593 

Equipment  for  Investigation  of  Cryogenic  Compaction  of 
Nanosize  Silicon  Nitride  Powders.  1993  Report. 
DE94013593  03,028    PC  A03/MF  A01 

DE94014586 

Measuring  Performance  of  Parallel  Computers.  Final  Re- 
port. 

DE94014586  01,665    PC  A03/MF  A01 

DE94014587 

Measuring  Performance  of  Parallel  Computers.  Progress 
Report,  1989. 

DE94014587  01,666    PC  A03/MF  A01 

DE94014709 

Ionizing  radiation-induced  DNA  damage  and  its  repair  in 
human  cells.  Progress  report,  (April  1,  1993-February  28, 
1994). 

DE94014709  03,672    PC  A01/MF  A01 

DE94015308 

NIST  Cooperative  Laboratory  for  OSI  Routing  Technology. 
DE94015308  0  7,79)    PC  A03/MF  A01 

DE94017331 

Evaluation  of  the  Environmentally  Induced  Fracture  Resist- 
ance of  Ductile  Nickel  Aluminide.  Technical  Report  Number 
1,  Final  report.  October-December  1990. 
DE94017331  03,306    PC  A03/MF  A01 

DE94017332 

Comparison  of  the  Corrosion  Rates  of  FeAl,  Fe(sub  3)AI 
and  Steel  in  Distilled  Water  and  0.5  M  Sodium  Chloride. 
Technical  Report  Number  2,  January-March  1991. 
DE94017332  03,186    PC  A02/MF  A01 

DE94017351 

Evaluation  of  the  Electrochemical  Behavior  of  Ductile  Nickel 
Aluminide  and  Nickel  in  a  pH  7.9  Solution.  Technical  Report 
Number  3,  April-June  1991. 

DE94017351  03,307    PC  A02/MF  A01 

DE94017738 

Development    of    Measurement    Capabilities    for  the 
Thermophysical  Properties  of  Energy-Related  Fluids.  An- 
nual Report,  December  1,  1993-November  30  1994 
DE94017738  03.246    PC  A03/MF  A01 


03.026    PC  A02/MF  A01 


DE94017816 

Measurement  of  the  Thermal  Properties  of  Electrically  Con- 
ducting Fluids  Using  Coated  Transient  Hot  Wires. 
DE94017816  00,722    PC  A02/MF  A01 

DE94017817 

Ebulliometers  for  Measuring  the  Thermodynamic  Properties 
of  Fluids  and  Fluid  Mixtures. 

DE94017817  04,795    PC  A02/MF  A01 

DE94018562 

Atom-counting  standards  and  Doppler-free  resonance  ion- 
ization mass  spectroscopy.  (Progress  report). 
DE94018562  00,723    PC  A02/MF  A01 

DE94018563 

Improvement  of  Ultrasensitive  Techniques  Isotopic  Biasing 
in  the  RIS  Process  Ionization  Efficiencies  and  Selectivities. 
DE94018563  00,522    PC  A02/MF  A01 

DE94018565 

I:  Improvement  of  Resonance  Ionization  Spectroscopy  (RIS) 
Techniques;  II:  Atomic  Data  for  RIS;  III:  Standards  for 
Ultratrace  Analysis.  Progress  Report. 

DE94018565  00,523    PC  A02/MF  A01 

DE94018566 

Study  of  Laser  Resonance  Ionization  Mass  Spectrometry 
Using  a  Glow  Discharge  Source. 

DE94018566  03,308    PC  A01/MF  A01 

DE95002261 

Thermophysical  properties  of  HCFC  alternatives.  Quarterly 
report,  1  July  1994-30  September  1994. 
DE95002261  03,247    PC  A02/MF  A01 

DE95004446 

Electron-atom  collision  studies  using  optically  state  selected 
beams.  Progress  report.  May  15,  1987-May  14,  1988. 
DE95004446  03,776    PC  A03/MF  A01 

DE95004447 

Electron-atom  collision  studies  using  optically  state  selected 
beams.  Progress  report,  May  15,  1988-May  14,  1991. 
DE95004447  03,777    PC  A03/MF  A01 

DE95005780 

Minutes  of  the  CAALS  Workshop  on  modularity  and  com- 
munications standards. 

DE95005780  02,621    PC  A03/MF  A01 

DE95007065 

Electron  transport  calculations  with  biomedical  and  environ- 
mental applications.  Final  report,  December  23,  1992-Janu- 
ary  31,  1994. 

DE95007065  03,673    PC  A01/MF  A01 

DE95009287 

Atomic-scale  characterization  of  hydrogenated  amorphous- 
silicon  films  and  devices.  Annual  subcontract  report,  14 
February  1994-14  April  1995. 

DE95009287  02,294    PC  A03/MF  A01 

DE95011238 

Lean  flammability  limit  as  a  fundamental  refrigerant  prop- 
erty. Phase  1,  Interim  technical  report,  1  October  1994-31 
March  1995. 

DE95011238  03,248    PC  A03/MF  A01 

DE95011352 

Experimental  plan  to  determine  the  performance  of  the  Oak 
Ridge  National  Laboratory  Cold  Neutron  Moderator.  Final 
report,  September  1.  1993-November  30,  1993. 
DE95011352  03,778    PC  A03/MF  A01 

DE95011593 

Measurements  of  quantum  electrodynamic  sensitive  transi- 
tions in  Na-like  and  Cu-like  ions:  Final  report,  1  October 
1993-29  September  1994. 

DE95011593  04,403    PC  A02/MF  A01 

DE95013079 

Distributed  measurements  of  tracer  response  on  packed 
bed  flows  using  a  fiberoptic  probe  array.  Final  report. 
DE95013079  00,667    PC  A03/MF  A01 

DE95013505 

Low  temperature  fabrication  from  nano-size  ceramic  pow- 
ders. 

DE95013505  03.029    PC  A05/MF  A01 

DE95015476 

Electromechanical  properties  of  superconductors  for  DOE 
fusion  applications. 

DE95015476  04.432    PC  A04/MF  A01 

DE95016656 

VAMAS  interlaboratory  comparisons  of  critical  current  vs. 
strain  in  Nb(sub  3)Sn. 

DE95016656  04.433    PC  A01/MF  A01 

DE95016659 

Transverse  stress  effect  on  the  critical  current  of  internal  tin 
and  bronze  process  Nb(sub  3)Sn  superconductors. 
DE95016659  04,434    PC  A01/MF  A01 

DE95017761 

Report  of  the  Federal  Internetworking  Requirements  Panel. 
DE95017761  03.407    PC  A03/MF  A01 

DE96007979 

Experimental  assessment  of  absorbed  dose  to  mineralized 
bone  tissue  from  internal  emitters:  An  electron 
paramagnetic  resonance  study. 

DE96007979  03,614    PC  A02/MF  A01 

DE96010065 

Improving  measurement  quality  assurance  for  photon  irra- 
diations at  Department  of  Energy  facilities.  Final  technical 
report. 

DE96010065  03,777    PC  A03/MF  A01 


DE96010433 

Thermophysical  properties  of  HCFC  alternatives.  Quarterly 
report,  October  1-December  31,  1995. 
DE96010433  03,249    PC  A04/MF  A01 

DE96010579 

Thermophysical  properties  of  HCFC  alternatives.  Quarterly 
report,  April  1-June  30,  1995. 

DE96010579  03,250    PC  A05/MF  A01 

DE96014476 

Small  genomes:  New  initiatives  in  mapping  and  sequencing. 
Workshop  summary  report. 

DE96014476  03.451    PC  A05/MF  A01 

DOE/CE/23810-22A 

Thermophysical  Properties  of  HFC-143a  and  HFC-152a. 

Quarterly  Report,  1  July  1993-30  September  1993. 

DE94004236  03.245    PC  A03/MF  A01 

DOE/CE/23810-48A 

Thermophysical  properties  of  HCFC  alternatives.  Quarterly 

report,  1  July  1994-30  September  1994. 

DE95002261  03.247    PC  A02/MF  A01 

DOE/CE/23810-58 

Lean  flammability  limit  as  a  fundamental  refrigerant  prop- 
erty. Phase  1,  Interim  technical  report,  1  October  1994-31 

March  1995. 

DE95011238  03,248    PC  A03/MF  A01 

DOE/CE/23810-61A 

Thermophysical  properties  of  HCFC  alternatives.  Quarterly 
report,  April  1-June  30,  1995. 

DE96010579  03,250    PC  A05/MF  A01 

DOE/CE/23810-66A 

Thermophysical  properties  of  HCFC  alternatives.  Quarterly 
report,  October  1-December  31,  1995. 
DE96010433  03,249    PC  A04/MF  A01 

DOE/EH/89321-T1 
Improving  measurement  quality  assurance  for  photon  irra- 
diations at  Department  of  Energy  facilities.  Final  technical 
report. 

DE96010065  03,77  7    PC  A03/MF  A01 

DOE/EH/89334-T1 

Experimental  assessment  of  absorbed  dose  to  mineralized 
bone  tissue  from  internal  emitters:  An  electron 
paramagnetic  resonance  study. 

DE96007979  03,674    PC  A02/MF  A01 

DOE/ER/13520-T1 

Electron-atom  collision  studies  using  optically  state  selected 

beams.  Progress  report,  May  15,  1987-May  14,  1988. 

DE95004446  03,776    PC  A03/MF  A01 

DOE/ER/13520-T2 

Electron-atom  collision  studies  using  optically  state  selected 

beams.  Progress  report,  May  15,  1988-May  14,  1991. 

DE95004447  03,777    PC  A03/MF  A01 

DOE/ER/13770-T3 

Distributed  measurements  of  tracer  response  on  packed 

bed  flows  using  a  fiberoptic  probe  array.  Final  report. 

DE95013079  00,667    PC  A03/MF  A01 

DOE/ER/13823-T2 

Development    of    Measurement    Capabilities    for  the 
Thermophysical  Properties  of  Energy-Related  Fluids.  An- 
nual Report,  December  1,  1990-November  30,  1991. 
DE94004399  02,470    PC  A02/MF  A01 

DOE/ER/13823-T3 
Development    of    Measurement    Capabilities    for  the 
Thermophysical  Properties  of  Energy-Related  Fluids.  An- 
nual Report,  December  1.  1993-November  30,  1994. 
DE94017738  03,246    PC  A03/MF  A01 

DOE/ER/25046-T1 

Measuring  Performance  of  Parallel  Computers.  Final  Re- 
port. 

DE94014586  01,665  PC  A03/MF  A01 
DOE/ER/25046-T2 

Measuring  Performance  of  Parallel  Computers.  Progress 
Report,  1989. 

DE94014587  01,666  PC  A03/MF  A01 
DOE/ER/25114-1 

NIST  Cooperative  Laboratory  for  OSI  Routing  Technology. 
DE94015308  07,797    PC  A03/MF  A01 

DOE/ER/25188-T1 

Report  of  the  Federal  Internetworking  Requirements  Panel. 
DE95017761  03.407    PC  A03/MF  A01 

DOE/ER/53237-T1 

Determination  of  Atomic  Data  Pertinent  to  the  Fusion  En- 
ergy Program.  Progress  Report  for  FY  92. 
DE94004400  04,402    PC  A02/MF  A01 

DOE/ER/60447-T2 

Atom-counting  standards  and  Doppler-free  resonance  ion- 
ization mass  spectroscopy.  (Progress  report). 
DE94018562  00,723    PC  A02/MF  A01 

DOE/ER/60447-T3 

Improvement  of  Ultrasensitive  Techniques  Isotopic  Biasing 
in  the  RIS  Process  Ionization  Efficiencies  and  Selectivities. 
DE94018563  00,522    PC  A02/MF  A01 

DOE/ER/60447-T5 
I:  Improvement  of  Resonance  Ionization  Spectroscopy  (RIS) 
Techniques;  II:  Atomic  Data  for  RIS;  III:  Standards  for 
Ultratrace  Analysis.  Progress  Report. 

DE94018565  00,523    PC  A02/MF  A01 

DOE/ER/60447-T6 

Study  of  Laser  Resonance  Ionization  Mass  Spectrometry 
Using  a  Glow  Discharge  Source. 

DE94018566  03,308    PC  A01/MF  A01 
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DOE/EFV60826-T1 

Ionizing  radiation-induced  DNA  damage  and  its  repair  in 
human  cells.  Progress  report,  (April  1,  1993--February  28, 
1994). 

DE94014709  03,612    PC  A01/MF  A01 

DOE/ER/61529-T1 

Electron  transport  calculations  with  biomedical  and  environ- 
mental applications.  Final  report,  December  23,  1992-Janu- 
ary  31,  1994. 

DE95007065  03,613    PC  A01/MF  A01 

DOE/EW/50009-T2 

Minutes  of  the  CAALS  Workshop  on  modularity  and  com- 
munications standards. 

DE95005780  02,627    PC  A03/MF  A01 

DOE/OR/21941-T1 

Evaluation  of  the  Environmentally  Induced  Fracture  Resist- 
ance of  Ductile  Nickel  Aluminide.  Technical  Report  Number 
1,  Final  report.  October-December  1990. 
DE94017331  03,306    PC  A03/MF  A01 

DOE/OR/21941-T2 
Comparison  of  the  Corrosion  Rates  of  FeAl,  Fe(sub  3)AI 
and  Steel  in  Distilled  Water  and  0.5  M  Sodium  Chloride. 
Technical  Report  Number  2,  January-March  1991. 
DE94017332  03,186    PC  A02/MF  A01 

DOE/OR/21941-T3 
Evaluation  of  the  Electrochemical  Behavior  of  Ductile  Nickel 
Aluminide  and  Nickel  in  a  pH  7.9  Solution.  Technical  Report 
Number  3,  April-June  1991. 

DE94017351  03.307    PC  A02/MF  A01 

DOE/OR/22041-2 

Densification  of  Nano-Size  Powders.  1994  Report. 
DE94013486  03,027    PC  A03/MF  A01 

DOE/OR/22041-T1 
Equipment  for  Investigation  of  Cryogenic  Compaction  of 
Nanosize  Silicon  Nitride  Powders.  1993  Report. 
DE94013593  03,028    PC  A03/MF  A01 

DOE/OR/22041-T2 
Low  temperature  fabrication  from  nano-size  ceramic  pow- 
ders. 

DE95013505  03,029    PC  A05/MF  A01 

DOE/OR/22121-T1 

Experimental  plan  to  determine  the  performance  of  the  Oak 
Ridge  National  Laboratory  Cold  Neutron  Moderator,  Final 
report,  September  1,  1993--November  30,  1993. 
DE95011352  03,778    PC  A03/MF  A01 

DOE/PC/92179-T1 
Review  of  Corrosion  Behavior  of  Ceramic  Heat  Exchanger 
Materals:  Corrosion  Characteristics  of  Silicon  Carbide  and 
Silicon  Nitride.  Final  Report,  September  11,  1992--March 
11  1 993 

DE93041307  03,228    PC  A06/MF  A02 

DOE/SF/20143-T2 

Measurements  of  quantum  electrodynamic  sensitive  transi- 
tions in  Na-like  and  Cu-like  ions:  Final  report,  1  October 
1993-29  September  1994. 

DE950 1 1 593  04, 403    PC  A02/MF  A0 1 

DOT/FAA/AR-95/11 

Fracture  Testing  of  Large-Scale  Thin-Sheet  Aluminum  Alloy. 

AD-A306  625/5  03,305    PC  A04/MF  A01 

DOT-HS-808  214 

Model  Minimum  Performance  Specifications  for  Lidar  Speed 
Measurement  Devices. 

PB95-197455  04,861    PC  A03/MF  A01 

DOT/MTB/OHMO-76/4 

Performance  of  Plastic  Packaging  for  Hazardous  Materials 
Transportation.  Part  1 .  Mechanical  Properties. 
AD-A301  258/0  02,530    PC  A04/MF  A01 

ED-376  823 

Information  Infrastructure:  Reaching  Society's  Goals.  A  Re- 
port of  the  Information  Infrastructure  Task  Force  Committee 
on  Applications  and  Technology. 

ED-376  823  00, 131    Not  available  NTIS 

EIA-RS-466 

Procedures  for  Document  Facsimile  Transmission  Issued  by 
General  Services  Administration,  April  14,  1982.  Federal 
Standard  1063. 

FIPS  PUB  148  01,516    PC  E99 

EPA/600/J-94/339 

Histopathology,  Blood  Chemistry,  and  Physiological  Status 
of  Normal  and  Moribund  Striped  Bass  ('Morone  saxatilis') 
Involved  in  Summer  Mortality  ('Die-Off')  in  the  Sacramento- 
San  Joaquin  Delta  of  California. 

PB94-198157  00,034    PC  A03/MF  A01 

FEMA-202 

Earthquake  Resistant  Construction  of  Electric  Transmission 
and  Telecommunication  Facilities  Serving  the  Federal  Gov- 
ernment Report. 

PB94-161817  02,460    PC  A03/MF  A01 

FEMA-233 

Earthquake  Resistant  Construction  of  Gas  and  Liquid  Fuel 
Pipeline  Systems  Serving,  or  Regulated  By,  the  Federal 
Government. 

PB94-161999  04,846    PC  A05/MF  A01 

FHWA/RD-94/002 
System  for  Calibration  of  the  Marshall  Compaction  Ham- 
mer. 

PB94-145661  01,303    PC  A08/MF  A02 

FHWA/RD-94/053 

Robotics  Application  to  Highway  Transportation.  Volume  1. 
Final  Report. 

PB95-203790  03,654    PC  A03/MF  A01 


FHWA/RD-94/054 

Robotics  Application  to  Highway  Transportation.  Volume  2. 
Literature  Search. 

PB95-170551  01,337    PC  A06/MF  A02 

FHWA/RD-94/094 

Robotics  Application  to  Highway  Transportation.  Volume  3. 
Proposed  Research  Topics  and  Cost/Benefit  Evaluations  by 
CERF. 

PB95-171633  01,338    PC  A20/MF  A04 

FHWA/RD-94/095 

Robotics  Application  to  Highway  Transportation.  Volume  4. 
Proposals  for  Potential  Research. 

PB95-193173  01,339    PC  A07/MF  A02 

FHWA/RD-94/174 

Degradation  of  Powder  Epoxy  Coated  Panels  Immersed  in 
a  Saturated  Calcium  Hydroxide  Solution  Containing  Sodium 
Chloride. 

PB96-101050  07,344    PC  A03/MF  A01 

FHWA/RD-95/063 

Field  Evaluation  of  the  System  for  Calibration  of  the  Mar- 
shall Compaction  Hammer. 

PB95-190674  01,323    PC  A05/MF  A01 

FIPS  PUB  8-6 

Metropolitan  Areas  (Including  MSAs,  CMSAs,  PMASs,  and 
NECMAs).  Category:  Data  Standards  and  Guidelines;  Sub- 
category: Representations  and  Codes. 
FIPS  PUB  8-6  04,873    PC  E09 

FIPS  PUB  10-4 

Countries,  Dependencies,  Areas  of  Special  Sovereignty, 
and  Their  Principal  Administrative  Divisions.  Category:  Data 
Standards  and  Guidelines;  Subcategory:  Representation 
and  Codes. 

FIPS  PUB  10-4  00, 128    PC  E05 

FIPS  PUB  21-4 

COBOL.  Category:  Software  Standard;  Subcategory:  Pro- 
gramming Language.  Includes  ANSI'S  X3.23-1985,  X3.23A- 
1989  and  X3.23B-1993. 

FIPS  PUB  21-4  01,670    PC  E99 

FIPS  PUB  21-4A 

COBOL.  Category:  Software  Standard;  Subcategory:  Pro- 
gramming Language.  Part  A. 

FIPS  PUB  21-4A  07,677    PC  E99 

FIPS  PUB  21-4B 

COBOL.  Category:  Software  Standard;  Subcategory:  Pro- 
gramming Language.  Part  B. 

FIPS  PUB  21-4B  01,672    PC  E99 

FIPS  PUB  46-2 

Data  Encryption  Standard  (DES);  Category:  Computer  Se- 
curity; Subcategory:  Cryptography. 

FIPS  PUB  46-2  01,572    PC  E04 

FIPS  PUB  55-3 

Guideline:  Codes  for  Named  Populated  Places,  Primary 
County  Divisions,  and  Other  Locational  Entities  of  the  Unit- 
ed States,  Puerto  Rico,  and  the  Outlying  Areas.  Category: 
Data  Standards  and  Guidelines.  Subcategory:  Representa- 
tions and  Codes. 

FIPS  PUB  55-3  04,865    PC  E04 

FIPS  PUB  55-DC3 

Guideline:  Codes  for  Named  Populatd  Places,  Primary 
County  Divisions,  and  Other  Locational  Entities  of  the  Unit- 
ed States,  Puerto  Rico,  and  the  Outlying  Areas.  Category: 
Data  Standards  and  Guidelines;  Subcategory:  Representa- 
tion and  Codes. 

FIPS  PUB  55-DC3  04,866    PC  E99 

FIPS  PUB  119-1 

ADA;  Category:  Software  Standard;  Subcategory:  Program- 
ming Language. 

FIPS  PUB  119-1  01,667  PC$278.00 

FIPS  PUB  120-1C 

Graphical  Kernel  System  (GKS).  Category:  Software  Stand- 
ard. Subcategory:  Graphics.  International  Standard:  Infor- 
mation Technology;  Computer  Graphics;  Graphical  Kernel 
System  (GKS)  Language  Bindings.  Part  4:  C. 
FIPS  PUB  120-1C  01,792    PC  A06/MF  A02 

FIPS  PUB  140-1 

Security  Requirements  for  Cryptographic  Modules;  Cat- 
egory: Computer  Security;  Subcategory:  Cryptography. 
FIPS  PUB  140-1  07,567    PC  E05 

FIPS  PUB  148 

Procedures  for  Document  Facsimile  Transmission  Issued  by 
General  Services  Administration,  April  14,  1982.  Federal 
Standard  1063. 

FIPS  PUB  148  07,576    PC  E99 

FIPS  PUB  153-1 

Programmer's  Hierarchical  Interactive  Graphics  System 
(PHIGS).  Category:  Software  Standard;  Subcategory: 
Graphics. 

FIPS  PUB  153-1  01,668    PC  E99 

FIPS  PUB  158-1 

User  Interface  Component  of  the  Applications  Portability 
Profile  Category:  Software  Standard;  Subcategory:  Applica- 
tion Program  Interface. 

FIPS  PUB  158-1  01,793    PC  E01 

FIPS  PUB  173-1 

Spatial  Data  Transfer  Standard  (SDTS):  Category:  Software 
Standard;  Subcategory:  Information  Interchange. 
FIPS  PUB  173-1  07,794    PC  A04/MF  A01 

FIPS  PUB  173-1A 
Spatial  Data  Transfer  Standard  (SDTS).  Category:  Software 
Standard;   Subcategory:   Information  Interchange.  (FIPS 
PUB  173-1  A). 

FIPS  PUB  173-1A  01,795  PCS44.50 


FIPS  PUB  173-1 B 

Spatial  Data  Transfer  Standard  (SDTS).  Category:  Software 
Standard;  Subcategory:  Information  Interchange.  (FIPS 
PUB  173-1 B). 

FIPS  PUB  173-1B  01,796    PC  E99 

FIPS  PUB  180-1 

Secure  Hash  Standard.  Category:  Computer  Security. 
FIPS  PUB  180-1  01,568    PC  E04 

FIPS  PUB  182 

Integrated  Services  Digital  Network  (ISDN);  Category:  Tele- 
communications Standard;  Subcategory:  Integrated  Serv- 
ices Digital  Network. 

FIPS  PUB  182  07,460    PC  E03 

FIPS  PUB  185 

Escrowed  Encryption  Standard  (EES);  Category:  Computer 
Security;  Subcategory:  Cryptography. 

FIPS  PUB  185  07,569    PC  E03 

FIPS  PUB  186 

Digital  Signature  Standard  (DSS).  Category:  Computer  Se- 
curity, Subcategory:  Cryptography. 

FIPS  PUB  186  01,570    PC  E04 

FIPS  PUB  187 

Administration  Standard  for  the  Telecommunications  Infra- 
structure of  Federal  Buildings.  Category:  Telecommuni- 
cations Standard;  Subcategory:  Telecommunications  Ad- 
ministration. 

FIPS  PUB  187  07,467    PC  A02/MF  A01 

FIPS  PUB  188 

Standard  Security  Label  for  Information  Transfer;  Category: 
Computer  Security;  Subcategory:  Security  Labels. 
FIPS  PUB  188  07,577    PC  E04 

FIPS  PUB  189 

Portable  Operating  System  Interface  (POSIX).  Part  2.  Shell 
and  Utilities.  Category:  Software  Standard;  Subcategory: 
Operating  Systems. 

FIPS  PUB  189  01,797    PC  A03/MF  A01 

FIPS  PUB  190 

Guideline  for  the  Use  of  Advanced  Authentication  Tech- 
nology Alternatives.  Category:  Computer  Security.  Sub- 
category: Access  Control. 

FIPS  PUB  190  01,798    PC  A04/MF  A01 

FIPS  PUB  191 

Guideline  for  the  Analysis  of  Local  Area  Network  Security. 
Category:  Computer  Security;  Subcategory:  Risk  Analysis 
and  Contingency  Planning. 

FIPS  PUB  191  01,799    PC  A04/MF  A01 

FIPS  PUB  192 

Application  Profile  for  the  Government  Information  Locator 
Service  (GILS).  Category:  Software  Standard;  Subcategory: 
Information  Interchange. 

FIPS  PUB  192  07,300    PC  A03/MF  A01 

FIPS  PUB  193 

SQL  Environments.  Category:  Software  Standard;  Sub- 
category: Database. 

FIPS  PUB  193  07,807    PC  A04/MF  A01 

FIPS  PUB  194 

Open  Document  Architecture  (ODA)  Raster  Document  Ap- 
plication Profile  (DAP).  Category:  Software  Standard;  Sub- 
category: Graphics. 

FIPS  PUB  194  01,669    PC  E04 

FIPS  PUB  195 

Federal  Building  Grounding  and  Bonding  Requirements  for 
Telecommunications.  Category:  Telecommunications  Stand- 
ard; Subcategory:  Grounding  and  Bonding. 
FIPS  PUB  195  01,802    PC  E18 

FIPSPUB183 

Integration  Definition  for  Function  Modeling  (IDEF0);  Cat- 
egory: Software  Standard,  Subcategory:  Modeling  Tech- 
niques. 

FIPSPUB183  02,800    PC  E07 

FIPSPUB184 

Integration  Definition  for  Information  Modeling  (IDEF1X); 
Category:  Software  Standard;  Subcategory:  Modeling  Tech- 
niques. 

FIPSPUB184  01,673    PC  E10 

FR-3995 

Santa  Ana  Fire  Department  Experiment  at  1315  South  Bris- 
tol, July  14,  1994. 

PB95-188868  00,389    PC  A03/MF  A01 

GDL/GMF-95-02 

Mixing  and  Radiation  Properties  of  Buoyant  Luminous 
Flame  Environments. 

PB96-202254  01,432    PC  A06/MF  A01 

GRI-92/0042 

Structural  Ceramics  Database.  Topical  Report,  June  1989- 
May  1991. 

PB95-203758  03,060    PC  A04/MF  A01 

GRI-92/0576 

Sliding  Vane  Flow  Conditioner  Tests  in  a  100  Diameter 
Long  10  inch  Natural  Gas  Orifice  Meter  at  Pacific  Gas  and 
Electric.  Topical  Report,  1990-1992. 

PB95-256335  02,493    PC  A04/MF  A01 

GRI-93/0396 

Thermophysical  Properties  of  Fluids  for  the  Gas  Industry. 
Final  Report,  February  1,  1988-August  31,  1993. 
PB94-146677  02,472    PC  A03/MF  A01 

GRI-94/0145 

Assessment  of  Technology  for  Detection  of  Stress  Corro- 
sion Cracking  in  Gas  Pipelines.  Final  Report,  July  1993- 
March  1994. 

PB94-206646  02,475    PC  A05/MF  A02 
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GRI-94/0274 

Constituents  and  Physical  Properties  of  the  C6+  Fraction  of 
Natural  Gas.  Topical  Report,  April-June  1994. 
PB95-136644  02,483    PC  A03/MF  A01 

GRI-94/0411 

Evaluation  of  Wear  Resistant  Ceramic  Valve  Seats  in  Gas- 
Fueled  Power  Generation  Engines.  Topical  Report,  Decem- 
ber 1991 -April  1994. 

PB95-200218  02,466    PC  A07/MF  A02 

HANDBOOK-52 

Maximum  Permissible  Amounts  of  Radioisotopes  in  the 
Human  Body  and  Maximum  Permissible  Concentrations  in 
Air  and  Water. 

AD-A280  281/7  03,609    PC  A04/MF  A01 

HANDBOOK-69 

Maximum  Permissible  Body  Burdens  and  Maximum  Permis- 
sible Concentrations  of  Radionuclides  in  Air  and  in  Water 
for  Occupational  Exposure. 

AD-A280  282/5  03,610    PC  A06/MF  A02 

HUD-0006080 

Controlling  Moisture  in  the  Walls  of  Manufactured  Housing. 
PB95-105136  00,355    PC  A03/MF  A01 

IIW-V-1 046-95 

IIW  Commission  V  Quality  Control  and  Quality  Assurance  of 
Welded  Products  Annual  Report  1994/95. 
PB95- 198743  02,866    PC  A03/MF  A01 

IIW-V-1 059-96 

IIW  Commission  V  Quality  Control  and  Quality  Assurance  of 
Welded  Products,  Annual  Report  1995/96. 
PB96-191366  02,880    PC  A04/MF  A01 

ISBN-0-1 6-0431 88-3 
Putting  the  Information  Infrastructure  to  Work:  Report  of  the 
Information  Infrastructure  Task  Force  Committee  on  Appli- 
cations and  Technology. 

N94-31228/7  02,715    PC  A06/MF  A02 

Putting  the  Information  Infrastructure  to  Work:  Report  of  the 
Information  Infrastructure  Task  Force  Committee  on  Appli- 
cations and  Technology. 

PB94-163383  00,001    PC  A06/MF  A02 

ISBN-0-1 6-045384-4 

Checking  the  Net  Contents  of  Packaged  Goods  as  Adopted 
by  the  79th  National  Conference  on  Weights  and  Measures, 
1994,  Third  Edition,  Supplement  4. 

PB95-182226  00,484    PC  A04/MF  A01 

ISBN-0-309-04982-2 

Learning  to  Change:  Opportunities  to  Improve  the  Perform- 
ance of  Smaller  Manufacturers. 

PB94-166212  00,010    PC  A08/MF  A02 

ISBN-0-309-05252-1 

Binder  Characterization  and  Evaluation  by  Nuclear  Mag- 
netic Resonance  Spectroscopy. 

PB94-193471  01,334    PC  A08/MF  A02 

ISBN-0-309-05432-X 

Unpredictable  Certainty.  Information  Infrastructure  through 
2000. 

PB96- 182266  00,016    PC  A14/MF  A03 

ISBN-0-309-05543-1 

Financing  Tomorrow's  Infrastructure:  Challenges  and  Is- 
sues. Proceedings  of  a  Colloquium.  Held  in  Washington, 
DC.  on  October  20,  1995. 

PB96-189444  00,481    PC  A07/MF  A02 

ISBN-0-309-05751-5 

Optimization  of  Highway  Concrete  Technology. 
PB94-182995  01,333    PC  A13/MF  A03 

ISBN-1 -886843-01 -5 

Proceedings  of  the  Applied  Diamond  Conference  1995:  Ap- 
plications of  Diamond  Films  and  Related  Materials  Inter- 
national Conference  (3rd).  Held  in  Gaithersburg,  Maryland, 
on  August  21-24,  1995. 

PB95-255204  04,707    PC  A99/MF  E1 1 

N94-23605/6 

Activities  of  NIST  (National  Inst.  Of  Standards  and  Tech- 
nology). 

N94-23605/6  04,222 
(Order  as  N94-23595/9,  PC  A21/MF  A04) 

N94-25124/6 

Dynamic  Measurements  of  Thermophysical  Properties  of 
Metals  and  Alloys  at  High  Temperatures  by  Subsecond 
Pulse  Heating  Techniques. 

N94-25 124/6  03,309 
(Order  as  N94-25120/4,  PC  A11/MF  A03) 

N94-30641/2 

Time  and  Frequency  Technology  at  NIST. 
N94-30641/2  07,522 
(Order  as  N94-30639/6,  PC  A25/MF  A06) 

N94-30660/2 

Comparison  of  GPS  Broadcast  and  DMA  Precise 
Ephemerides. 

N94-30660/2  01,523 
(Order  as  N94-30639/6,  PC  A25/MF  A06) 

N94-30684/2 

Future  of  Time  and  Frequency  Dissemination. 
N94-30684/2  01.524 
(Order  as  N94-30639/6,  PC  A25/MF  A06) 

N94-31 228/7 

Putting  the  Information  Infrastructure  to  Work:  Report  of  the 
Information  Infrastructure  Task  Force  Committee  on  Appli- 
cations and  Technology. 

N94-31 228/7  02,775    PC  A06/MF  A02 


N94-34037/9 

Ground  Vehicle  Control  at  NIST:  From  Teleoperation  to  Au- 
tonomy. 

N94-34037/9  03,758 
(Order  as  N94-34019/7,  PC  A21/MF  A04) 

N94-35335/6 

Classification  of  Advanced  Technical  Ceramics. 
N94-35335/6  03,030    PC  A07/MF  A02 

N94-36857/8 
Open  System  Environments. 

N94-36857/8  01,674 
(Order  as  N94-36853/7,  PC  A10/MF  A03) 

N94-36858/6 

Open  System  Environment  Procurement. 
N94-36858/6  02,716 
(Order  as  N94- 36853/7,  PC  A10/MF  A03) 

N95-1 4084/4 

Partial  Pressure  Analysis  in  Space  Testing. 
N95-1 4084/4  04,827 
(Order  as  N95- 14062/0,  PC  A20/MF  A04) 

N95-1 4548/8 

Convection  and  Morphological  Stability  During  Directional 
Solidification. 

N95-1 4548/8  03,310 
(Order  as  N95- 14522/3,  PC  A20/MF  A04) 

N95-1 5839/0 

Investigating  the  3.3  Micron  Infrared  Fluorescence  from 
Naphthalene  Following  Ultraviolet  Excitation. 
N95- 15839/0  00,724 
(Order  as  N95- 15827/5,  PC  A07/MF  A02) 

N95-1 5937/2 

Numeric  Data  Distribution:  The  Vital  Role  of  Data  Exchange 
in  Today's  World. 

N95- 15937/2  02,622 
(Order  as  N95-15919/0,  PC  A11/MF  A03) 

N95-1 5938/0 

National  Center  for  Standards  and  Certification  Information: 
Service  and  Programs. 

N95-15938/0  02,717 
(Order  as  N95-15919/0,  PC  A1 1/MF  A03) 

N95-1 9494/0 

Fracture  Behavior  of  Large-Scale  Thin-Sheet  Aluminum 
Alloy. 

N95-1 9494/0  03,37  7 

(Order  as  N95-19468/4,  PC  A24/MF  A04) 

N95-24130/3 

Optical  Storage  Media  Data  Integrity  Studies. 
N95-24130/3  01,620 
(Order  as  N95-24108,  PC  A17/MF  A04) 

N95-26123/6 

Measurement  Methods  and  Standards  for  Processing  and 
Application  of  Thermal  Barrier  Coatings. 
N95-26123/6  01,447 
(Order  as  N95-26119,  PC  A03/MF  A01) 

N95-32323/4 

Implementation  of  a  Standard  Format  for  GPS  Common 
View  Data. 

N95-32323/4  03,779 
(Order  as  N95-32319,  PC  A20/MF  A04) 

N96-1 5569/2 

Combustion  of  a  Polymer  (PMMA)  Sphere  in  Microgravity. 
N96-15569/2  01,354 
(Order  as  N96-15552,  PC  A20/MF  A04) 

N96-1 5584/1 

Ignition  and  Subsequent  Transition  to  Flame  Spread  in  a 
Microgravity  Environment. 

N96- 15584/1  04,828 
(Order  as  N96-15552,  PC  A20/MF  A04) 

N1 9960042622 

Utc  Dissemination  to  the  Real-Time  User. 
N19960042622  07,52) 
(Order  as  N19960042616,  PC  A20/MF  A04) 

NASA-L-1247 

Characteristics  of  Turbulence  in  a  Boundary  Layer  with 
Zero  Pressure  Gradient. 

AD-A278  249/8  04, 192    PC  A03/MF  A01 

NBS-CIRC-487 

Density  of  Solids  and  Liquids. 

AD-A278  517/8  00,777    PC  A03/MF  A01 

NBS-CIRC-509-SUPPL 

Bibliography  of  Books  and  Published  Reports  on  Gas  Tur- 
bines, Jet  Propulsion,  and  Rocket  Power  Plants,  January 
1950  through  December  1953. 

AD-A278  213/4  01.446    PC  A06/MF  A02 

NBS-CIRC-552 

Standard  Samples  and  Reference  Standards  Issued  by  the 
National  Bureau  of  Standards. 

AD-A279  240/6  02,613    PC  A03/MF  A01 

NBS-CIRC-568 

High  Temperature  Reactions  of  Uranium  Dioxide  with  Var- 
ious Metal  Oxides. 

AD-A286  648/1  00,717    PC  A03/MF  A01 

NBS-CIRC-583-SUPP 

X-Ray  Attenuation  Coefficients  from  10  kev  to  100  Mev. 
AD-A279  289/3  03,767    PC  A03/MF  A01 

NBS-CIRCULAR-467 
Atomic  Energy  Levels  As  Derived  from  the  Analyses  of  Op- 
tical Spectra.  Volume  1.  Section  1.  The  Spectra  of  Hydro- 


gen, Deuterium,  Helium,  Lithium  Beryllium,  Boron,  Carbon, 
Nitrogen,  Oxygen,  and  Fluorine. 

AD-A278  130/0  03,764    PC  A05/MF  A01 

NBS-CIRCULAR-509 
Bibliography  of  Books  and  Published  Reports  on  Gas  Tur- 
bines, Jet  Propulsion,  and  Rocket  Power  Plants. 
AD-A278  138/3  07,445    PC  A04/MF  A01 

NBS-CIRCULAR-583 
X-ray  Attenuation  Coefficients  from  10  Kev  to  100  Mev. 
AD-A278  139/1  03,765    PC  A04/MF  A01 

NBS-HB-H28-PT-1 

Screw-Thread  Standards  for  Federal  Services,  1957.  Part  1. 
AD-A279  290/1  02,855    PC  A10/MF  A03 

NBS-HB-54 

Protection  Against  Radiations  from  Radium,  Cobalt-60,  and 
Cesium-137. 

AD-A279  261/2  03,607    PC  A04/MF  A01 

NBS-HB-75 

Measurement  of  Absorbed  Dose  of  Neutrons,  and  of  Mix- 
tures of  Neutrons  and  gamma  rays. 

AD-A286  647/3  03,710    PC  A05/MF  A01 

NBS-MR-241 

Standard  Materials.  A  Descriptive  List  with  Prices. 

AD-A278  140/9  00,500    PC  A03/MF  A01 

NBS-RP-2107 

Molecular  Microwave  Spectra  Tables. 

AD-A296  498/9  00,720    PC  A03/MF  A01 

NBS-TN-56 

Bibliography  of  the  Physical  Equilibria  and  Related  Prop- 
erties of  Some  Cryogenic  Systems. 

AD- A281  167/7  03,769    PC  A07/MF  A02 

NBS-TN-124 

Papers  on  the  Symposium  on  Collision  Phenomena  in  As- 
trophysics, Geophysics,  and  Masers. 

AD-A280  291/6  00,047    PC  A03/MF  A01 

NBS-34 

Tables  of  Chemical  Kinetics  Homogeneous  Reactions. 
AD-A280  293/2  00, 775    PC  A20/MF  A04 

NBS-462 
Ionospheric  Radio  Propagation. 

AD-A286  619/2  01,459    PC  A10/MF  A03 

NBS-470 

Precision  Resistors  and  Their  Measurement. 
AD-A284  623/6  02,249    PC  A03/MF  A01 

NBS-512 

Methods  of  Measuring  Humidity  and  Testing  Hygrometers. 
AD-A278  851/1  00, 723    PC  A03/MF  A01 

NBS-514 

Table  of  Dielectric  Constants  of  Pure  Liquids. 
AD-A278  956/8  00,712    PC  A04/MF  A01 

NBS-567 
Guide  to  Instrumentation  Literature. 

AD-A280  278/3  02,67  7    PC  A08/MF  A02 

NBS-569 

Fuzed-Quartz  Fibers.  A  Survey  of  Properties,  Applications 
and  Production  Methods. 

AD-A286  620/0  00,656    PC  A03/MF  A01 

NBS-652 

Air  Flow  in  the  Boundary  Layer  of  an  Elliptic  Cylinder. 
AD-A297  391/5  04, 794    PC  A03/MF  A01 

NBS-6728 

Cryogenic  Research  and  Development  (Quarterly  Report 
Number  1  for  Period  Ending  September  30,  1960). 
AD-A280  401/1  07,456    PC  A04/MF  A01 

NBS-6736 

Cryogenic  Research  and  Development  (Quarterly  Report 
Number  2  for  Period  Ending  December  31,  1960). 
AD-A280  398/9  01.454    PC  A05/MF  A01 

NBS-6785 

Cryogenic  Research  and  Development  (June  30,  1961). 
AD-A280  679/2  01.457    PC  A04/MF  A01 

NBS-7219 

Cryogenic  Research  and  Development  (Progress  Report 
Number  4  for  Period  Ending  December  31,  1961). 
AD-A280  399/7  07,455    PC  A04/MF  A01 

Progress  Report  to  National  Aeronautics  and  Space  Admin- 
istration on  Cryogenic  Research  and  Development. 
AD-A286  612/7  07,459    PC  A05/MF  A01 

NBS-9057 

Preliminary  List  of  References  Containing  Compilations  of 
Data  on  Properties  of  Materials. 

AD-A302  670/5  03,243    PC  A05/MF  A01 

NBS-9058 

Preliminary  Subject  and  Authors  Index  to  Compilations  of 
Data  on  Properties  of  Materials. 

AD-A302  669/7  03,242    PC  A04/MF  A01 

NCRP-25 

Measurement  of  Absorbed  Dose  of  Neutrons,  and  of  Mix- 
tures of  Neutrons  and  gamma  rays. 

AD-A286  647/3  03.710    PC  A05/MF  A01 

NIH/PUB-95-3727 

Hair  Testing  for  Drugs  of  Abuse:  International  Research  on 
Standards  and  Technology. 

PB96-120555  03,504    PC  A18/MF  A04 

NIST/BSS-170 

Seismic  Performance  of  Circular  Bridge  Columns  Designed 
in  Accordance  with  AASHTO/CALTRANS  Standards. 
PB96-146352  0  7,346    PC  A07/MF  A02 
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NIST/BSS-172 

Methodologies  for  Predicting  the  Service  Lives  of  Coating 
Systems. 

PB95- 146387  03,724    PC  A05/MF  A01 

NIST/BSS-173 

Heat  and  Moisture  Transfer  in  Wood-Based  Wall  Construc- 
tion: Measured  versus  Predicted. 

PB95-200655  00,391    PC  A05/MF  A01 

NIST/BSS-175 

Performance  of  Tape-Bonded  Seams  of  EPDM  Membranes: 
Comparison  of  the  Peel  Creep-Rupture  Response  of  Tape- 
Bonded  and  Liquid-Adhesive-Bonded  Seams. 
PB96-183249  03,072    PC  A05/MF  A01 

NIST/GCR-92/603 
Concurrent  Flow  Flame  Spread  Study. 

PB94- 156866  01,356    PC  A08/MF  A02 

NIST/GCR-92/605 

Numerical  Analysis  Support  for  Compartment  Fire  Modeling 
and  Incorporation  of  Heat  Conduction  into  a  Zone  Fire 
Model. 

PB94-156965  07,357    PC  A04/MF  A01 

NIST/GCR-92/610-1 

Opportunities  for  Innovation:  Advanced  Manufacturing  Tech- 
nology. 

PB94-100278  02,801    PC  A07/MF  A02 

NIST/GCR-93/623 

Transient  Cooling  of  a  Hot  Surface  by  Droplets  Evaporation. 

PB94-156957  03,783    PC  A08/MF  A02 

NIST/GCR-93/630 

Experimental  and  Numerical  Studies  on  Two-Dimensional 

Gravity  Currents  in  a  Horizontal  Channel. 

PB94-165941  01,359    PC  A12/MF  A03 

NIST/GCR-93/631 

Radiation  and  Mixing  Properties  of  Buoyant  Turbulent  Diffu- 
sion Flames. 

PB94-165974  01,360    PC  A04/MF  A01 

NIST/GCR-93/633 

Opportunities  for  Innovation:  Biotechnology. 

PB94-157831  00,009    PC  A12/MF  A03 

NIST-GCR-93-634 

Fire  Induced  Thermal  Fields  in  Window  Glass  I:  Theory. 

PB94- 139722  00,328    PC  A03/MF  A01 

NIST/GCR-93/636 

Time  Dependent  Vector  Dynamic  Programming  Algorithm 

for  the  Path  Planning  Problem. 

PB94-2 15688  03,428    PC  A04/MF  A01 

NIST-GCR-93-637 

Computational  Model  for  the  Rise  and  Dispersion  of  Wind- 
Blown,  Buoyancy-Driven  Plumes.  Part  2.  Linearly  Stratified 
Atmosphere. 

PB94-143427  00,779    PC  A03/MF  A01 

NIST/GCR-93/659 

Opportunities  for  Innovation:  Pollution  Prevention. 

PB95-147146  02,520    PC  A09/MF  A02 

NIST/GCR-94/638 

Turbulent  Upward  Flame  Spread  on  a  Vertical  Wall  under 

External  Radiation. 

PB94-207388  00,34  7    PC  A05/MF  A01 

NIST/GCR-94/639 

Development  of  the  Fire  Data  Management  System. 

PB94-206091  00,339    PC  A03/MF  A01 

NIST/GCR-94/640-1 

Opportunities  for  Innovation:  Advanced  Surface  Engineer- 
ing. 

PB94-176666  02,697    PC  A09/MF  A02 

NIST/GCR-94/642 

Prediction  of  Fire  Dynamics. 
PB94- 193620 
NIST/GCR-94/643 
Mathematical  Modeling  of  Human  Egress  from  Fires  in  Res- 
idential Buildings. 

PB94-193778  00,337    PC  A05/MF  A02 

NIST/GCR-94/644 

Fire  Propagation  in  Concurrent  Flows. 

PB94-193844  01,365    PC  A04/MF  A01 

NIST/GCR-94/645 

Behavior  of  Charring  Materials  in  Simulated  Fire  Environ- 
ments. 

PB94- 196045 
NIST/GCR-94/646 

Backdraft  Phenomena. 
PB94-1 93927 
NIST/GCR-94/647 

Fire  Growth  Models  for  Materials. 

PB94-195856  01,367    PC  A03/MF  A01 

NIST/GCR-94/648 

Upward  Flame  Spread  along  the  Vertical  Corner  Walls  (Oc- 
tober 1993). 

PB94-206299  00,340    PC  A03/MF  A01 

NIST/GCR-94/649 

Evaluation  and  Strengthening  Guidelines  for  Federal  Build- 
ings: Identification  of  Current  Federal  Agency  Programs. 
PB94-176278  00,424    PC  A08/MF  A02 

NIST/GCR-94/650 
Evaluation  and  Strengthening  Guidelines  for  Federal  Build- 
ings: Assessment  of  Current  Federal  Agency  Evaluation 


00,336    PC  A03/MF  A01 


07,363    PC  A99/MF  A06 


01,366  PCA11/MFA03 


Programs  and  Rehabilitation  Criteria  and  Development  of 

Typical  Costs  for  Seismic  Rehabilitation. 

PB94-181856  00,425    PC  A08/MF  A02 

NIST/GCR-94/651 

Structure  and  Radiation  Properties  of  Pool  Fires. 

PB94-193802  02,473    PC  A08/MF  A02 

NIST/GCR-94/653 

Investigation  of  Oil  and  Gas  Well  Fires  and  Flares. 

PB94-193976  03,695    PC  A04/MF  A01 

NIST/GCR-94/654 

Federal  Certification  Authority  Liability  and  Policy:  Law  and 
Policy  of  Certificate-Based  Public  Key  and  Digital  Signa- 
tures. 

PB94-191202  01,578    PC  A21/MF  A04 

NIST/GCR-94/656 

Human  Factors  Considerations  for  the  Potential  Use  of  Ele- 
vators for  Fire  Evacuation  of  FAA  Air  Traffic  Control  Tow- 
ers 

PB94-217163  01,300    PC  A03/MF  A01 

NIST/GCR-94/657 

Framework  for  Information  Technology  Integration  in  Proc- 
ess Plant  and  Related  Industries. 

PB94-219086  02.772    PC  A04/MF  A01 

NIST/GCR-94/658 

Opportunities  for  Innovation:  Software  for  Manufacturing. 

PB95-155578  02,851    PC  A09/MF  A03 

NIST/GCR-94/661 

Fundamental  Mechanisms  for  CO  and  Soot  Formation. 

PB95-143160  01,380    PC  A08/MF  A02 

NIST/GCR-94/662 

Transient  Cooling  of  a  Hot  Surface  by  Droplets  Evaporation. 

PB95-143194  03,890    PC  A09/MF  A02 

NIST/GCR-94/663 

Network  Brokers  Handbook:  An  Entrepreneurial  Guide  to 

Cooperative  Strategies  for  Manufacturing  Competitiveness. 

PB95-219325  00,490    PC  A08/MF  A02 

N1ST/GCR-95/664 

Burning  Rate  and  Flame  Heat  Flux  For  PMMA  in  the  Cone 

Calorimeter. 

PB95-216990  00,393    PC  A07/MF  A02 

NIST/GCR-95/665 

Water  Droplet  Evaporation  from  Radiantly  Heated  Solids. 
PB95-217147  00,394    PC  A08/MF  A02 

NIST/GCR-95/666 

Compartment  Fire  Combustion  Dynamics.  Annual  Report, 

September  1,  1993-September  1,  1994. 

PB95-217162  00,203    PC  A04/MF  A01 

NIST/GCR-95/667 

Assessment  of  Site  Response  Analysis  Procedures. 

PB95-210928  00,450    PC  A07/MF  A02 

NIST/GCR-95/669 

Turbulent  Flame  Spread  on  Vertical  Corner  Walls. 

PB96-1 14764  07,403    PC  A08/MF  A02 

NIST/GCR-95/670 

Standards  Policy  and  Information  Infrastructure. 

PB95-231882  01,485    PC  A20/MF  A04 

NIST/GCR-95/671 

Mixing  and  Radiation  Properties  of  Buoyant  Turbulent  Diffu- 
sion Flames. 

PB95-242327  01,396    PC  A05/MF  A02 

NIST/GCR-95/672 
Opportunities  for  Innovation:  Optoelectronics. 
PB96-1 18039  01,928    PC  A19/MF  A04 

NIST/GCR-95/673 
Enhancements  to  Program  IDARC:  Modeling  Inelastic  Be- 
havior of  Welded  Connections  in  Steel  Moment-Resisting 
Frames. 

PB95-231601  00,452    PC  A05/MF  A01 

NIST/GCR-95/674 

Comparison  of  the  Seismic  Provisions  of  Model  Building 
Codes  and  Standards  to  the  1991  NEHRP  Recommended 
Provisions. 

PB95-231858  00,375    PC  A05/MF  A02 

NIST/GCR-95/675 

Testability  of  Object-Oriented  Systems. 

PB95-242418  01.733    PC  A05/MF  A01 

NIST/GCR-95/676 

New  Mass  Transport  Elements  and  Components  for  the 

NIST  IAQ  Model. 

PB95-255899  02,553    PC  A05/MF  A01 

NIST/GCR-95/677 
Predicting  the  Ignition  Time  and  Burning  Rate  of  Thermo- 
plastics in  the  Cone  Calorimeter. 

PB96-154794  07,478    PC  A10/MF  A03 

NIST/GCR-95/679 

Review  of  Flows  Driven  By  Natural  Convection  in  Adiabatic 
Shafts. 

PB96-147897  07,476    PC  A04/MF  A01 

NIST/GCR-95/681 

Literature  Review  on  Seismic  Performance  of  Building  Clad- 
ding Systems. 

PB96-106901  00.455    PC  A09/MF  A02 

NIST/GCR-95/683 

Sensitivity  Analysis  for  Mathematical  Modeling  of  Fires  in 
Residential  Buildings. 

PB96-154968  00.215    PC  A03/MF  A01 


NIST/GCR-95/684 

Enhancement  of  EXIT89  and  Analysis  of  World  Trade  Cen- 
ter Data. 

PB96-202247  00,231    PC  A04/MF  A01 

NIST/GCR-95/685 

Chemical  Inhibition  of  Methane-Air  Diffusion  Flame. 
PB96- 1 95532  01,431    PC  A04/M  F  A0 1 

NIST/GCR-96/687 

Sparse  Water  Sprays  in  Fire  Protection. 
PB96-202304  01,433    PC  A13/MF  A03 

NIST/GCR-96/688 
Dynamics,  Transport  and  Chemical  Kinetics  of  Compart- 
ment Fire  Exhaust  Gases. 

PB96-195508  00,229    PC  A06/MF  A01 

NIST/GCR-96/690 

Preliminary  Processing  of  the  Lotung  LSST  Data. 

PB96-165972  03,690    PC  A05/MF  A01 

NIST/GCR-96/691 

Mixing  and  Radiation  Properties  of  Buoyant  Luminous 

Flame  Environments. 

PB96-202254  01,432    PC  A06/MF  A01 

NIST/GCR-96/694 

Post-Flame  Soot. 

PB96-193701  01,430    PC  A04/MF  A01 

NIST/GCR-96/695 

Development  of  an  Economical  Video  Based  Fire  Detection 
and  Location  System. 

PB96-193743  00,228    PC  A05/MF  A01 

NIST/GCR-96/697 
Survey  of  Fuel  Loads  in  Contemporary  Office  Buildings. 
PB97-1 14235  00,233    PC  A04/MF  A01 

NIST/GCR-96/698 
Evaluation  of  Survey  Procedures  for  Determining  Occupant 
Load  Factors  in  Contemporary  Office  Buildings. 
PB97-1 16222  00,238    PC  A03/MF  A01 

NIST/GCR-96/700 
Estimation  of  System  Damping  at  the  Lotung  Site  by  Appli- 
cation of  System  Identification. 

PB96-214697  07,357    PC  A10/MF  A03 

NIST/GCR-96/701 

Energy-Based  Method  for  Liquefaction  Potential  Evaluation. 
Phase  1.  Feasibility  Study. 

PB96-214747  03,697    PC  A13/MF  A03 

NIST/GCR-96/702 

Fire  Protection  Foam  Behavior  in  a  Radiative  Environment. 
PB97-1 16131  00,237    PC  A10/MF  A02 

NIST/GCR-96/703 
Full-Scale  Room  Fire  Experiments  Conducted  at  the  Univer- 
sity of  Maryland. 

PB97-1 16081  00,236    PC  A04/MF  A01 

NIST/HB-44 

NIST  Handbook  44,  1994:  Specifications,  Tolerances  and 
Other  Technical  Requirements  for  Weighing  and  Measuring 
Devices  as  Adopted  by  the  78th  National  Conference  on 
Weights  and  Measures  1993. 

PB94- 1 36009  02,888    PC  A 1 1  /M F  A03 

NIST  Handbook  44,  1995:  Specifications,  Tolerances  and 
Other  Technical  Requirements  for  Weighing  and  Measuring 
Devices  as  Adopted  by  the  79th  National  Conference  on 
Weights  and  Measures  1994. 

PB95-146379  02,903  PCA11/MFA03 

NIST/HB-105/2 
Specifications  and  Tolerances  for  Reference  Standards  and 
Field  Standard  Weights  and  Measures.  2.  Specifications 
and  Tolerances  for  Field  Standard  Measuring  Flasks. 
PB96-178926  02,682    PC  A03/MF  A01 

NIST/HB-1 30-1 995 
Uniform  Laws  and  Regulations  in  the  Areas  of  Legal  Metrol- 
ogy and  Motor  Fuel  Quality,  1994  as  Adopted  by  the  79th 
National  Conference  on  Weights  and  Measures  1994. 
PB95-174470  02,909    PC  A09/MF  A02 

NIST/HB-1 30-1 996 
Uniform  Laws  and  Regulations  in  the  Areas  of  Legal  Metrol- 
ogy and  Motor  Fuel  Quality  as  Adopted  by  the  80th  Na- 
tional Conference  on  Weights  and  Measures  1995.  1996 
Edition. 

PB96-172309  02,927    PC  A12/MF  A03 

NIST/HB-1 33-ED-3-SUP-4 

Checking  the  Net  Contents  of  Packaged  Goods  as  Adopted 
by  the  79th  National  Conference  on  Weights  and  Measures, 
1994,  Third  Edition,  Supplement  4. 

PB95-182226  00,484    PC  A04/MF  A01 

NIST/HB-1 35 

Life-Cycle  Costing  Manual  for  the  Federal  Energy  Manage- 
ment Program.  1995  Edition. 

PB96-172317  02,577    PC  A10/MF  A02 

NIST/HB-1 43 

State  Weights  and  Measures  Laboratories:  Program  Hand- 
book. 

PB96-214705  02,687    PC  A07/MF  A02 

NIST/HB-1 50 

National  Voluntary  Laboratory  Accreditation  Program:  Pro- 
cedures and  General  Requirements. 

PB94-178225  02,630    PC  A03/MF  A01 

NIST/HB-150/1 

National  Voluntary  Laboratory  Accreditation  Program:  En- 
ergy Efficient  Lighting  Products. 

PB94-219060  02,642    PC  A04/MF  A01 
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NIST/HB-150/3 

National  Voluntary  Laboratory  Accreditation  Program:  Bulk 
Asbestos  Analysis. 

PB95-138129  02,541    PC  A04/MF  A01 

NIST/HB-150-4 

National  Voluntary  Laboratory  Accreditation  Program:  Ioniz- 
ing Radiation  Dosimetry. 

PB95-128658  03,623    PC  A06/MF  A02 

NIST/HB-150/5 

National  Voluntary  Laboratory  Accreditation  Program:  Con- 
struction Materials  Testing. 

PB95-155552  01,319    PC  A05/MF  A01 

NIST/HB-150/6 

National  Voluntary  Laboratory  Accreditation  Program:  Car- 
pet and  Carpet  Cushion. 

PB95-155560  00,295    PC  A04/MF  A01 

NIST/HB-1 50/7 

National    Voluntary    Laboratory    Accreditation  Program: 

POSIX.  Portable  Operating  System  Interlace. 

PB95-189478  02,661    PC  A05/MF  A01 

NIST/HB-150-8 

National    Voluntary  Laboratory 

Acoustical  Testing  Services. 

PB95-1 82234 
NIST/HB-150-9 

National    Voluntary  Laboratory 

(NVLAP):  Wood  Based  Products. 

PB95-1 70429 
NIST/HB-150/10 

National  Voluntary  Lab.  Ac 


Accreditation  Program 
04,188    PC  A05/MF  A01 

Accreditation  Program 
03,405    PC  A04/MF  A01 


02, 107    PC  A05/MF  A01 


02,667    PC  A08/MF  A02 


Efficiency  of  Electric  Motors, 
creditation  Program  (NVLAP). 
PB96-111174 
NIST/HB-1 50-11 
National  Voluntary  Laboratory  Accreditation  Program:  Elec- 
tromagnetic Compatibility  and  Telecommunications.  FCC 
Methods. 

PB95-242376  02,664    PC  A06/MF  A02 

NIST/HB-1 50/1 2 

National    Voluntary    Laboratory    Accreditation  Program. 

GOSIP:  Government  Open  Systems  Interconnection  Profile. 

PB95-267993  01,486    PC  A06/MF  A02 

NIST/HB-1 50-1 3 

Airborne  Asbestos  Analysis:  National  Voluntary  Laboratory 
Accreditation  Program. 

PB96-147392  02.566    PC  A05/MF  A01 

NIST/HB-1 50-1 5 

National  Voluntary  Laboratory  Accreditation  Program:  Ther- 
mal Insulation  Materials. 

PB95-267985  02,977    PC  A05/MF  A01 

NIST/HB-150/16 

National    Voluntary    Laboratory    Accreditation  Program 
(NVLAP):  Commercial  Products  Testing. 
PB95-267944  02,671    PC  A02/MF  A01 

NIST/HB-1 50-1 8 
National    Voluntary    Laboratory    Accreditation  Program 
(NVLAP):  Fasteners  and  Metals. 

PB97-1 14185  02,881    PC  A06/MF  A01 

NIST/MONO-179 

Global  Equivalence  Ratio  Concept  and  the  Prediction  of 
Carbon  Monoxide  Formation  in  Enclosure  Fires. 
PB94-207511  00,313    PC  A08/MF  A02 

NIST/MONO-180 

Gage  Block  Handbook. 
PB95-251716 
NIST/PS-20/94 

Voluntary  Product  Standard  PS  20-94.  American  Softwood 
Lumber  Standard. 

PB94-162500  03,402    PC  A03/MF  A01 

NIST-S-PUB-868 

Information  Infrastructure:  Reaching  Society's  Goals.  A  Re- 
port of  the  Information  Infrastructure  Task  Force  Committee 
on  Applications  and  Technology. 

ED-376  823  00,131    Not  available  NTIS 

NIST-SP-250-39 

NIST  Measurement  Services:  NIST  Pressure  Calibration 
Service. 

PB94-1 64043  02,892    PC  A06/MF  A02 

NIST/SP-260 

NIST  Standard  Reference  Materials  (Trade  Name)  Catalog 
1995-1996. 

PB95-232518  00,508    PC  A03/MF  A01 

NIST/SP-260/116 
Standard  Reference  Materials:  Glass  Filters  as  a  Standard 
Reference  Material  for  Spectrophotometry  -  Selection,  Prep- 
aration, Certification,  and  Use  of  SRM  930  and  SRM  1930 
PB94-188844  00,536    PC  A10/MF  A03 

NIST-SP-260-120 

User's  Guide  to  NIST  SRM  2084:  CMM  Probe  Performance 
Standard. 

PB94-206109  02,709    PC  A03/MF  A01 

NIST/SP-260/121 

Standard  Reference  Materials:  Certification  of  a  Standard 
Reference  Material  for  the  Determination  of  Interstitial  Oxy- 
gen Concentration  in  Semiconductor  Silicon  by  Infrared 
Spectrophotometry. 

PB95-125076  02,326    PC  A05/MF  A01 

NIST/SP-260-122 

Standard  Reference  Materials:  Polystyrene  Films  for  Cali- 
brating the  Wavelength  Scale  of  Infrared 
Spectrophotometers  -  SRM  1921. 

PB95-226866  03,386    PC  A03/MF  A01 


NIST/SP-260-124 

Standard  Reference  Material  1744:  Aluminum  Freezing- 
Point  Standard. 

PB95-251732  01,055    PC  A03/MF  A01 

NIST-SP-260-125 

Statistical  Aspects  of  the  Certification  of  Chemical  Batch 
SRMs.  Standard  Reference  Materials. 

PB96-210877  00,645    PC  A05/MF  A01 

NIST-SP-260-126 

NIST  Traceable  Reference  Material  Program  for  Gas  Stand- 
ards: Standard  Reference  Materials. 

PB96-210786  00,644    PC  A04/MF  A01 

NIST/SP-305/24 

Publications  of  the  National  Institute  of  Standards  and 
Technology  1992  Catalog. 

PB95-200747  00,014  PC  A17/MF  A04 
NIST/SP-305/25 

Publications  of  the  National  Institute  of  Standards  and 
Technology  1993  Catalog. 

PB96-183215  00,017  PCA11/MFA03 
NIST/SP-400-93 

Semiconductor  Measurement  Technology:  Design  and  Test- 
ing Guides  for  the  CMOS  and  Lateral  Bipolar-on-SOl  Test 
Library. 

PB94-178019  02,301  PC  A07/MF  A02 
NIST/SP-400-94 

Semiconductor  Measurement  Technology:  Improved  Char- 
acterization and  Evaluation  Measurements  for  HgCdTe  De- 
tector Materials,  Processes,  and  Devices  Used  on  the 
GOES  and  TIROS  Satellites. 

PB94-188810  02,122    PC  A09/MF  A02 

NIST/SP-400-95 

User's  Manual  for  the  Program  MONSEL-1:  Monte  Carlo 

Simulation  of  SEM  Signals  for  Linewidth  Metrology. 

PB95-1 11522  02,325    PC  A03/MF  A01 

NIST/SP-400-96 

Semiconductor  Measurement  Technology:  HOTPAC.  Pro- 
grams for  Thermal  Analysis  Including  Version  3.0  of  the 
TXYZ  Program,  TXYZ30,  and  the  Thermal  MultiLayer  Pro- 
gram, TML 

PB95-260766  02,374    PC  A05/MF  A01 

NIST/SP-400-97 

Semiconductor  Measurement  Technology:  Test  Structure 
Implementation  Document:  DC  Parametric  Test  Structures 
and  Test  Methods  for  Monolithic  Microwave  Integrated  Cir- 
cuits (MMICs). 

PB96-1 17692  02,399    PC  A05/MF  A01 

NIST/SP-400-98 

Semiconductor  Measurement  Technology:  Survey  of  Optical 
Characterization  Methods  for  Materials,  Processing,  and 
Manufacturing  in  the  Semiconductor  Industry. 
PB96-1 54596  02,706    PC  A05/MF  A01 

NIST/SP-480/20-ED-1 996 

Directory  of  Law  Enforcement  and  Criminal  Justice  Associa- 
tions and  Research  Centers. 

PB96-178918  04,872    PC  A05/MF  A01 

NIST/SP-500/212 

Planning  for  the  Fiber  Distributed  Data  Interface  (FDDI). 

PB94- 1 3576 1  01,621    PC  A06/M  F  A02 

NIST/SP-500/213 

Next  Generation  Computer  Resources:  Reference  Model  for 

Project  Support  Environments  (Version  2.0). 

PB94-143401  01,677    PC  A06/MF  A02 

NIST/SP-500-215 

Second  Text  REtrieval  Conference  (TREC-2).  Held  in 

Gaithersburg,  Maryland  on  August  31 -September  2,  1993. 

PB94-178407  01,686    PC  A21/MF  A04 

NIST-SP-500-216 

Proceedings  of  the  Digital  Systems  Reliability  and  Nuclear 
Safety  Workshop.  Held  in  Rockville,  Maryland  on  Septem- 
ber 13-14,  1993. 

NUREG/CP-0136  03,728    PC  A16/MF  A03 

NIST/SP-500/217 

IGOSS-lndustry/Government  Open  Systems  Specification. 
PB94-207453  01,806    PC  A07/MF  A02 

NIST/SP-500/218 
Analyzing  Electronic  Commerce. 

PB94-219102  00,480    PC  A03/MF  A01 

NIST/SP-500/219 

NIST  Workshop  on  the  Computer  Interface  to  Flat  Panel 
Displays.  Held  in  San  Jose,  California  on  January  13-14, 
1994. 

PB95-136388  01,625  PCA11/MFA03 

NIST/SP-500/220 

Guide  on  Open  System  Environment  (OSE)  Procurements. 

PB95-169496  01,626    PC  A08/MF  A02 

NIST/SP-500/221 

User  Study:  Informational  Needs  of  Remote  National  Ar- 
chives and  Records  Administration  Customers. 
PB95-1 54738  02,725    PC  A06/MF  A02 

NIST/SP-500/222 
Glossary  of  Software  Reuse  Terms. 

PB95-178992  01,720    PC  A03/MF  A01 

NIST/SP-500/223 
Framework  for  the  Development  and  Assurance  of  High  In- 
tegrity Software. 

PB95-173084  07,776    PC  A05/MF  A01 

NIST/SP-500/225 
Overview  of  the  Text  REtrieval  Conference  (3rd)  (TREC-3). 
Held  in  Gaithersburg,  Maryland  on  November  2-4,  1994. 
PB95-216883  01,728    PC  A25/MF  A06 


02,745    PC  A12/MF  A03 


NIST/SP-500/226 

Self  Monitoring  Accounting  Systems. 

PB95-216602  00,007    PC  A03/MF  A01 

NIST/SP-500/227 

Electronic  Access:  Blueprint  for  the  National  Archives  and 
Records  Administration. 

PB95-219218  02,731    PC  A04/MF  A01 

NIST/SP-500/228 

Guidelines  for  the  Evaluation  of  X.500  Directory  Products. 

PB95-231908  02,732    PC  A04/MF  A01 

NIST/SP-500/229 

Z39.50  Implementation  Experiences. 

PB96-114939  07,376    PC  A07/MF  A02 

NIST/SP-500/230 

Application  Portability  Profile  (APP):  The  U.S.  Government's 
Open  System  Environment  Profile  Version  3.0. 
PB96-158712  01,753    PC  A07/MF  A02 

NIST/SP-500/231 

Guidelines  for  the  Evaluation  of  Electronic  Data  Interchange 
Products. 

PB96-172325  01,506    PC  A05/MF  A01 

NIST/SP-500/232 

Open  System  Environment  (OSE):  Architectural  Framework 
for  Information  Infrastructure. 

PB96-146360  00.002    PC  A04/MF  A01 

NIST/SP-500-233 

Manager's  Guide  for  Monitoring  Data  Integrity  in  Financial 
Systems. 

PB96-165915  00,003    PC  A05/MF  A01 

NIST/SP-500-234 

Reference  Information  for  the  Software  Verification  and  Val- 
idation Process. 

PB96-188164  01,773    PC  A06/MF  A01 

NIST/SP-500/235 

Structured  Testing:  A  Testing  Methodology  Using  the 
Cyclomatic  Complexity  Metric. 

PB97- 1 1 41 69  07, 784    PC  A07/MF  A02 

NIST/SP-500-236 

Text    REtrieval    Conference    (4th)    (TREC-4).    Held  in 

Gaithersburg,  Maryland  on  November  1-3,  1995. 

PB97-121636  07,766    PC  A99/MF  E08 

NIST/SP-777-94-ED 

NIST  Serial  Holdings,  1994. 

PB94- 178068 
NIST/SP-777-95 

NIST  Serial  Holdings,  1995. 

PB95-188926  02,746    PC  A12/MF  A03 

NIST/SP-782 

NIST  Standard  Reference  Data  Products  Catalog,  1995-96. 
Achieve  with  Standard  Reference  Data. 
PB95-260808  01,057    PC  A03/MF  A01 

NIST/SP-782-1994ED 

NIST  Standard  Reference  Data  Products  Catalog,  1994. 
PB94-151842  00,727    PC  A06/MF  A02 

NIST/SP-791 

State  Weights  and  Measures  Laboratories:  State  Standards 

Program  Description  and  Directory.  1994  Edition. 

PB94-207727  02,895    PC  A07/MF  A02 

NIST/SP-800/7 

Security  in  Open  Systems. 

PB95-1 05383 
NIST/SP-800/9 

Good  Security  Practices  for  Electronic  Commerce,  Including 
Electronic  Data  Interchange. 

PB94-139045  07,463    PC  A04/MF  A01 

NIST/SP-800/10 

Keeping  Your  Site  Comfortably  Secure:  An  Introduction  to 
Internet  Firewalls. 

PB95-182275  02,730    PC  A05/MF  A01 

NIST/SP-800/1 1 

Impact  of  the  FCC's  Open  Network  Architecture  on  NS/NP 
Telecommunications  Security. 

PB95-189445  07,463    PC  A03/MF  A01 

NIST/SP-800/1 2 

Computer  Security:  An  Introduction  to  Computer  Security. 
The  NIST  Handbook. 

PB96-131610  01,608    PC  A13/MF  A03 

NIST/SP-800/1 3 
Telecommunications  Security  Guidelines  for  Telecommuni- 
cations Management  Network.  Computer  Security. 
PB96-139415  07,496    PC  A03/MF  A01 

NIST/SP-800/1 4 
Computer  Security:  Generally  Accepted  Principles  and 
Practices  for  Securing  Information  Technology  Systems. 
PB97-110811  07,679    PC  A05/MF  A01 

NIST/SP-810-ED-1994 

National  Voluntary  Laboratory  Accreditation  Program  1994 
Directory. 

PB94-178969  00,482    PC  A08/MF  A02 

NIST/SP-810-ED-1995 

National  Voluntary  Laboratory  Accreditation  Program  1995 
Directory. 

PB95-1 74454  00,483    PC  A08/MF  A02 

NIST/SP-810-ED-1996 

National  Voluntary  Laboratory  Accreditation  Program  1996 
Directory. 

PB96-162714  00.485    PC  A10/MF  A03 


01,473    PC  A13/MF  A03 
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NIST/SW/DK-94/001 


NIST-SP-811 

Guide  for  the  Use  of  the  International  System  of  Units  (SI). 
PB95-226692  02.747    PC  A05/MF  A01 

NIST/SP-823/5 

North  American  ISDN  Users'  Forum  Agreements  on  Inte- 
grated Services  Digital  Network. 

PB94-162559  01,466    PC  A16/MF  A03 

NIST/SP-823/6 

ISDN  Conformance  Testing  Guidelines:  Guidelines  for 
Implementors  of  ISDN  Customer  Premises  Equipment  to 
Conform  to  Both  National  ISDN-1  and  North  American 
ISDN  Users'  Forum  Layer  3  Basic  Rate  Interface  Basic  Call 
Control  Abstract  Test  Suites. 

PB94-219094  01,471    PC  A03/MF  A01 

NIST/SP-837 

Science,  Technology,  and  Competitiveness:  Retrospective 
on  a  Symposium  in  Celebration  of  NIST's  90th  Anniversary 
and  the  25th  Anniversary  of  the  Gaithersburg  Laboratories, 
November  14-15,  1991 

PB97-121610  02,696    PC  A08/MF  A02 

NIST/SP-838/5 

Project  Summaries  1994:  NIST  Building  and  Fire  Research 
Laboratory. 

PB94-207495  00,343    PC  A08/MF  A02 

NIST/SP-838/6 

Building  and  Fire  Research  Laboratory  Publications,  1993. 

PB95- 143202  00.369    PC  A06/MF  A02 

NIST/SP-838/7 

Building  and  Fire  Research  Laboratory  Publications,  1994. 

PB95-226684  00,398    PC  A07/MF  A02 

NIST/SP-838/8 

Project  Summaries  1995:  NIST  Building  and  Fire  Research 
Laboratory. 

PB95-270047  00,400    PC  A10/MF  A03 

NIST/SP-838/9 

Publications  1995:  NIST  Building  and  Fire  Research  Lab- 
oratory. 

PB96- 183074  00,226    PC  A08/MF  A02 

NIST/SP-854 

Report  of  the  National  Conference  on  Weight  and  Measures 
(78th).  Held  in  Kansas  City,  MO.  on  July  18-22,  1993. 
PB94-138989  02,623    PC  A18/MF  A04 

NIST/SP-856 

Electroacoustics  for  Characterization  of  Particulates  and 
Suspensions.    Proceedings   of    a    Workshop.    Held  in 
Gaithersburg,  Maryland  on  February  3-4,  1993. 
PB94-1 12695  00,725    PC  A15/MF  A03 

NIST/SP-857 

Putting  the  Information  Infrastructure  to  Work:  Report  of  the 
Information  Infrastructure  Task  Force  Committee  on  Appli- 
cations and  Technology. 

N94-31 228/7  02,715    PC  A06/MF  A02 

Putting  the  Information  Infrastructure  to  Work:  Report  of  the 
Information  Infrastructure  Task  Force  Committee  on  Appli- 
cations and  Technology. 

PB94-163383  00.001    PC  A06/MF  A02 

NIST-SP-859 

Abstract  and  Index  Collection  in  the  Research  Information 
Center  of  the  National  Institute  of  Standards  and  Tech- 
nology. 

PB94-1 52204  02.744    PC  A03/MF  A01 

NIST/SP-860 

Advanced  Components  for  Electric  and  Hybrid  Electric  Ve- 
hicles. Workshop  Proceedings.  Held  in  Gaithersburg,  Mary- 
land on  October  27-28,  1993. 

PB94-177060  04,858    PC  A10/MF  A03 

NIST/SP-861 

Evaluation  of  Alternative  In-Flight  Fire  Suppressants  for 
Full-Scale  Testing  in  Simulated  Aircraft  Engine  Nacelles 
and  Dry  Bays. 

PB94-203403  00,023    PC  A99/MF  E08 

NIST/SP-862 

Northridge  Earthquake  1994:  Performance  of  Structures, 
Lifelines,  and  Fire  Protection  Systems. 

PB94-207461  04,825    PC  A09/MF  A02 

NIST/SP-863 

U.S.  Green  Building  Conference,  1994, 

PB94-206364  02,519    PC  A08/MF  A02 

NIST/SP-864 

Technical  Digest:  Symposium  on  Optical  Fiber  Measure- 
ments (8th),  1994.  Held  in  Boulder,  Colorado  on  September 
13-15,  1994. 

PB94-207636  04,237    PC  A10/MF  A03 

NIST/SP-865 

NIST  Workshop  on  Gas  Sensors:  Strategies  for  Future 
Technologies.    Proceedings   of   a   Workshop.    Held  in 
Gaithersburg,  Maryland  on  September  8-9,  1993. 
PB95-210225  00,507    PC  A08/MF  A02 

NIST/SP-866 

Extreme  Value  Theory  and  Applications:  Proceedings  of  the 
Conference  on  Extreme  Value  Theory  and  Applications, 
Volume  3.  Held  in  Gaithersburg,  Maryland  in  May  1993. 
PB95-104956  03,432  PCA11/MFA03 

NIST/SP-867 

In  Situ  Burning  Oil  Spill  Workshop  Proceedings.  Held  in  Or- 
lando, Florida  on  January  26-28,  1994. 

PB95-1 04907  02,583    PC  A06/MF  A02 

NIST/SP-868 

Information  Infrastructure:  Reaching  Society's  Goals.  Report 
of  the  Information  Infrastructure  Task  Force  Committee  on 
Applications  and  Technology. 

PB94-214756  01,469    PC  A08/MF  A02 


NIST/SP-869 

Databases  Available  in  the  Research  Information  Center  of 
the  National  Institute  of  Standards  and  Technology. 
PB95-128641  02.724    PC  A08/MF  A01 

NIST/SP-870 

Report  of  the  National  Conference  on  Weights  and  Meas- 
ures (79th).  Held  in  San  Diego,  California  on  July  17-21, 
1994. 

PB95-169819  02.656    PC  A20/MF  A04 

NIST/SP-871 

Wind  and  Seismic  Effects.  Proceedings  of  the  U.S. -Japan 
Cooperative  Program  in  Natural  Resources  Panel  on  Wind 
and  Seismic  Effects  (26th).  Held  in  Gaithersburg,  Maryland 
on  May  17-20,  1994. 

PB95-147385  00,433    PC  A99/MF  A06 

NIST/SP-872 

NIST  Industrial  Impacts:  A  Sampling  of  Successful  Partner- 
ships. 

PB95-111514  00.488    PC  A05/MF  A01 

NIST/SP-872-REV-1-95 

NIST  Industrial  Impacts:  A  Sampling  of  Successful  Partner- 
ships (Revision,  March  1995). 

PB95-209193  00,489    PC  A05/MF  A01 

NIST/SP-873 

Joint  DoD/NIST  Workshop  on  International  Manufacturing 
Systems  Research  and  Development.  Held  in  Rockville, 
Maryland  on  November  3-5,  1992.  Proceedings. 
PB96-109491  02,931  PCA11/MFA03 

NIST/SP-874 

Methods  for  Analysis  of  Cancer  Chemopreventive  Agents  in 
Human  Serum. 

PB95-200648  03,502    PC  A07/MF  A02 

NIST/SP-876 

Boundary  Lubrication  of  Silicon  Nitride. 

PB95-213583  03,226    PC  A18/MF  A04 

NIST/SP-877 

Proceedings  of  the  Manufacturing  Technology  Needs  and 
Issues:  Establishing  National  Priorities  and  Strategies  Con- 
ference. Held  in  Gaithersburg,  Maryland  on  April  26-28, 
1994. 

PB95-206181  02,930    PC  A22/MF  A04 

NIST/SP-879 

Ceramic  Powders  Characterization:  Results  of  an  Inter- 
national Laboratory  Study. 

PB95-270039  02,672    PC  A22/MF  A04 

NIST/SP-881/1 

Federal  Implementation  Guideline  for  Electronic  Data  Inter- 
change: ASC  X12  003040  Transaction  Set  838  Trading 
Partner  Profile  (Vendor  Registration),  Implementation  Con- 
vention. 

PB96-1 12651  03.674    PC  A04/MF  A01 

NIST/SP-881/2 

Federal  Implementation  Guideline  for  Electronic  Data  Inter- 
change: ASC  X12  003040  Transaction  Set  838  Trading 
Partner  Profile  (Confirmation  of  Vendor  Registration).  Imple- 
mentation Convention. 

PB96-111190  01.813    PC  A03/MF  A01 

NIST/SP-881/3 

Federal  Implementation  Guideline  for  Electronic  Data  Inter- 
change. ASC  X12  003050  Transaction  Set  850  Award  In- 
strument. Implementation  Convention. 

PB96-1 14913  01.814  PCA11/MFA03 

NIST/SP-881-4 

Federal  Implementation  Guideline  for  Electronic  Data  Inter- 
change. ASC  X12  003050  Transaction  Set  860  Modifica- 
tions to  Award  Instrument.  Implementation  Convention. 
PB96-1 14921  07,8)5  PCA11/MFA03 

NIST/SP-881-5 

Federal  Implementaion  Guideline  for  Eletronic  Data  Inter- 
change. ASC  X12  003050  Transaction  Set  865  Purchase 
Order  Change  Acknowledgement/Request  -  Seller  Initiated. 
Implementation  Convention. 

PB96-172549  01.825    PC  A09/MF  A02 

NIST/SP-881/6 

Federal  Implementation  Guideline  for  Electronic  Data  Inter- 
change. ASC  X12  003050  Transaction  Set  855  Purchase 
Order  Acknowledgment:  Implementation  Convention. 
PB96-172374  07,823    PC  A04/MF  A01 

NIST/SP-881-7 

Federal  Implementation  Guideline  for  Electronic  Data  Inter- 
change. ASC  X12  003050  Transaction  Set  843  Response 
to  Request  for  Quotation.  Implementation  Convention. 
PB96-168984  01,822    PC  A09/MF  A02 

NIST/SP-881-8 

Federal  Implementation  Guideline  for  Electronic  Data  Inter- 
change. ASC  X12  003050  Transaction  Set  840  Request  for 
Quotation.  Implementation  Convention. 

PB96-172531  07,824    PC  A10/MF  A03 

NIST/SP-881/9 

Federal  Implementation  Guideline  for  Electronic  Data  Inter- 
change: ASC  X12  003050  Transaction  Set  836  Procure- 
ment Notices.  Implementation  Convention. 
PB96-178892  01,827    PC  A04/MF  A01 

NIST/SP-882 

Conceptual  Design  Plan  for  the  National  Advanced  Manu- 
facturing Testbed. 

PB95-231866  02,828    PC  A05/MF  A01 

NIST/SP-884 

Abstract  and  Index  Collection  in  the  Research  Information 
Center  of  the  National  Institute  of  Standards  and  Tech- 
nology. 

PB95-232633  02,741    PC  A03/MF  A01 


NIST/SP-885 

Proceedings  of  the  Applied  Diamond  Conference  1995:  Ap- 
plications of  Diamond  Films  and  Related  Materials  Inter- 
national Conference  (3rd).  Held  in  Gaithersburg,  Maryland, 
on  August  21-24,  1995. 

PB95-255204  04,707    PC  A99/MF  E1 1 

NIST/SP-886 

Proceedings  of  the  Annual  Manufacturing  Technology  Con- 
ference  (2nd):   Toward   a  Common   Agenda.   Held  in 
Gaithersburg,  Maryland  on  April  18-20,  1995. 
PB96-1 12693  02,887    PC  A99/MF  EOS 

NIST/SP-887 

Composite  Materials  for  Offshore  Operations:  Proceedings 
of  the  International  Workshop  (1st).  Held  in  Houston,  Texas 
on  October  26-28,  1993. 

PB96-109509  03,169    PC  A17/MF  A04 

NIST/SP-888 

International  Green  Building  Conference  and  Exposition 
(2nd).  Held  in  Big  Sky,  Montana  on  August  13-15,  1995. 
PB95-253605  02,525    PC  A04/MF  A01 

NIST/SP-889 

Post-Earthquake  Fire  and  Lifelines  Workshop.  Held  in  Long 
Beach,  California  on  January  30-31,  1995.  Proceedings. 
PB96-1 17916  00,209    PC  A04/MF  A01 

NIST/SP-890-V1 

Fire  Suppression  System  Performance  of  Alternative  Agents 
in  Aircraft  Engine  and  Dry  Bay  Laboratory  Simulations. 
SP890:  Volume  1. 

PB96-1 17775  03,277    PC  A99/MF  E08 

NIST/SP-890-V2 

Fire  Suppression  System  Performance  of  Alternative  Agents 
in  Aircraft  Engine  and  Dry  Bay  Laboratory  Simulations.  SP 
890:  Volume  2. 

PB96-1 17783  03,278    PC  A99/MF  A06 

NIST/SP-891 

Standards  Setting  in  the  European  Union:  Standards  Orga- 
nization and  Officials  in  EU  Standards  Activities. 
PB96-115019  02,919    PC  A04/MF  A01 

NIST/SP-893 

Glimpse  of  Materials  Research  in  China:  A  Report  from  an 
Interagency  Study  Team  on  Materials  Visiting  China  from 
June  19,  1995  to  June  30,  1995. 

PB96-1 12677  02,978  PCA11/MFA03 

NIST/SP-894 

Report  of  the  National  Conference  on  Weights  and  Meas- 
ures (80th)  as  Adopted  by  the  80th  National  Conference  on 
Weights  and  Measures,  1995.  Held  in  Portland,  Maine  on 
July  16-20,  1995. 

PB96-165840  02,681    PC  A15/MF  A03 

NIST/SP-895 

Databases  Available  in  the  Research  Information  Center  of 
the  National  Institute  of  Standards  and  Technology  (Decem- 
ber 1995). 

PB96-139407  02,734    PC  A07/MF  A02 

NIST/SP-896 

Conference  Proceedings:  International  Workshop  on  Instru- 
mented Indentation.  Held  in  San  Diego,  California  on  April 
22-23,  1995. 

PB96-158688  07,948    PC  A06/MF  A01 

NIST/SP-897 

Working  Conference  on  Global  Growth  of  Technology:  Is 
America  Prepared.  Held  in  Gaithersburg,  Maryland  on  De- 
cember 7  1995 

PB96-210059  00,018    PC  A07/MF  A02 

NIST/SP-898 

Innovation  in  the  Japanese  Construction  Industry:  A  1995 
Appraisal, 

PB96-177373  00,225    PC  A13/MF  A03 

NIST/SP-901 

January  17,  1995  Hyogoken-Nanbu  (Kobe)  Earthquake. 
Performance  of  Structures,  Lifelines  and  Fire  Protection 
Systems.  Executive  Summary  and  Paper. 
PB97-104160  00.475    PC  A99/MF  A06 

NIST/SP-902 

Proceedings  of  the  Open  Forum  on  Laboratory  Accredita- 
tion at  the  National  Institute  of  Standards  and  Technology, 
October  13,  1995. 

PB96-210141  02.686    PC  A10/MF  A03 

NIST/SP-903 

Directory  of  U.S.  Private  Sector  Product  Certification  Pro- 

02.688    PC  A20/MF  A04 


grams. 

PB96-2 15074 


NIST/SP-904 

Wind  and  Seismic  Effects:  Proceedings  of  the  Joint  Meeting 
of  the  U.S.-Japan  Cooperative  Program  in  Natural  Re- 
sources Panel  on  Wind  and  Seismic  Effects  (28th).  Held  in 
Gaithersburg,  Maryland  on  May  14-17,  1996. 
PB97-1 04376  00,476    PC  A99/MF  A06 

NIST/SP-905 

Technical  Digest:  Symposium  on  Optical  Fiber  Measure- 
ments (9th),  1996.  Held  in  Boulder,  Colorado  on  October  1- 
3  1996 

PB97-108583  04.383    PC  A12/MF  A03 

NIST/SP-908 

International  Green  Building  Conference  and  Exposition 
(3rd).  Held  in  San  Diego,  California  on  November  17-19, 
1996.  (Reannouncement  with  new  abstract). 
PB97-121826  02,531    PC  A12/MF  A03 

NIST/SW/DK-94/001 
HAZARD  I  Fire  Hazard  Assessment  Method  (Version  1.2) 
(for  Microcomputers). 

PB94-501988  00,196    Diskette  $250.00 
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NIST/SW/DK-94/002 

HAZARD  I  Fire  Hazard  Assessment  Method,  Version  1.2 
(Upgrade  Package)  (for  Microcomputers). 
PB94-501996  00.197    CP  D99 

NIST/SW/DK-94/003 
Building  Life  Cycle  Cost  Computer  Program  (BLCC),  Ver- 
sion 4,2-95  (tor  Microcomputers). 

PB95-501953  00.266    CP  D02 

NIST/SW/DK-95/002 

Building  Life  Cycle  Cost  Computer  Program  (BLCC)  Version 

4.21-  95  (for  Microcomputers). 

PB95-502779  00.267    CP  D02 

Building  Life  Cycle  Cost  Computer  Program  (BLCC)  Version 

4.22-  95  (for  Microcomputers). 

PB95-503397  00.268    CP  D02 

NIST/SW/MT-93/008 

FORTRAN  Compiler  Validation  System,  Version  2.1. 

PB94-500691  01,698    CP  T99 

NIST/TN-1297 

Guidelines  for  Evaluating  and  Expressing  the  Uncertainty  of 

NIST  Measurement  Results.  1994  Edition. 

PB95-143087  02.649    PC  A03/MF  A01 

NIST/TN-1354 

NIST  60-Millimeter  Diameter  Cylindrical  Cavity  Resonator: 

Performance  Evaluation  for  Permittivity  Measurements. 

PB94-151776  02,257  PCA11/MFA03 

NIST/TN-1355-R 

Transmission/Reflection  and  Short-Circuit  Line  Methods  for 

Measuring  Permittivity  and  Permeability. 

PB94-165537  02.211    PC  A06/MF  A02 

NIST/TN-1357 

Coaxial  Reference  Standard  for  Microwave  Power. 
PB94-193786  01.880    PC  A04/MF  A01 

NIST/TN-1361 

Aperture  Excitation  of  Electrically  Large,  Lossy  Cavities. 
PB94-145711  00.029    PC  A05/MF  A01 

NIST/TN-1363 
Cryogenic  Properties  of  Silver. 

PB94-203593  03.330    PC  A03 

NIST/TN-1364 

Uncertainty  Analysis  of  the  NIST  Nitrogen  Flow  Facility. 

PB95-128906  02,608    PC  A04/MF  A01 

NIST/TN-1365 

Sub-Doppler  Frequency  Measurements  on  OCS  at  87  Thz 
(3.4  micrometers)  with  the  CO  Overtone  Laser:  Consider- 
ations and  Details. 

PB95-128633  04,255    PC  A03/MF  A01 

NIST/TN-1366 

Analytical  Estimation  of  Carrier  Multipath  Bias  on  GPS  Posi- 
tion Measurements 

PB94-215712  04.845    PC  A04/MF  A01 

NIST/TN-1367 

Flow  Conditioner  Tests  for  Three  Orifice  Flowmeter  Sizes. 
PB95-105540  04.201    PC  A05/MF  A01 

NIST/TN-1369 

Video  Microscopy  Applied  to  Optical  Fiber  Geometry  Meas- 
urements. 

PB95-173068  04.295    PC  A04/MF  A01 

NIST/TN-1371 

Effective  Medium  Theory  for  Ferrite-Loaded  Materials. 

PB95-154662  01.893    PC  A03/MF  A01 

NIST/TN-1372 

Assessment  of  Data  by  a  Second-Order  Transfer  Function. 
PB95-182390  03.760    PC  A05/MF  A01 

NIST/TN-1373 

Spherical-Wave  Source-Scattering  Matrix  Analysis  of  Anten- 
nas and  Antenna-Antenna  Interactions. 

PB96-1 1 1 166  02.008    PC  A08/MF  A02 

NIST/TN-1374 

Calibration  Service  for  Coaxial  Reference  Standards  for 
Microwave  Power. 

PB96-162722  01,958    PC  A07/MF  A02 

NIST/TN-1375 

Band-Limited,  White  Gaussian  Noise  Excitation  for  Rever- 
beration Chambers  and  Applications  to  Radiated  Suscepti- 
bility Testing. 

PB96-165410  01,960    PC  A07/MF  A02 

NIST/TN-1376 

Optical  Detector  Nonlinearity:  Simulation. 

PB96-165378  02,199    PC  A04/MF  A01 

NIST/TN-1377 

Radiated  Emissions  and  Immunity  of  Microstrip  Trans- 
mission Lines:  Theory  and  Measurements. 
PB96-162649  02,238    PC  A04/MF  A01 

NIST/TN-1378 

Optical  Fiber,  Fiber  Coating,  and  Connector  Ferrule  Geom- 
etry: Results  of  Interlaboratory  Measurement  Comparisons. 
PB96-1 54422  04,360    PC  A05/MF  A01 

NIST/TN-1379 

Direct  Comparison  Transfer  of  Microwave  Power  Sensor 
Calibrations. 

PB96-158654  02,086    PC  A03/MF  A01 

NIST/TN-1380 

Trapped  Ions  and  Laser  Cooling  4:  Selected  Publications  of 
the  Ion  Storage  Group  of  the  Time  and  Frequency  Division 
NIST,  Boulder.  Colorado. 

PB96-172358  04.108  PCA11/MFA03 


NIST/TN-1381 

Rapid  Evaluation  of  Mode-Stirred  Chambers  Using  Impul- 
sive Waveforms. 

PB96-210026  01,979    PC  A04/MF  A01 

NIST/TN-1382 

Standard  Source  Method  for  Reducing  Antenna  Factor  Er- 
rors in  Shielded  Room  Measurements. 

PB96-183157  02,013    PC  A04/MF  A01 

NIST/TN-1406 

Fire  Safety  of  Passenger  Trains:  A  Review  of  Current  Ap- 
proaches and  of  New  Concepts. 

PB94-152006  04,848  PCA11/MFA03 

NIST/TN-1407 

Fire  Data  Management  System,  FDMS  2.0,  Technical  Doc- 
umentation. 

PB94-164019  01,358    PC  A05/MF  A01 

NIST/TN-1408 

Summary  Report  of  NIST's  Industry-Government  Consor- 
tium Research  Program  on  Flowmeter  Installation  Effects: 
The  45  Degree  Elbow. 

PB95-143061  04,204    PC  A06/MF  A02 

N1ST/TN-1409 

Laser  Doppler  Velocimeter  Studies  of  the  Pipeflow  Pro- 
duced by  a  Generic  Header. 

PB95-226916  02,602    PC  A05/MF  A01 

NIST/TN-1410 

Measuring  Long  Gage  Blocks  with  the  NIST  Line  Scale  In- 
terferometer. 

PB95-242400  02.665    PC  A03/MF  A01 

NIST/TN-1411 

Reproducibility  of  the  Temperature  of  the  Ice  Point  in  Rou- 
tine Measurements. 

PB95-255923  04,075    PC  A03/MF  A01 

NIST/TN-1412 

Thermochemical  and  Chemical  Kinetic  Data  for  Fluorinated 
Hydrocarbons. 

PB95-260618  01,056    PC  A09/MF  A02 

NIST/TN-1413 

45  deg/0  deg  Reflectance  Factors  of  Pressed  Polytetra- 
fluoroethylene  (PTFE)  Powder. 

PB95-260758  04.328    PC  A06/MF  A02 

NIST/TN-1414 

Liquid-Nitrogen-Cooled  High  Tc  Electrical  Substitution  Radi- 
ometer as  a  Broadband  IR  Transfer  Standard. 
PB96-1 58704  02,198    PC  A03/MF  A01 

NIST/TN-1416 

Estimates  of  Hurricane  Wind  Speeds  by  the  'Peaks  Over 
Threshold'  Method. 

PB96-162540  00,471    PC  A04/MF  A01 

NIST/TN-1417 

NIST  Measurement  Assurance  Program  for  Capacitance 
Standards  at  1  kHz. 

PB96-172333  02,276    PC  A03/MF  A01 

NIST/TN-1418 

Probabilistic  Estimates  of  Design  Load  Factors  for  Wind- 
Sensitive  Structures  Using  the  'Peaks  Over  Threshold'  Ap- 
proach. 

PB96-183223  00,474    PC  A04/MF  A01 

NIST/TN-1419 

Flowmeter  Installation  Effects  Due  to  a  Generic  Header. 

PB96-210893  02,606    PC  A07/MF  A02 

NIST/TN-1420 

NIST  High-Accuracy  Sampling  Wattmeter. 

PB97-108575  02,689    PC  A04/MF  A01 

NIST/TN-1421 

National  Measurement  System  for  Radiometry,  Photometry, 
and  Pyrometry  Base  Upon  Absolute  Detectors. 
PB97-108559  04,382    PC  A04/MF  A01 

NIST92DDI51 0-5-1. 11 
Ada  Compiler  Validation  Summary  Report.  Certificate  Num- 
ber: 931119S1. 11332,  DDC-I,  Inc.  DACS  MIPS  R3000  Bare 
Ada  Cross  Compiler  System,  Version  4.7.1  Sun 
SPARCstation  IPX  =>  DACS  Sun  SPARC/SunOS  to  MIPS 
R3000  Bare  Instruction  Set  Architecture  Simulator,  Version 
4.7.1. 

AD-A276  181/5  07,647    PC  A04/MF  A01 

NISTIR/GCR-95/680 

National  Construction  Sector  Goals:  Industry  Strategies  for 
Implementation. 

PB95-269817  00,204    PC  A03/MF  A01 

NISTIR-85-3273-8 

Energy  Prices  and  Discount  Factors  for  Life-Cycle  Cost 
Analysis  1994.  Annual  Supplement  to  NIST  Handbook  135 
and  NBS  Special  Publication  709. 

PB94-206018  02,508    PC  A04/MF  A01 

NISTIR-85/3273-9 
Energy  Price  Indices  and  Discount  Factors  for  Life-Cycle 
Cost  Analysis  1995.  Annual  Supplement  to  NIST  Handbook 
135  and  NBS  Special  Publication  709.  (Revised). 
PB95-105011  02.509    PC  A04/MF  A01 

NISTIR-85/3273-10 

Energy  Price  Indices  and  Discount  Factors  for  Life-Cycle 
Cost  Analysis  1996.  Annual  Supplement  to  NIST  Handbook 
135  and  NBS  Special  Publication  709.  (Revised). 
PB96-162441  02.510    PC  A05/MF  A01 

NISTIR-85-3273-11 

Energy  Price  Indices  and  Discount  Factors  for  Life-Cycle 
Cost  Analysis  1997.  Annual  Supplement  to  NIST  Handbook 
135  and  NBS  Special  Publication  709.  (Revised). 
PB96-210745  02.512    PC  A05/MF  A01 


NISTIR-89-4157 

Development  and  Characterization  of  Insulating  Layers  on 
Silicon  Carbide:  Annual  Report  for  February  14,  1988  to 
February  14,  1989. 

PB94-155579  02,295    PC  A03/MF  A01 

NISTIR-89/4213 

Earthquake  Resistant  Construction  of  Electric  Transmission 
and  Telecommunication  Facilities  Serving  the  Federal  Gov- 
ernment Report. 

PB94-161817  02,460    PC  A03/MF  A01 

NISTIR-89/4214 

Factors  Significant  to  Precracking  of  Fracture  Specimens. 
PB96-109558  03,358    PC  A06/MF  A02 

NISTIR-3976 

Droplet  Transfer  Modes  for  a  MIL  100S-1  GMAW  Electrode. 
PB95-209300  02.867    PC  A04/MF  A01 

NISTIR-3977 

Alternating-Field  Susceptometry  and  Magnetic  Susceptibility 
of  Supercondoctors.  Presented  at  Office  of  Naval  Research 
Workshop  on  Magnetic  Susceptibility  of  Superconductors 
and  Other  Spin  Systems.  Held  in  Berkeley  Springs,  West 
Virginia  on  20  May  1991. 

PB94-145984  04,435    PC  A01/MF  A01 

NISTIR-3993 

Bibliography  of  the  NIST  Electromagnetic  Fields  Division 
Publications. 

PB94-165990  01,875    PC  A06/MF  A02 

NISTIR-3994 

Metrology  for  Electromagnetic  Technology:  A  Bibliography 
of  NIST  Publications. 

PB94-159761  02,776    PC  A04/MF  A01 

NISTIR-4333 

National  Type  Evaluation  Program:  Index  of  Device  Evalua- 
tions by  Company.  NCWM  Publication  5  Part  A  (Second 
Edition). 

PB94-160835  02,889    PC  A05/MF  A01 

NISTIR-4419 

Seismic  Instrumentation  of  Existing  Buildings. 

PB94-159779  00,420    PC  A04/MF  A01 

NISTIR-4440 

Summaries  of  Center  for  Fire  Research  In-House  Projects 
and  Grants:  1990. 

PB94-160876  00,286    PC  A10/MF  A03 

NISTIR-4443 

Sulfur  Dioxide  Capture  in  the  Combustion  of  Mixtures  of 
Lime,  Refuse-Derived  Fuel,  and  Coal. 

PB94-155587  02,534    PC  A04/MF  A01 

NISTIR-4489 

Fire  Growth  Analysis  of  the  Fire  of  March  20,  1990,  Pulaski 
Building,  20  Massachusetts  Avenue,  N.W.,  Washington, 
DC. 

PB94-205952  00, 794    PC  A03/MF  A01 

NISTIR-4490 

Review  of  Mathematical  Function  Library  for  Microsoft- 
FORTRAN,  John  Wiley  and  Sons,  1989. 
PB94-160793  01,679    PC  A03/MF  A01 

NISTIR-4493 

NVLAP  Procedures  U.S.  Code  of  Federal  Regulations.  Title 
15,  Subtitle  A,  Chapter  2,  Part  7.  (Effective  December  1984; 
Amended  September  1990). 

PB94-160850  02.627    PC  A03/MF  A01 

NISTIR-4498 

Cylinder  Wipe  Air-Drying  Intaglio  Ink  Vehicles  for  U.S.  Cur- 
rency Inks. 

PB94-160801  03,775    PC  A03/MF  A01 

NISTIR-4548 

Center  for  Electronics  and  Electrical  Engineering  Technical 
Progress  Bulletin  Covering  Center  Programs,  October  to 
December,  with  1991  CEEE  Events  Calendar. 
PB94-159787  02.296    PC  A03/MF  A01 

NISTIR-4568 

Comparison  of  Finite  Element  and  Analytic  Calculations  of 
the  Resonant  Modes  and  Frequencies  of  a  Thick  Shell 
Sphere. 

PB94-160785  02,626    PC  A03/MF  A01 

NISTIR-4621 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs,  January 
to  March  1991,  with  1991  EEEL  Events  Calendar. 
PB94-145968  02,773    PC  A03/MF  A01 

NISTIR-4638 

Performance  Approach  to  the  Development  of  Criteria  for 
Low-Sloped  Roof  Membranes. 

PB94-160751  00,329    PC  A03/MF  A01 

NISTIR-4646 

Guide  to  Configuration  Management  and  the  Revision  Con- 
trol System  for  Testbed  Users. 

PB94-150919  07,673    PC  A03/MF  A01 

NISTIR-4670 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs,  April  to 
June  1991,  with  1992  EEEL  Events  Calendar. 
PB95-209821  07,976    PC  A03/MF  A01 

NISTIR-4676 

Validation  Testing  System  Requirements.  National  PDES 
Testbed  Report  Series. 

PB94-163482  02,771    PC  A03/MF  A01 

NISTIR-4711 

Optical  Performance  of  Commercial  Windows. 
PB95-208757  00,392    PC  A09/MF  A02 
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NISTIR-5290 


NISTIR-4721 

Questions  and  Answers  on  Quality,  the  ISO  9000  Standard 
Series.  Quality  System  Registration,  and  Related  Issues. 
More  Questions  and  Answers  on  the  ISO  9000  Standard 
Series  and  Related  Issues. 

PB95- 103461  00,495    PC  A03/MF  A01 

NISTIR-4738 

Models,  Managing  Models,  Quality  Models:  An  Example  of 
Quality  Management. 

PB94-163466  02,891    PC  A03/MF  A01 

NISTIR-4755 

Issues  and  Recommendations  for  a  STEP  Application  Pro- 
tocol Framework.  National  PDES  Testbed. 
PB94-160868  02,770    PC  A05/MF  A01 

NISTIR-4779 

Summary  Report  ol  NIST's  Industry-Government  Consor- 
tium Research  Program  on  Flowmeter  Installation  Effects 
with  Emphasis  on  the  Research  Period,  January-September 
1991:  The  Reducer. 

PB94-160736  04,196    PC  A04/MF  A01 

NISTIR-4790 

Microstructural  Features  of  Some  Low  Water/Solids,  Silica 
Fume  Mortars  Cured  at  Different  Temperatures. 
PB94-160777  00,330    PC  A03/MF  A01 

NISTIR-4795 

Earthquake  Resistant  Construction  of  Gas  and  Liquid  Fuel 
Pipeline  Systems  Serving,  or  Regulated  By,  the  Federal 
Government. 

PB94-161999  04,846    PC  A05/MF  A01 

NISTIR-4804 

Issues  Concerning  Material  Removal  Shape  Element  Vol- 
umes (MRSEVs). 

PB95-210167  02,885    PC  A03/MF  A01 

NISTIR-4841 

Properties  and  Interactions  of  Oral  Structures  and  Restora- 
tive Materials.  Annual  Report  for  Period  October  1,  1990  to 
September  30,  1991. 

PB94-160843  03,558    PC  A06/MF  A01 

NISTIR-4859 

Time-Perturbation  Tuning  of  MIMD  Programs. 

PB94-164399  01,681    PC  A03/MF  A01 

NISTIR-4870 

Feasibility  and  Design  Considerations  of  Emergency  Evacu- 
ation by  Elevators. 

PB94-163441  00,287    PC  A07/MF  A02 

NISTIR-4877 

Room-Temperature  Flexure  Fixture  for  Advanced  Ceramics. 
PB95-210498  03,061    PC  A03/MF  A01 

NiSTIR-4888 

NIST  Support  to  the  Next  Generation  Controller  Program: 
1991  Final  Technical  Report. 

PB94- 163490  02,808    PC  A09/MF  A02 

NISTIR-4889 

Design  Guide  for  CMOS-On-SIMOX.  Test  Chips  NIST3  and 
NIST4. 

PB94-163458  02.297    PC  A05/MF  A01 

NISTIR-4894 

Computation  of  Dendrites  Using  a  Phase  Field  Model. 
PB94-160744  04.436    PC  A03/MF  A01 

NISTIR-4895 

Study  to  Determine  the  Most  Important  Parameters  for 
Evaluating  the  Resistance  of  Soft  Body  Armor  to  Penetra- 
tion by  Edged  Weapons. 

PB94-158573  03.757    PC  A03/MF  A01 

NISTIR-4901 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs,  January 
to  March  1992,  with  1992/1993  EEEL  Events  Calendar. 
PB95-210480  01,917    PC  A03/MF  A01 

NISTIR-4903 
Structural  EXPRESS  Editor. 

PB94-159795  02.769    PC  A04/MF  A01 

NISTIR-4904 

Compatibility  Analysis  of  the  ANSI  and  ISO  IRDS  Services 
Intsrf  3css 

PB94-163474  01.805    PC  A06/MF  A02 

NISTIR-4942-2 

Present  Worth  Factors  for  Life-Cycle  Cost  Studies  in  the 
Department  of  Defense  (1995). 

PB95-105029  03,664    PC  A04/MF  A01 

NISTIR-4942-3 

Present  Worth  Factors  tor  Life-Cycle  Cost  Studies  in  the 
Department  of  Defense  (1996). 

PB96-106869  03,673    PC  A04/MF  A01 

NISTIR-4974 

Publications  of  the  Manufacturing  Engineering  Laboratory 
Covering  the  Period  January  1 989-September  1992. 
PB94-165966  02,750    PC  A06/MF  A02 

NISTIR-4981 

Controlling  Moisture  in  the  Walls  of  Manufactured  Housing. 
PB95-105136  00.355    PC  A03/MF  A01 

NISTIR-5002 

TEM/Reverberating  Chamber  Electromagnetic  Radiation 
Test  Facility  at  Rome  Laboratory. 

PB96-155023  03,675    PC  A05/MF  A01 

NISTIR-5013 

Electromechanical  properties  of  superconductors  for  DOE 
fusion  applications. 

DE95015476  04.432    PC  A04/MF  A01 


Electromechanical  Properties  of  Superconductors  for  DOE 
Fusion  Applications. 

PB94-139672  02.250    PC  A06/MF  A02 

NISTIR-5015 

Crosstalk  between  Microstrip  Transmission  Lines. 

PB94-135639  02.210    PC  A03/MF  A01 

NISTIR-5016 

NIST  Model  PM2  Power  Measurement  System  for  1  mW  at 
1  GHz. 

PB94-135803  02.018    PC  A03/MF  A01 

NISTIR-5018 

Optical  Fiber  Sensors:  Accelerating  Applications  in  Navy 
Ships. 

PB94-186848  02.632    PC  A06/MF  A02 

NISTIR-5022 

RangeCAD  and  the  NIST  RCS  Uncertainty  Analysis. 
PB94-218591  01.870    PC  A03/MF  A01 

NISTIR-5023 

Measurements  of  Shielding  Effectiveness  and  Cavity  Char- 
acteristics of  Airplanes. 

PB94-210051  00.030    PC  A04/MF  A01 

NISTIR-5024 

Composite  Struts  for  SMES  Plants. 

PB95-155586  02.507    PC  A99/MF  A06 

NISTIR-5025 

Irradiation  Damage  in  Inorganic  Insulation  Materials  for 
ITER  Magnets:  A  Review. 

PB95-147351  03.705    PC  A18/MF  A04 

NISTIR-5026 

Thermal  Hydraulic  Tests  of  a  Liquid  Hydrogen  Cold  Neutron 
Source. 

PB95-135570  03.884    PC  A03/MF  A01 

NISTIR-5027 

Superconductor  Critical  Current  Standards  for  Fusion  Appli- 
cations. Final  Progress  Report,  October  1993-July  1994. 
PB95-169538  02,222    PC  A05/MF  A02 

NISTIR-5028 

Bibliography  of  the  NIST  Electromagnetic  Fields  Division 
Publications. 

PB95- 135562  01,886    PC  A06/MF  A02 

NISTIR-5029 

Metrology  for  Electromagnetic  Technology:  A  Bibliography 
of  NIST  Publications. 

PB95-135588  02,143    PC  A05/MF  A01 

NISTIR-5030 

Cryogenic  Properties  of  Inorganic  Insulation  Materials  for 
ITER  Magnets:  A  Review. 

PB95-198768  03,706    PC  A10/MF  A03 

NISTIR-5032 

Electromagnetic  Shielding  Characterization  of  Gaskets 
PB95-198917  01.911    PC  A03/MF  A01 

NISTIR-5033 

Polarimetric  Calibration  of  Reciprocal-Antenna  Radars. 
PB95-216925  01,872    PC  A03/MF  A01 

NISTIR-5034 

IIW  Commission  V  Quality  Control  and  Quality  Assurance  of 
Welded  Products  Annual  Report  1994/95. 
PB95-198743  02,566    PC  A03/MF  A01 

NISTIR-5035 

Time  and  Frequency:  Bibliography  of  NIST  Publications, 
March  1995. 

PB95-220463  01,548    PC  A06/MF  A02 

NISTIR-5037 

Control  of  Gas-Metal-Arc  Welding  Using  Arc-Light  Sensing. 
PB96-131461  02,869    PC  A06/MF  A02 

NISTIR-5038 

Residual  Stress  in  Induction-Heated  Railroad  Wheels:  Ultra- 
sonic and  Saw  Cut  Measurements.  Report  No.  28. 
PB96-106992  04,854    PC  A04/MF  A01 

NISTIR-5040 

Metrology  for  Electromagnetic  Technology:  A  Bibliography 

of  NIST  Publications,  September  1995. 

PB96-128269  01,938    PC  A05/MF  A01 

NISTIR-5041 

Bibliography  of  the  NIST  Optoelectronics  Division. 

PB96-128210  02,193    PC  A04/MF  A01 

NISTIR-5043 

Dynamometer-Induced  Residual  Stress  in  Railroad  Wheels: 
Ultrasonic  and  Saw  Cut  Measurements.  Report  No.  30. 
PB96-183199  04,857    PC  A04/MF  A01 

NISTIR-5044 

IIW  Commission  V  Quality  Control  and  Quality  Assurance  of 
Welded  Products,  Annual  Report  1995/96. 
PB96-191366  02,880    PC  A04/MF  A01 

NISTIR-5045 

Dielectric  and  Magnetic  Measurements  from  -50C  to  200C 

and  in  the  Frequency  Band  50  MHz  to  2  GHz. 

PB96-191382  02,245    PC  A03/MF  A01 

NISTIR-5048 

Hybrid  Gauss-Trapezoidal  Quadrature  Rules. 

PB96-193750  03,422    PC  A04/MF  A01 

NISTIR-5050 

Bibliography  of  the  NIST  Electromagnetic  Fields  Division 
Publications. 

PB96-210778  01,980    PC  A08/MF  A02 

NISTIR-5051 

Metrology  tor  Electromagnetic  Technology:  A  Bibliography 
of  NIST  Publications. 

PB97-1 16057  04,396    PC  A06/MF  A01 


NISTIR-5052 

Bibliography  of  the  NIST  Optoelectronics  Division 
PB97-1 16040  02,207    PC  A06/MF  A01 

NISTIR-5102 

Diffusion  of  Cations  Beneath  Organic  Coatings  on  Steel 
Substrate. 

PB94-21 5704  03, 1 19    PC  A03/MF  A01 

NISTIR-5122 

Questions  and  Answers  on  Quality,  the  ISO  9000  Standard 
Series.  Quality  System  Registration,  and  Related  Issues. 
More  Questions  and  Answers  on  the  ISO  9000  Standard 
Series  and  Related  Issues. 

PB95-103461  00,495    PC  A03/MF  A01 

NISTIR-5145 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs,  October 
to  December  1992,  with  1992/1993  EEEL  Events  Calendar. 
PB94-165958  02,299    PC  A03/MF  A01 

NISTIR-5165 

Life-Cycle  Costing  Workshop  for  Energy  Conservation  in 
Buildings:  Student  Manual. 

PB95-175006  00,257  PCA11/MFA03 

NISTIR-5178 

Least-Cost  Energy  Decisions  for  Buildings:  Part  2.  Uncer- 
tainty and  Risk  Video  Training  Workbook. 
PB94-165982  00,240    PC  A04/MF  A01 

NISTIR-5184 

Highway  Concrete  (HWYCON)  Expert  System  User  Ref- 
erence and  Enhancement  Guide. 

PB94-215670  07,376    PC  A08/MF  A02 

NISTIR-5185-2 

BLCC:  The  NIST  'Building  Life-Cycle  Cost'  Program,  Ver- 
sion 4.21.  User's  Guide  and  Reference  Manual. 
PB95-190682  00,263    PC  A06/MF  A02 

NISTIR-5189 

Wind  Load  Provisions  of  the  Manufactured  Home  Construc- 
tion and  Safety  Standards:  A  Review  and  Recommenda- 
tions for  Improvement. 

PB94-206125  00,428    PC  A06/MF  A02 

NISTIR-5199 

Recertification  of  the  Standard  Reference  Material  1475A,  a 
Linear  Polyethylene  Resin. 

PB94-161932  02,628    PC  A03/MF  A01 

NISTIR-5212 

Constituents  and  Physical  Properties  of  the  C6+  Fraction  of 
Natural  Gas.  Topical  Report,  April-June  1994. 
PB95-136644  02,483    PC  A03/MF  A01 

NISTIR-5214 

Introduction  to  Traffic  Management  for  Broadband  ISDN. 
PB94-142494  01,464    PC  A03/MF  A01 

NISTIR-5225 

Technical  Program  of  the  Factory  Automation  Systems  Divi- 
sion 1993. 

PB94-160819  02,805    PC  A03/MF  A01 

NISTIR-5234 

Report  of  the  NIST  Workshop  on  Digital  Signature  Certifi- 
cate Management.  Held  on  December  10-11.  1992. 
PB94-135001  07,574    PC  A09/MF  A02 

NISTIR-5240 

Measurement  of  Room  Conditions  and  Response  of  Sprin- 
klers and  Smoke  Detectors  during  a  Simulated  Two-Bed 
Hospital  Patient  Room  Fire. 

PB94-213717  00.292    PC  A07/MF  A02 

NISTIR-5250 

Predicting  the  Energy  Performance  Ratings  of  a  Family  of 
Type  I  Combination  Appliances. 

PB95-105524  02.504    PC  A03/MF  A01 

NISTIR-5266 

In  situ  Burning  of  Oil  Spills:  Mesoscale  Experiments. 
PB94-142973  01.355    PC  A04/MF  A01 

NISTIR-5272 
Control  Entity  Interface  Specification. 

PB94-191715  02.815    PC  A06/MF  A02 

NISTIR-5277 

Comparing  Remote  Procedure  Calls:  Open  Network  Com- 
puting,   Distributed   Computing    Environment   and  Inter- 
national Organization  for  Standardization. 
PB95-194205  07,724    PC  A03/MF  A01 

NISTIR-5282 

Technology  Trends  in  Telecommunications:  An  Overview. 
PB94-123080  07,462    PC  A03/MF  A01 

NISTIR-5283 

Security  Considerations  for  SQL-Based  Implementations  of 
STEP. 

PB94-1 39649  •  02.766    PC  A03/MF  A01 

NISTIR-5286 

Determination  of  the  Weight  Average  Molecular  Weight  of 
Two  Polyethylene  Oxides).  SRM  1923  and  SRM  1924. 
PB94-217031  01.230    PC  A03/MF  A01 

NISTIR-5288 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs,  July  to 
September  1993  with  1994  EEEL  Events  Calendar. 
PB94-194354  02,309    PC  A03/MF  A01 

NISTIR-5290 

Mass  Unit  Disseminated  to  Surrogated  Laboratories  Using 
the  NIST  Portable  Mass  Calibration  Package. 
PB94-142486  03.781    PC  A03/MF  A01 
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NISTIR-5295 

Guide  to  Software  Engineering  Environment  Assessment 
and  Evaluation. 

PB94-140167  01.676    PC  A04/MF  A01 

NISTIR-5296 

Computing  Effects  and  Error  for  Large  Synthetic  Perturba- 
tion Screenings. 

PB94-139623  0  7,675    PC  A03/MF  A01 

NISTIR-5297 

Feasibility  Study:  Reference  Architecture  for  Machine  Con- 
trol Systems  Integration. 

PB94-142791  02,804    PC  A12/MF  A03 

NISTIR-5298 

Some  Factors  Affecting  Design  of  a  Furniture  Calorimeter 
Hood  and  Exhaust. 

PB94-139193  00,285    PC  A03/MF  A01 

NISTIR-5299 

Photonic  Materials:  A  Report  on  the  Results  of  a  Workshop. 
Held  in  Gaithersburg,  Maryland  on  August  26-27,  1992,  Vol- 
ume 1. 

PB94-1 52733  02,7  74    PC  A05/MF  A01 

NISTIR-5302 

Evaluating  Small  Board  and  Care  Homes:  Sprinklered  vs. 
Nonsprinklered  Fire  Protection. 

PB94-206356  00,195    PC  A04/MF  A01 

NISTIR-5303 

CSTL  Technical  Activities,  1993. 

PB95-160602  00,953    PC  A17/MF  A04 

NISTIR-5304 

Use  of  Computer  Models  to  Predict  Temperature  and 
Smoke  Movement  in  High  Bay  Spaces. 
PB94-145976  00,797    PC  A04/MF  A01 

NISTIR-5305 
FIREDOC  Users  Manual,  3rd  Edition. 

PB95-128674  01,378    PC  A03/MF  A01 

NISTIR-5306 

Ground-Based  Smoke  Sampling  Techniques  Training 
Course  and  Collaborative  Local  Smoke  Sampling  in  Saudi 
Arstois 

PB94-143542  02,532    PC  A05/MF  A01 

NISTIR-5307 

Open  Architectures  for  Machine  Control. 
PB94-1 35621  02,942    PC  A03/MF  A01 

NISTIR-5308 

General  Procedures  for  Registering  Computer  Security  Ob- 
jects. 

PB94-134897  01,573    PC  A03/MF  A01 

NISTIR-5309 

Context  Analysis  of  the  Network  Management  Domain. 
Conducted  as  Part  of  the  Domain  Analysis  Case  Study. 
PB94-142528  07,465    PC  A05/MF  A01 

NISTIR-5310 

Unconstrained  Handprint  Recognition  Using  a  Limited  Lexi- 
con. 

PB94-168051  07,837    PC  A03/MF  A01 

NISTIR-531 1 

Materials  Science  and  Engineering  Laboratory  Annual  Re- 
port, 1993.  NAS-NRC  Assessment  Panel,  April  21-22,  1994. 
PB94-162534  02,969    PC  A05/MF  A01 

NISTIR-531 2 

Intelligent  Processing  of  Materials,  Technical  Activities  1993 
(NAS-NRC  Assessment  Panel,  April  21-22,  1994). 
PB94-164183  02.809    PC  A04/MF  A01 

NISTIR-531 3 

Ceramics  Technical  Activities,  1993  (NAS-NRC  Assessment 
Panel  April  21-22,  1994). 

PB94-162591  03,031    PC  A10/MF  A03 

NISTIR-531 8 

APDE  Demonstration  System  Architecture.  National  PDES 
Testbed  Report  Series. 

PB94-1 54325  02,767    PC  A03/MF  A01 

NISTIR-531 9 

Assessment  of  Uncertainties  of  Calibration  of  Resistance 
Thermometers  at  the  National  Institute  of  Standards  and 
Technology. 

PB94-142478  02.624    PC  A03/MF  A01 

NISTIR-5320 

Measurements  of  Outdoor  Air  Distribution  in  an  Office  Build- 
ing. 

PB95-210944  00.264    PC  A04/MF  A01 

NISTIR-5321 

Study  of  Heat  Pump  Performance  Using  Mixtures  of  R32/ 
R134a  and  R32/R125/R134a  as  'Drop-In'  Working  Fluids  for 
R22  with  and  Without  a  Liquid-Suction  Heat  Exchanger. 
PB94-218559  02,503    PC  A04/MF  A01 

NISTIR-5322 

Computer  Programs  for  Simulation  of  Lighting/HVAC  Inter- 
actions. 

PB94-140407  02,507    PC  A08/MF  A02 

NISTIR-5324 

Color  Supplement  to  NIST  Special  Publication  400-93: 
Semiconductor  Measurement  Technology:  Design  and  Test- 
ing Guides  for  the  CMOS  and  Lateral  Bipolar-on-SOl  Test 
Library. 

PB94-164316  02,298    PC  A03/MF  A01 

NISTIR-5325 

Conformance  Assessment  of  Transport  Layer  Security  Im- 
plementations. 

PB94-164373  01.576    PC  A03/MF  A01 


NISTIR-5326 

Report  on  Application  Integration  Architectures  (AIA)  Work- 
shop. Held  in  Dallas,  Texas  on  February  8-12,  1993. 
PB94-142536  01,803    PC  A07/MF  A02 

NISTIR-5328 

Hollow  Clay  Tile  Prism  Tests  for  Martin  Marietta  Energy 
Systems:  Task  2  Testing. 

PB94-217486  00,352    PC  A14/MF  A03 

NISTIR-5329 

Manual  for  Ventilation  Assessment  in  Mechanically  Venti- 
lated Commercial  Buildings. 

PB94-145653  00,239    PC  A07/MF  A02 

NISTIR-5331 

Enhanced  Machine  Controller  Architecture  Overview. 
PB94-1 42460  02,802    PC  A03/MF  A01 

NISTIR-5332 

Modulation  of  Fossil  Fuel  Production  by  Global  Tempera- 
ture Variations,  2. 

PB94-1 46636  02,533    PC  A04/MF  A01 

NISTIR-5333 

Reliable  Optical  Flow  Algorithm  Using  3-D  Hermite  Poly- 
nomials. 

PB94-145620  01,829    PC  A03/MF  A01 

NISTIR-5336 

Evaluation  of  GSA  Maintenance  Practices  of  Large  Cen- 
trifugal Chillers  and  Review  of  GSA  Refrigerant  Manage- 
ment Practices. 

PB94-143344  02.502    PC  A04/MF  A01 

NISTIR-5337 

Electronics  and  Electrical  Engineering  Laboratory  1994  Pro- 
gram Plan:  Supporting  Technology  for  U.S.  Competitive- 
ness in  Electronics. 

PB94-126901  01.873    PC  A09/MF  A02 

NISTIR-5338 

System  for  Calibration  of  the  Marshall  Compaction  Ham- 
mer. 

PB94-145661  01.303    PC  A08/MF  A02 

NISTIR-5339 

Comparison  of  Fire  Sprinkler  Piping  Materials:  Steel,  Cop- 
per, Chlorinated  Polyvinyl  Chloride  and  Polybutylene,  in 
Residential  and  Light  Hazard  Installations. 
PB95- 182267  00.299    PC  A03/MF  A01 

NISTIR-5340 

Assessment  of  Uncertainties  of  Thermocouple  Calibrations 
at  NIST. 

PB94-1 52691  03.782    PC  A03/MF  A01 

NISTIR-5341 

Assessment  of  Uncertainties  of  Liquid-in-Glass  Thermom- 
eter Calibrations  at  the  National  Institute  of  Standards  and 
Technology. 

PB94-142510  02.625    PC  A03/MF  A01 

NISTIR-5342 

Computer  Systems  Laboratory  Annual  Report,  1993. 

PB94-162518  01,622    PC  A05/MF  A02 

NISTIR-5343 

Applying  Virtual  Environments  to  Manufacturing. 

PB94-142502  02,803    PC  A03/MF  A01 

NISTIR-5344 

Growth  Surface  for  the  Slopes  at  the  Boundary  of  a  Poly- 
gon. 

PB94-152725  03,408    PC  A03/MF  A01 

NISTIR-5345 

Draft  Guidelines  for  Quality  Control  Testing  of  Elastomeric 
Seismic  Isolation  Systems. 

PB94-161734  00,422    PC  A03/MF  A01 

NISTIR-5346 

Indoor  Air  Quality  Impacts  of  Residential  HVAC  Systems, 
Phase  1  Report:  Computer  Simulation  Plan. 
PB95- 135596  00.249    PC  A06/MF  A02 

NISTIR-5349 

Submissions  to  a  Planned  Encyclopedia  of  Operations  Re- 
search on  Computational  Geometry  and  the  Voronoi/ 
Delaunay  Construct. 

PB94-1 52709  03,425    PC  A03/MF  A01 

NISTIR-5350 

Airborne  Asbestos  Method:  Standard  Test  Method  for  High 
Precision  Counting  of  Asbestos  Collected  on  Filters.  Ver- 
sion 1.0. 

PB94-163003  00,525    PC  A02/MF  A01 

NISTIR-5351 

Airborne  Asbestos  Method:  Standard  Test  Method  for  Veri- 
fied Analysis  of  Asbestos  by  Transmission  Electron  Micros- 
copy. Version  2.0. 

PB94-163045  00,526    PC  A03/MF  A01 

NISTIR-5352 

Boundary  Conforming  Grid  Generation  System  for  Interface 
Tracking. 

PB94-158268  03.312    PC  A03/MF  A01 

NISTIR-5353 

Source  of  Phenol  Emissions  Affecting  the  Indoor  Air  of  an 
Office  Building. 

PB94-154382  03.600    PC  A04/MF  A01 

NISTIR-5356 

Variant  Design  for  Mechanical  Artifacts-A  State  of  the  Art 
Survey. 

PB94-154358  02,768    PC  A03/MF  A01 

NISTIR-5357 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Programs,  October  to  December 
1993,  with  1994/1995  EEEL  Events  Calendar. 
PB94-154341  02,775    PC  A03/MF  A01 


NISTIR-5358 

Airborne  Asbestos  Method:  Standard  Practice  for  Recording 
Transmission  Electron  Microscopy  Data  for  the  Analysis  of 
Asbestos  Collected  onto  Filters.  Version  1.0. 
PB94-210168  00,552    PC  A03/MF  A03 

NISTIR-5359 

Draft  Guidelines  for  Pre-Qualification  and  Prototype  Testing 
of  Seismic  Isolation  Systems. 

PB94-161940  07,337    PC  A06/MF  A01 

NISTIR-5360 

Corrosion  Resistance  of  Materials  for  Renovation  of  the 
United  States  Botanic  Garden  Conservatory. 
PB94-1 54390  00,032    PC  A03/MF  A01 

NISTIR-5362 

NIST  Reactor:  Summary  of  Activities  October  1992  through 
September  1993. 

PB94-161502  04,437    PC  A08/MF  A02 

NISTIR-5363 

Physics  Laboratory  Technical  Activities,  1993. 
PB94-176088  03,796    PC  A10/MF  A03 

NISTIR-5364 

Evaluating  Form  Designs  for  Optical  Character  Recognition. 
PB94-168044  01,830    PC  A06/MF  A02 

NISTIR-5365 

Bibliography  on  Apparel  Sizing  and  Related  Issues. 
PB94-161924  02,806    PC  A03/MF  A01 

NISTIR-5366 

Concept  for  an  Algorithm  Testing  and  Evaluation  Program 
at  NIST. 

PB94-1 63029  02,890    PC  A03/MF  A01 

NISTIR-5367 

Prediction  of  Geometric-Thermal  Machine  Tool  Errors  by 
Artificial  Neural  Networks. 

PB94-186673  02,943    PC  A07/MF  A02 

NISTIR-5370 

Manufactured  Homes:  Probability  of  Failure  and  the  Need 
for  Better  Windstorm  Protection  through  Improved  Anchor- 
ing Systems. 

PB95-143129  00,432    PC  A04/MF  A01 

NISTIR-5371 

Draft  Guidelines  for  Quality  Control  Testing  of  Sliding  Seis- 
mic Isolation  Systems. 

PB94-161957  01,332    PC  A03/MF  A01 

NISTIR-5372 

Computer  Graphics  Metafile  (CGM):  Procedures  for  NIST 
CGM  Validation  Test  Service. 

PB94-161809  07,604    PC  A03/MF  A01 

NISTIR-5373 

Report  on  the  Workshop  on  Manufacturing  Polymer  Com- 
posites by  Liquid  Molding.  Held  in  Gaithersburg,  Maryland 
on  September  20-22,  1993. 

PB94-1 60066  03,737    PC  A13/MF  A03 

NISTIR-5374 

Process  for  Selecting  Standard  Reference  Algorithms  for 
Evaluating  Coordinate  Measurement  Software. 
PB94-173754  02,629    PC  A03/MF  A01 

NISTIR-5375 

Electronic  Balance  and  Some  Gravimetric  Applications. 
(The  Density  of  Solids  and  Liquids,  Pycnometry  and  Mass). 
PB94-1 63052  03,785    PC  A03/MF  A01 

NISTIR-5376 

Examination  of  Parameters  That  Can  Cause  Error  in  Mass 
Determinations. 

PB94-163037  03,784    PC  A03/MF  A01 

NISTIR-5377 

Piggyback  Balance  Experiment:  An  Illustration  of  Archime- 
des Principles  and  Newton's  Third  Law. 
PB94- 163060  03,786    PC  A03/MF  A01 

NISTIR-5378 

Determination  of  Density  of  Mass  Standards:  Requirement 
and  Method. 

PB94- 163078  03,787    PC  A03/MF  A01 

NISTIR-5379 

U.S.  Navy  Coordinate  Measuring  Machines:  A  Study  of 
Needs 

PB94-1 62831  02,807    PC  A04/MF  A01 

NISTIR-5380 

Comparison  of  Wall-Fire  Behavior  With  and  Without  a  Ceil- 
ing. 

PB94-207404  00,342    PC  A03/MF  A01 

NISTIR-5381 

Distributed  Supercomputing  Software:  Experiences  with  the 
Parallel  Virtual  Machine  -  PVM. 

PB94-163086  01,680    PC  A03/MF  A01 

NISTIR-5382 

Standards  of  Seismic  Safety  for  Existing  Federally  Owned 
or  Leased  Buildings  and  Commentary. 

PB95- 130209  00,431    PC  A06/MF  A02 

NISTIR-5384 

Combined  Buoyancy-  and  Pressure-Driven  Flow  Through  a 
Shallow,  Horizontal,  Circular  Vent. 

PB94-210077  00,344    PC  A03/MF  A01 

NISTIR-5385 

CONTAM93  User  Manual. 

PB94-164381  02,536    PC  A05/MF  A01 

NISTIR-5386 

Proceedings  of  the  Workshop  on  the  Federal  Criteria  for  In- 
formation Technology  Security.  Held  in  Ellicot  City,  Mary- 
land on  June  2-3,  1993. 

PB94-162583  01,575    PC  A04/MF  A01 
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NISTIR-5472 


NISTIR-5387 

Graphical  Analysis  of  the  CCRL  Portland  Cement  Pro- 
ficiency  Sample   Database   (Samples    1-72).    (Part  1. 
Univariant  Analysis  of  Portland  Cement). 
PB94-196557  01,308    PC  A06/MF  A02 

NISTIR-5388 

Preparation  and  Monitoring  of  Lead  Acetate  Containing 
Drinking  Water  Solutions  for  Toxicity  Studies. 
PB94-193885  00,538    PC  A03/MF  A01 

NISTIR-5389 

Analysis  of  Failed  Dry  Pipe  Fire  Suppression  System  Cou- 
plings from  the  Filene  Center  at  Wolf  Trap  Farm  Park  for 
the  Performing  Arts. 

PB94-164407  00,331    PC  A03/MF  A01 

NISTIR-5390 

Sulfate  Attack  of  Cementitious  Materials:  Volumetric  Rela- 
tions and  Expansions. 

PB94-187317  03,232    PC  A03/MF  A01 

NISTIR-5391 

State-of-the-Art  Survey  of  Methodologies  for  Representing 
Manufacturing  Process  Capabilities. 

PB94-187655  02,812    PC  A03/MF  A01 

NISTIR-5392 

Calculating  Flame  Spread  on  Horizontal  and  Vertical  Sur- 

PB94-187283  00,335    PC  A04/MF  A01 

NISTIR-5394 

Design  and  Development  of  an  Information  Retrieval  Sys- 
tem for  the  EAMATE  Data.  Volume  2  of  2.  Appendices. 
PB94-168390  00,487    PC  A19/MF  A04 

NISTIR-5395 

Preliminary  Functional  Specifications  of  a  Prototype  Elec- 
tronic Research  Notebook  for  NIST. 

PB94-207750  00,012    PC  A04/MF  A01 

NISTIR-5396 

Northridge  Earthquake,  1994.  Performance  of  Structures, 
Lifelines  and  Fire  Protection  Systems. 

PB94-161114  00,421    PC  A09/MF  A02 

NISTIR-5397 

BFRL  Fire  Publications,  1993. 

PB94-164191  00.192    PC  A03/MF  A01 

NISTIR-5398 

User's  Guide  for  the  PHIGS  Validation  Tests  (Version  2.1). 
PB94-165206  07,682    PC  A08/MF  A02 

NISTIR-5399 

Measurement  and  Determination  of  Radon  Source  Poten- 
tial: A  Literature  Review. 

PB94- 165602  02,576    PC  A09/MF  A03 

NISTIR-5402 

Realizing  Suspended  Structures  on  Chips  Fabricated  by 
CMOS  Foundry  Processes  Through  the  MOSIS  Service. 
PB94-193984  01,881    PC  A04/MF  A01 

NISTIR-5403 

Quantitative  X-Ray  Powder  Diffraction  Methods  for  Clinker 
and  Cement. 

PB95-143079  01.317    PC  A03/MF  A01 

NISTIR-5405 

Effects  of  Testing  Variables  on  the  Measured  Compressive 
Strength  of  High-Strength  (90  MPa)  Concrete. 
PB95-179040  00.445    PC  A07/MF  A02 

NISTIR-5408 

Characterization  of  the  Hydrogen  Induced  Cold  Cracking 
Susceptibility  at  Simulated  Weld  Zones  in  HSLA-100  Steel. 
AD-A279  759/5  03.200    PC  A04/MF  A01 

Characterization  of  the  Hydrogen  Induced  Cold  Cracking 
Susceptibility  at  Simulated  Weld  Zones  in  HSLA-100  Steel. 
PB94-174505  03,746    PC  A04/MF  A01 

NISTIR-5409 

Electronics  and  Electrical  Engineering  Laboratory:  1994 
Strategic  Plan.  Supporting  Technology  for  U.S.  Competitive- 
ness in  Electronics. 

PB94-161320  01,874    PC  A04/MF  A01 

NISTIR-5411 

Body  Dimensions  for  Apparel. 
PB94- 187739 
NISTIR-5412 

Overview  of  NASREM:  The  NASA/NBS  Standard  Reference 
Model  for  Telerobot  Control  System  Architecture. 
PB94-194560  04,831    PC  A03/MF  A01 

NISTIR-5413 

Federal  Metric  Progress  in  1993. 

PB94- 196029  02.600    PC  A03/MF  A01 

NISTIR-5415 

User  Profile  for  Researchers  Studying  Objects:  Implications 
for  Computer  Systems. 

PB94-188463  00,133    PC  A03/MF  A01 

NISTIR-5416 

NIST  RS274/NGC  Interpreter  Version  1. 

PB94-187788  02,814    PC  A03/MF  A01 

NISTIR-5417 

Simple  Scalability  Test  for  MIMD  Code. 

PB94-193638  07,683    PC  A03/MF  A01 

NISTIR-5418 

Workshop  on  Characterizing  Diamond  Films  (3rd).  Held  in 
Gaithersburg,  Maryland  on  February  23-24,  1994. 
PB94-187663  04,456    PC  A04/MF  A01 

NISTIR-5419 

Seismic  Safety  of  Federal  Buildings.  Initial  Program:  How 
Much  Will  It  Cost. 

PB95-182291  00,447    PC  A03/MF  A01 


02,813    PC  A03/MF  A01 


NISTIR-5420 

NIST  Response  to  the  Fifth  CORM  Report  on  the  Pressing 
Problems  and  Projected  Needs  in  Optical  Radiation  Meas- 
urements. 

PB94-188240  04,227    PC  A03/MF  A01 

NISTIR-5421 

Strengthening  Methodology  for  Lightly  Reinforced  Concrete 
Frames-ll.  Recommended  Calculation  Techniques  for  the 
Design  of  Infill  Walls 

PB94-187648  00,426    PC  A03/MF  A01 

NISTIR-5422 

Application  of  the  Electronic  Balance  in  High  Precision 
Pycnometry. 

PB94-187564  00,534    PC  A03/MF  A01 

NISTIR-5423 

Use  of  the  Electronic  Balance  for  Highly  Accurate  Direct 
Mass  Measurements  Without  the  Use  of  External  Mass 
Standards. 

PB94-187713  03,803    PC  A03/MF  A01 

NISTIR-5424 

Study  of  Federal  Agency  Needs  for  Information  Technology 
Security. 

PB94-193653  01,579    PC  A07/MF  A02 

NISTIR-5425 

Metric  for  Success. 

PB94-187630  02,633    PC  A03/MF  A01 

NISTIR-5427 

Visualization  Applications  for  Manufacturing:  A  State-of-the- 
Art  Survey.  Final  Report. 

PB94-194552  02,816    PC  A03/MF  A01 

NISTIR-5428 

Program  Handbook:  Requirements  for  Obtaining  NIST  Ap- 
proval/Recognition of  a  Laboratory  Accreditation  Body 
Under  P.L.  101-592.  The  Fastener  Quality  Act. 
PB94-210143  02,859    PC  A03/MF  A01 

NISTIR-5429 

Optical  Metrology  and  More.  Programs  and  Services  of  the 
Radiometric  Physics  Division,  Physics  Laboratory. 
PB94-191707  04,228    PC  A03/MF  A01 

NISTIR-5430 

NIST  Calibration  of  ASTM  E127-Type  Ultrasonic  Reference 
Blocks. 

PB94-191640  02,702    PC  A03/MF  A01 

NISTIR-5431 

Proficiency  Tests  for  the  NIST  Airborne  Asbestos  Program, 
1990. 

PB94-188836  00,535    PC  A07/MF  A02 

NISTIR-5432 

Proficiency  Tests  for  the  NIST  Airborne  Asbestos  Program  - 
1991. 

PB94-193828  00,537    PC  A04/MF  A01 

NISTIR-5433 

Proficiency  Tests  for  the  NIST  Airborne  Asbestos  Program  - 
1992. 

PB94-194362  00.539    PC  A03/MF  A01 

NISTIR-5434 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs,  January 
to  March  1994  with  1994/1995  EEEL  Events  Calendar. 
PB94-193810  02.308    PC  A03/MF  A01 

NISTIR-5435 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Publication  Announcements  Covering  Laboratory  Programs, 
October  to  December  1993  with  1994/1995  EEEL  Events 
Calendar. 

PB94-193752  02.307    PC  A03/MF  A01 

NISTIR-5436 

Performance  of  1/3-Scale  Model  Precast  Concrete  Beam- 
Column  Connections  Subjected  to  Cyclic  Inelastic  Loads. 
Report  No.  4. 

PB95-179024  00.444    PC  A04/MF  A01 

NISTIR-5437 

Bibliography  of  Photon  Total  Cross  Section  (Attenuation  Co- 
efficient) Measurements  10  eV  to  13.5  GeV,  1907-1993. 
PB94- 193760  03,804    PC  A06/MF  A02 

NISTIR-5438 

Industry/Government  Open  Systems  Specification  Testing 
Framework.  Version  1.0. 

PB94-219110  01,809    PC  A06/MF  A02 

NISTIR-5439 

Performance  Parameters  of  Fire  Detection  Systems. 

PB94-194339  00.288    PC  A03/MF  A01 

NISTIR-5440 

CONTAM88  Building  Input  Files  for  Multi-Zone  Airflow  and 
Contaminant  Dispersal  Modeling. 

PB94-194388  02.537    PC  A04/MF  A01 

NISTIR-5441 

Risk  Analysis  for  the  Fire  Safety  of  Airline  Passengers. 
PB94-194065  04.862    PC  A03/MF  A01 

NISTIR-5442 
Visual-Motion  Fixation  Invariant. 

PB94-206281  01,836    PC  A03/MF  A01 

NISTIR-5443 

Program  of  the  Subcommittee  on  Construction  and  Building. 
PB94-193646  00,319    PC  A03/MF  A01 

NISTIR-5443-A 
Program  of  the  Subcommittee  on  Construction  and  Building 
(July  1994). 

PB95-122537  00,321    PC  A03/MF  A01 


NISTIR-5444 

Recommendations  on  Selection  of  Vehicle-to-Roadside 
Communications  Standards  for  Commercial  Vehicle  Oper- 
ations. 

PB94-195914  04,859    PC  A05/MF  A01 

NISTIR-5445 

Feasibility  of  Fire  Evacuation  by  Elevators  at  FAA  Control 
Towers. 

PB94-213857  04,844    PC  A06/MF  A02 

NISTIR-5446 

Integration  of  Servo  Control  into  a  Large-Scale  Control  Sys- 
tem Design:  An  Example  from  Coal  Mining. 
PB94-203429  03.696    PC  A02/MF  A01 

NISTIR-5447 
Certainty  Grid  to  Object  Boundary  Algorithm. 
PB94-203510  07,835    PC  A03/MF  A01 

NISTIR-5448 

Continuous  Mining  Machine  Control  Using  the  Real-Time 
Control  System. 

PB94-203528  03,700    PC  A02/MF  A01 

NISTIR-5449 

Environment  Simulation  for  a  Continuous  Mining  Machine. 
PB94-203536  03,697    PC  A03/MF  A01 

NISTIR-5452 

Second  Census  Optical  Character  Recognition  Systems 
Conference. 

PB94-188711  07,832    PC  A12/MF  A03 

NISTIR-5453 

World  Wide  Web  and  Mosaic:  User's  Guide. 
PB94-207354  02,722    PC  A03/MF  A01 

NISTIR-5454 

Single-Phase  Heat  Transfer  and  Pressure  Drop  Character- 
istics of  an  Integral-Spine-Fin  Within  an  Annulus. 
PB94-194073  03,805    PC  A03/MF  A01 

NISTIR-5455 

New  Expressions  of  Uncertainties  for  Humidity  Calibrations 
at  the  National  Institute  of  Standards  and  Technology. 
PB95-103826  02,645    PC  A02/MF  A01 

NISTIR-5456 

NIST  Workshop  on  Nanostructured  Material  (1st):  Report  of 
an  Industrial  Workshop  Conducted  by  the  National  Institute 
of  Standards  and  Technology.  Held  in  Gaithersburg,  Mary- 
land on  May  14-15,  1992. 

PB94-218567  02,973    PC  A04/MF  A01 

NISTIR-5457 

Report  on  the  Workshop  on  Advanced  Digital  Video  in  the 
National  Information  Infrastructure.  Held  in  Washington, 
D.C.  on  May  10-11,  1994. 

PB95-103677  07,472    PC  A09/MF  A03 

NISTIR-5459 

Quality  Characteristics  and  Metrics  for  Reusable  Software 
(Preliminary  Report). 

PB94-203437  01,693    PC  A03/MF  A01 

NISTIR-5460 

Adaptive,  Predictive  2-D  Feature  Tracking  Algorithm  for 
Finding  the  Focus  of  Expansion. 

PB94-218575  01,588    PC  A03/MF  A01 

NISTIR-5461 

Abrasive  Wear  by  Diesel  Engine  Coal-Fuel  and  Related 
Pel  rt  icl@s 

PB95-104915  07,450    PC  A04/MF  A01 

NISTIR-5462 

Alaska  Marine  Mammal  Tissue  Archival  Project:  Specimen 
Inventory. 

PB95-171344  02,589    PC  A05/MF  A01 

NISTIR-5463 

Metric  Path  to  Global  Markets  and  New  Jobs:  A  Question- 
and-Answer  and  Thematic  Discussion. 

PB94-206307  02.601    PC  A02/MF  A01 

NISTIR-5464 

Design  Engineering  Research  at  NIST. 

PB95-267860  02.784    PC  A03/MF  A01 

NISTIR-5465 

Face  Recognition  Technology  for  Law  Enforcement  Applica- 
tions. 

PB94-207768  01.837    PC  A05/MF  A01 

NISTIR-5468 

Report  of  the  NIST  Workshop  on  Key  Escrow  Encryption. 
Held  in  Gaithersburg,  Maryland  on  June  8-10,  1994. 
PB94-209459  01.584    PC  A08/MF  A02 

NISTIR-5469 
NIST  Form-Based  Handprint  Recognition  System. 
PB94-217106  01.838    PC  A04/MF  A01 

NISTIR-5470 

VENTCF2:  An  Algorithm  and  Associated  FORTRAN  77 
Subroutine  for  Calculating  Flow  through  a  Horizontal  Ceil- 
ing/Floor Vent  in  a  Zone-Type  Compartment  Fire  Model. 
PB94-210127  00,345    PC  A04/MF  A01 

NISTIR-5471 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Publication  Announcements  Covering  Laboratory  Programs, 
January  to  March  1994  with  1994/1995  EEEL  Events  Cal- 


endar. 
PB94-213774 

NISTIR-5472 


01.883    PC  A03/MF  A01 


Head  Start  on  Assurance:  Proceedings  of  an  Invitational 
Workshop  on  Information  Technology  (IT)  Assurance  and 
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Trustworthiness.  Held  in  Williamsburg,  Virginia  on  March 
21-23,  1994. 

PB94-215746  01.586    PC  A05/MF  A01 

NISTIR-5473 

Survey  on  the  Implementation  of  ISO/IEC  Guide  25  by  Na- 
tional Laboratory  Accreditation  Programs. 
PB94-210150  00,479    PC  A04/MF  A01 

NISTIR-5474 

Publications  of  the  Intelligent  Systems  Division  (Previously 
Robot  Systems  Division)  Covering  the  Period  January 
1971 -April  1994. 

PB94-217098  02,935    PC  A05/MF  A01 

NISTIR-5476 

Technical  Program  Description  Systems  Integration  for 
Manufacturing  (SIMA). 

PB94-213758  02,879    PC  A05/MF  A01 

NISTIR-5477 

Updated  Calculations  for  Routine  Space-Shielding  Radiation 
Dose  Estimates:  SHIELDOSE-2. 

PB95-171039  04,838    PC  A04/MF  A01 

NISTIR-5478 

Framework  for  National  Information  Infrastructure  Services. 
PB95-103719  02,723    PC  A07/MF  A02 

NISTIR-5480 

Survey  of  Recent  Cementitious  Materials  Research  in  West- 
ern Europe. 

PB94-218583  00.353    PC  A03/MF  A01 

NISTIR-5481 

NIST  Research  Program  on  the  Seismic  Resistance  of  Par- 
tially-Grouted Masonry  Shear  Walls. 

PB94-219052  00,354    PC  A06/MF  A02 

NISTIR-5483 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs,  April  to 
June  1994  with  1994/1995  EEEL  Events  Calendar. 
PB95-143186  02.329    PC  A03/MF  A01 

NISTIR-5484 

Formulation  of  Position  on  U.S.  Standards  Role  in  Enter- 
prise Integration. 

PB95-105052  02,773    PC  A03/MF  A01 

NISTIR-5485 

Videoconferencing  Procurement  and  Usage  Guide. 

PB94-217023  01.470    PC  A04/MF  A01 

NISTIR-5487 

Making  Sense  of  Software  Engineering  Environment  Frame- 
work Standards. 

PB95-105037  07,707    PC  A03/MF  A01 

NISTIR-5488 

Performance  of  HUD-Affiliated  Properties  during  the  Janu- 
ary 17,  1994  Northridge  Earthquake. 

PB95-174488  00,443    PC  A04/MF  A01 

NISTIR-5489 

Faster  BKL  Monte  Carlo  Simulations. 

PB95-136370  01.706    PC  A03/MF  A01 

NISTIR-5490 

Software  Needs  in  Special  Functions. 

PB95-105045  07,702    PC  A03/MF  A01 

NISTIR-5491 

Japan  Technology  Program  Assessment:  Precision  Engi- 
neering/Precision Optics  in  Japan. 

PB95-171112  02,884    PC  A03/MF  A01 

NISTIR-5492 

Diagnosis  of  Causes  of  Concrete  Deterioration  in  the  MLP- 
7A  Parking  Garage. 

PB95-143095  07,378    PC  A03/MF  A01 

NISTIR-5493 

Comparison  of  FFT  Fingerprint  Filtering  Methods  for  Neural 
Network  Classification. 

PB95-136362  07,840    PC  A03/MF  A01 

NISTIR-5494 

Domain  Analysis  of  the  Alarm  Surveillance  Domain.  Version 
1.0.  Conducted  as  Part  of  the  Domain  Analysis  Case  Study 
Project. 

PB95-136339  01,705    PC  A10/MF  A03 

NISTIR-5495 

Computer  Security  Training  and  Awareness  Course  Com- 
pendium. 

PB95-130985  01,589    PC  A09/MF  A02 

NISTIR-5498 

Challenges  to  the  National  Information  Infrastructure:  The 
Barriers  to  Product  Data  Sharing.  National  PDES  Testbed 
Report  Series. 

PB95-136347  02.776    PC  A03/MF  A01 

NISTIR-5499 

Annual  Conference  on  Fire  Research:  Book  of  Abstracts, 
October  17-20,  1994. 

PB95-104964  01,376    PC  A09/MF  A02 

NISTIR-5500 

Report  on  the  Advanced  Software  Technology  Workshop. 
Held  on  February  1,  1994. 

PB95-136610  01,707    PC  A03/MF  A01 

NISTIR-5501 

Sensitivity  of  Three-Point  Circle  Fitting. 
PB95-136354  02,901    PC  A03/MF  A01 

NISTIR-5502 

Reference  Model  Architecture  for  Intelligent  Systems  De- 
sign. 

PB95-143137  0  7,789    PC  A03/MF  A01 


07,847    PC  A03/MF  A01 


NISTIR-5503 

Channel  Coding  for  Code  Excited  Linear  Prediction  (CELP) 
Encoded  Speech  in  Mobile  Radio  Applications. 
PB95-143178  07,475    PC  A03/MF  A01 

NISTIR-5504 

Summaries  of  BFRL  Fire  Research  In-House  Projects  and 
Grants,  1994. 

PB95-130845  00,366    PC  A10/MF  A03 

NISTIR-5505 

xi-Vector  Formulation  of  Anisotropic  Phase-Field  Models:  3- 
D  Asymptotics. 

PB95-136628  04,536    PC  A03/MF  A01 

NISTIR-5507 

Portsmouth  Fastener  Manufacturing  Workstation.  User's 
Manual. 

PB95-147922  02,860    PC  A06/MF  A02 

NISTIR-5509 

Investigation  into  the  Flammability  Properties  of  Honeycomb 
Composites. 

PB95-143293  03,152    PC  A03/MF  A01 

NISTIR-5511 

STEP  On-Line  Information  Service  (SOLIS).  The  IGES/ 
PDES  Organization. 

PB95-137790  02,777    PC  A02/MF  A01 

NISTIR-5512 

New  Method  to  Calculate  Looming  for  Autonomous  Obsta- 
cle Avoidance. 

PB95-171435  01,600    PC  A03/MF  A01 

NISTIR-5513 

Visual  Pursuit  Systems. 

PB95- 143285 
NISTIR-5514 

Protection  of  Data  Processing  Equipment  with  Fine  Water 
Sprays. 

PB95-174975  02.610    PC  A04/MF  A01 

NISTIR-5515 
SGML  Environment  for  STEP. 

PB95-143103  02,778    PC  A03/MF  A01 

NISTIR-5516 

Method  of  Predicting  Smoke  Movement  in  Atria  with  Appli- 
cation to  Smoke  Management. 

PB95-1 54746  00.376    PC  A05/MF  A01 

NISTIR-5517 

Reference  Architecture  for  Machine  Control  Systems  Inte- 
gration: Interim  Report. 

PB95-144549  02,820    PC  A06/MF  A02 

NISTIR-5519 

Visual  Measurement  Technique  for  Analysis  of  Nucleate 
Flow  Boiling. 

PB95-143301  03,262    PC  A05/MF  A02 

NISTIR-5520 

Metrology  and  Data  for  Microelectronic  Packaging  and 
Interconnection:  Results  of  a  Joint  Workshop  on  Materials 
Metrology  and  Data  for  Commercial  Electrical  and  Optical 
Packaging  and  Interconnection  Technologies.  Held  in 
Gaithersburg,  Maryland  on  May  5-6,  1994.  Volume  1.  Re- 
sults. 

PB95-143111  02,328    PC  A05/MF  A01 

NISTIR-5520-V2 

Metrology  and  Data  for  Microelectronic  Packaging  and 
Interconnection:  Results  of  a  Joint  Workshop  on  Materials 
Metrology  and  Data  for  Commercial  Electrical  and  Optical 
Packaging  and  Interconnection  Technologies.  Held  in 
Gaithersburg,  Maryland  on  May  5-6,  1994.  Volume  2.  Pres- 
entation Material. 

PB95-1 43327  02,330    PC  A08/MF  A02 

NISTIR-5521 

Program  Requirements  to  Advance  the  Technology  of  Cus- 
tom Footwear  Manufacturing. 

PB95-147906  02,883    PC  A04/MF  A01 

NISTIR-5522 

Information  Technology  Engineering  and  Measurement 
Model:  Adding  Lane  Markings  to  the  Information  Super- 
highway. 

PB95-143145  01,474    PC  A03/MF  A01 

NISTIR-5523 

Phase-Field  Model  for  Solidification  of  a  Eutectic  Alloy. 
PB95-147914  03,345    PC  A04/MF  A01 

NISTIR-5524 

Review  and  Upgrading  of  Military  Fastener  Test  Standard 
MIL-STD-1312. 

PB95-154720  02,947    PC  A07/MF  A02 

NISTIR-5526 

Simulating  Smoke  Movement  through  Long  Vertical  Shafts 
in  Zone-Type  Compartment  Fire  Models. 
PB95-143152  00,368    PC  A03/MF  A01 

NISTIR-5529 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs,  July  to 
September  1994  with  1994/1995  EEEL  Events  Calendar. 
PB95- 170395  02.360    PC  A03/MF  A01 

NISTIR-5530 

Mapping  Integration  Definition  for  Information  Modeling 
(IDEF1X)  Model  into  CASE  Data  Interchange  Format 
(CDIF)  Transfer  File. 

PB95-154670  07,777    PC  A06/MF  A02 

NISTIR-5531 

Extreme  Wind  Estimates  by  the  Conditional  Mean 
Exceedance  Procedure. 

PB95-220471  00, 120    PC  A03/MF  A01 


01.477    PC  A03/MF  A01 


NISTIR-5532 

ISDN  LAN  Bridging. 
PB95- 154696 
NISTIR-5533 

Design  Challenges  in  a  Commercial  Quantum  Hall  Effect- 
Based  Resistance  Standard. 

PB95-171419  02,263    PC  A03/MF  A01 

NISTIR-5535 

Initial  NIST  Testing  Policy  for  STEP:  Beta  Testing  Program 
for  AP  203  Implementations.  National  PDES  Testbed  Re- 
port Series. 

PB95-1 54688  02.779    PC  A03/MF  A01 

NISTIR-5536 

Rationale  and  Preliminary  Plan  for  Federal  Research  for 
Construction  and  Building. 

PB95-154704  00,322    PC  A07/MF  A02 

NISTIR-5538 

SGML  Parser  Validation  Procedures. 

PB95-174959  07,777    PC  A03/MF  A01 

NISTIR-5539 

General  Motion  Model  and  Spatio-Temporal  Filters  for  Com- 
puting Optical  Flow. 

PB95-171096  07,847    PC  A03/MF  A01 

NISTIR-5540 

Multi-Agency  Certification  and  Accreditation  (C  and  A)  Proc- 
ess: A  Worked  Example. 

PB95-171955  07,607    PC  A05/MF  A01 

NISTIR-5541 

Initial  Graphics  Exchange  Specification  (IGES):  Procedures 
for  the  NIST  IGES  Validation  Test  Service. 
PB95-171427  02,780    PC  A03/MF  A01 

NISTIR-5542 

Binary  Decision  Clustering  for  Neural  Network  Based  Opti- 
cal Character  Recognition. 

PB95-171971  01,848    PC  A03/MF  A01 

NISTIR-5543 

Workshop  on  the  Application  of  Virtual  Reality  to  Manufac- 
turing. Final  Report.  Held  in  Gaithersburg,  Maryland  on  Au- 
gust 9,  1994. 

PB95-173555  02,825  PCA11/MFA03 

NISTIR-5545 

Neighbor  Tables  for  Molecular  Dynamics  Simulations. 

PB95-171948  00,991    PC  A03/MF  A01 

NISTIR-5546 

Perspective  on  Software  Engineering  Standards. 

PB95-171377  07,877    PC  A03/MF  A01 

NISTIR-5547 

Algorithm  to  Describe  the  Spread  of  a  Wall  Fire  under  a 
Ceiling. 

PB95-182259  00,261    PC  A04/MF  A01 

NISTIR-5550 

Workshop  Summary  Report:  Industrial  Applications  of 
Scanned  Probe  Microscopy.  A  Workshop  Co-sponsored  by 
NIST,  SEMATECH,  ASTM,  E42.14,  and  the  American  Vac- 
uum Society.  Held  in  Gaithersburg,  Maryland  on  March  24- 
25  1 994 

PB95-170387  00,506    PC  A07/MF  A02 

NISTIR-5551 

Electronics  and  Electrical  Engineering  Laboratory  1994 
Technical  Accomplishments  Supporting  Technology  for  U.S. 
Competitiveness  in  Electronics. 

PB95-144309  01,887    PC  A06/MF  A02 

NISTIR-5553 

Field  Evaluation  of  the  System  for  Calibration  of  the  Mar- 
shall Compaction  Hammer. 

PB95-190674  01,323    PC  A05/MF  A01 

NISTIR-5555 

Review  of  Measurements  and  Candidate  Signatures  for 
Early  Fire  Detection. 

PB95-189452  00,300    PC  A03/MF  A01 

NISTIR-5556 

From  Superconductivity  to  Supernovae:  The  Ginzburg  Sym- 
posium. Report  on  the  Symposium  Held  in  Honor  of  Vitaly 
L.  Ginzburg.  Held  in  Gaithersburg,  Maryland  on  May  22, 
1992. 

PB95-171963  04,649    PC  A05/MF  A01 

NISTIR-5557 

Lubrication  Theory  for  Reactive  Spreading  of  a  Thin  Drop. 
PB95-189460  02,865    PC  A03/MF  A01 

NISTIR-5558 

Manufactured  Housing  Walls  That  Provide  Satisfactory 
Moisture  Performance  in  All  Climates. 

PB95-178885  00.383    PC  A03/MF  A01 

NISTIR-5559 

Indoor  Air  Quality  Impacts  of  Residential  HVAC  Systems. 
Phase  2. A  Report:  Baseline  and  Preliminary  Simulations. 
PB95-1 78893  02,554    PC  A05/MF  A01 

NISTIR-5560 

Fire  Performance  of  an  Interstitial  Space  Construction  Sys- 
tem. 

PB95-188918  00.390    PC  A04/MF  A01 

NISTIR-5561 

Asynchronous  Transfer  Mode  Procurement  and  Usage 
Guide. 

PB95-174967  07,487    PC  A03/MF  A01 

NISTIR-5563 

Electronics  and  Electrical  Engineering  Laboratory  1995  Pro- 
gram Plan.  Supporting  Technology  for  U.S.  Competitive- 
ness in  Electronics. 

PB95-159885  01,894    PC  A09/MF  A03 
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NISTIR-5659 


N1STIR-5564 

Technical  Impact  of  the  NIST  Calibration  Service  for  Elec- 
trical Power  and  Energy. 

PB96-147913  02.462    PC  A05/MF  A01 

NISTIR-5565 

Evaluation  of  the  Economic  Impacts  Associated  with  the 

NIST  Power  and  Energy  Calibration  Services. 

PB95-188850  02,467    PC  A03/MF  A01 

NISTIR-5566 

10  kV  DC  Resistive  Divider  Calibration. 

PB95-198685  02,063    PC  A04/MF  A01 

NISTIR-5568 

Carbon  Monoxide  Production  in  Compartment  Fires:  Re- 
duced-Scale Enclosure  Test  Facility. 

PB95-231700  01,394    PC  A10/MF  A03 

NISTIR-5569 

MasPar  MP-1  as  a  Computer  Arithmetic  Laboratory. 
PB95-189437  01,627    PC  A03/MF  A01 

NISTIR-5570 

Assessment  of  the  DOD  Goal  Security  Architecture  (DGSA) 
for  Non-Military  Use. 

PB95- 1 895 1 0  03,653    PC  A03/M F  A0 1 

NISTIR-5571 

Operating  Principles  of  MultiKron  II  Performance  Instrumen- 
tation for  MIMD  Computers. 

PB95-189486  01.628    PC  A03/MF  A01 

NISTIR-5572 

Apparel  Manufacturing  Glossary  for  Application  Protocol 
Development. 

PB95-198750  02.755    PC  A04/MF  A01 

NISTIR-5573 

Agile  Manufacturing  from  a  Statistical  Perspective. 

PB96-109525  02.886    PC  A03/MF  A01 

NISTIR-5574 

Performance  of  Federal  Buildings  in  the  January  17.  1994 
Northridge  Earthquake. 

PB95-231775  00,453    PC  A03/MF  A01 

NISTIR-5575 

Measurements  of  Indoor  Pollutant  Emissions  from  EPA 
Phase  II  Wood  Stoves. 

PB95- 198735  02,556    PC  A04/MF  A01 

NISTIR-5576 

Computer  Systems  Laboratory  Annual  Report  1994. 
PB95-209920  01,629    PC  A07/MF  A02 

NISTIR-5577 

Materials  Science  and  Engineering  Laboratory  Annual  Re- 
port, 1994.  NAS-NRC  Assessment  Panel,  April  6-7,  1995. 
PB95- 196697  02,976    PC  A06/MF  A02 

NISTIR-5578 

Intelligent  Processing  of  Materials,  Technical  Activities  1994 
(NAS-NRC  Assessment  Panel,  April  6-7,  1995). 
PB96- 1 1 5050  03, 359    PC  A04/M  F  A0 1 

NISTIR-5581 

Polymers  Technical  Activities  1994.  NAC-NRC  Assessment 
Panel,  April  6-7,  1995. 

PB95-209896  07,275    PC  A07/MF  A02 

NISTIR-5582 

Metallurgy  Technical  Activities  1994  (NAS-NRC  Assess- 
ment Panel,  April  6-7,  1995). 

PB96-136981  02.981    PC  A08/MF  A02 

NISTIR-5583 

Reactor  Radiation  Technical  Activities,  1994.  NAS-NRC  As- 
sessment Panel,  April  6-7,  1995. 

PB95-209888  03.732    PC  A08/MF  A02 

NISTIR-5584 

CSTL  Technical  Activities,  1994. 

PB95-242319  00.608    PC  A16/MF  A03 

NISTIR-5586 

Indoor  Air  Quality  Commissioning  of  a  New  Office  Building. 

PB95-182309  00.262    PC  A04/MF  A01 

NISTIR-5587 

Motion-Model-Based  Boundary  Extraction. 

PB95-189502  01.849    PC  A03/MF  A01 

NISTIR-5589 

Study  on  Hazard  Analysis  in  High  Integrity  Software  Stand- 
ards and  Guidelines. 

PB95-198727  01,725    PC  A04/MF  A01 

NISTIR-5590 

Proceedings  Report  of  the  International  Invitation  Workshop 
on  Development  Assurance.  Held  in  Ellicott  City,  Maryland 
on  June  16-17,  1994 

PB95-189494  02,912    PC  A03/MF  A01 

NISTIR-5592 

Survey  of  Concrete  Transport  Properties  and  Their  Meas- 
urement. 

PB95-220489  00,396    PC  A04/MF  A01 

NISTIR-5593 

Vehicle-to-Roadside  Communications  for  Commercial  Vehi- 
cle Operations:  Requirements  and  Approaches. 
PB95-188827  04,860    PC  A05/MF  A01 

NISTIR-5594 

NIST  Reactor:  Summary  of  Activities,  October  1993  through 
September  1994. 

PB95-220430  04,700    PC  A09/MF  A02 

NISTIR-5595 

Application  Software  Interface:  ISDN  Services  for  an  Open 
Systems  Environment. 

PB96-131487  01.492    PC  A03/MF  A01 


into    Triangulations  and 
03,415    PC  A03/MF  A01 


NISTIR-5596 

Inserting     Line  Segments 
Tetrahedralizations. 
PB95- 198933 
NISTIR-5597 

Proceedings:  Workshop  on  Research  Needs  in  Wind  Engi- 
neering. Held  in  Gaithersburg,  Maryland  on  September  12- 
13,  1994. 

PB95-189528  00.448    PC  A05/MF  A01 

NISTIR-5598 

Compositional  Analysis  of  Beneficiated  Fly  Ashes. 

PB95-220497  00,397    PC  A03/MF  A01 

NISTIR-5599 

Program   of  the  Manufacturing   Engineering  Laboratory, 
1995.    Infrastructural    Technology,    Measurements,  and 
Standards  for  the  U.S.  Manufacturing  Industries. 
PB95-188835  02,754  PCA11/MFA02 

NISTIR-5600 

Object-Oriented  Technology  Research  Areas. 
PB95-199329  01,726    PC  A03/MF  A01 

NISTIR-5601 

Expert  Control  System  Shell  Version  1.0  User's  Guide. 
PB95-198859  01,790    PC  A03/MF  A01 

NISTIR-5602 

Interim  Testing  Artifact  (ITA):  A  Performance  Evaluation 
System  for  Coordinate  Measuring  Machines  (CMMs).  User 
Manual. 

PB95-210589  02.974    PC  A04/MF  A01 

NISTIR-5604 

Least-Cost  Energy  Decisions  for  Buildings.  Part  3.  Choos- 
ing Economic  Evaluation  Methods.  Video  Training  Work- 
book. 

PB95-253597  00.265    PC  A04/MF  A01 

NISTIR-5605 

Real-Time  Obstacle  Avoidance  Using  Central  Flow  Diver- 
gence and  Peripheral  Flow. 

PB95-198677  02,937    PC  A03/MF  A01 

NISTIR-5606 

Theoretical  Evaluation  of  the  Vapor  Compression  Cycle  with 
a  Liquid-Line/Suction-Line  Heat  Exchanger.  Economizer, 
and  Ejector. 

PB95-216917  02,607    PC  A03/MF  A01 

NISTIR-5607 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Publication  Announcements  Covering  Laboratory  Programs, 
July  to  September  1994  with  1995  EEEL  Events  Calendar. 
PB95-198925  01,912    PC  A03/MF  A01 

NISTIR-5608 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs.  October 
to  December  1994  with  1995  EEEL  Events  Calendar. 
PB95-208724  02,372    PC  A04/MF  A01 

NISTIR-5609 

Calculating  Time-to-Contact  Using  Real-Time  Quantized 
Optical  Flow. 

PB95-210522  01,604    PC  A03/MF  A01 

NISTIR-5610 

White  Papers  Prepared  for  the  White  House:  Construction 
Industry  Workshop  on  National  Construction  Goals.  Held  on 
December  14-16.  1994. 

PB95-216891  01,299    PC  A08/MF  A02 

NISTIR-5611 

Computer  Simulations  of  Airflow  and  Radon  Transport  in 
Four  Large  Buildings. 

PB95-220422  02,557    PC  A03/MF  A01 

NISTIR-5612 

4SIGHT  Manual:  A  Computer  Program  for  Modelling  Deg- 
radation of  Underground  Low  Level  Waste  Concrete  Vaults. 
PB95-231593  03,726    PC  A05/MF  A01 

NISTIR-5613 

Automated  Manufacturing  Research  Facility  1994  Annual 
Report. 

PB95-209854  00,015    PC  A05/MF  A01 

NISTIR-5614 

Japan  Technology  Program  Assessment.  Simulation:  State- 
of  the-Art  in  Japan. 

PB95-217097  02,827    PC  A03/MF  A01 

NiSTIR-5615 

Design,  Specification  and  Tolerancing  of  Micrometer-Toler- 
ance Assemblies. 

PB95-209862  02,913    PC  A03/MF  A01 

NISTIR-5618 
Expression  Formatter  for  MACSYMA. 

PB95-267829  01.735    PC  A03/MF  A01 

NISTIR-5620 

Concentrations  of  Chlorinated  Hydrocarbons,  Heavy  Metals 
and  Other  Elements  in  Tissues  Banked  by  the  Alaska  Ma- 
rine Mammal  Tissue  Archival  Project. 

PB95-209870  02,590    PC  A06/MF  A02 

NISTIR-5622 

DETAN  95:  Computer  Code  for  Calculating  Spectrum-Aver- 
aged Cross  Sections  and  Detector  Responses  in  Neutron 
Spectra. 

PB95-242384  04,074    PC  A04/MF  A01 

NISTIR-5623 


Electronic  Implementors'  Workshop. 


PB95-210936 
NISTIR-5625 


01.484    PC  A03/MF  A01 


Survey  of  Sfeel  Moment-Resisting  Frame  Buildings  Affected 
by  the  1994  Northridge  Earthquake. 

PB95-211918  00.451    PC  A09/MF  A02 


NISTIR-5626 

Performance  Testing  of  a  Family  of  Type  I  Combination  Ap- 
pliance. 

PB95-220521  02.505    PC  A03/MF  A01 

NISTIR-5628 

Precision  in  Machining:  Research  Challenges. 

PB95-242301  02,953    PC  A04/MF  A01 

NISTIR-5631 

Analysis  of  ANSI  ASC  X12  and  UN/EDIFACT  Electronic 
Data  Interchange  (EDI)  Standards. 

PB95-220554  01,729    PC  A03/MF  A01 

NISTIR-5632 

Tables  of  X-ray  Mass  Attenuation  Coefficients  and  Mass 
Energy-Absorption  Coefficients  1  keV  to  20  MeV  for  Ele- 
ments Z  =  1  to  92  and  48  Additional  Substances  of 
Dosimetric  Interest. 

PB95-220539  04.013    PC  A06/MF  A02 

NISTIR-5633 

Testing  of  Selected  Self-Leveling  Compounds  for  Floors. 
PB95-220455  00.395    PC  A03/MF  A01 

NISTIR-5634 

Prediction  of  Cracking  in  Reinforced  Concrete  Structures. 
PB95-220448  03.725    PC  A04/MF  A01 

NISTIR-5636 

Persistent  Object  Base  System  Testing  and  Evaluation. 
PB95-220588  01.730    PC  A05/MF  A01 

NISTIR-5637 

Texture-Independent  Vision-Based  Closed-Loop  Fuzzy  Con- 
trollers for  Navigation  Tasks. 

PB95-220505  00, 7S3    PC  A03/MF  A01 

NISTIR-5638 

ISO  Environmental  Management  Standardization  Efforts. 
PB95-220513  02,524    PC  A03/MF  A01 

NISTIR-5638-1 
ISO  Environmental  Management  Standardization  Efforts. 
PB96- 158662  02,528    PC  A03/MF  A01 

NISTIR-5639 

Certification  of  the  Standard  Reference  Material  1473a,  a 
Low  Density  Polyethylene  Resin. 

PB96-128251  01.282    PC  A03/MF  A01 

NISTIR-5641 

Anisotropy  of  Interfaces  in  an  Ordered  Alloy:  A  Multiple- 
Order-Parameter  Model. 

PB96-131594  04.741    PC  A04/MF  A01 

NISTIR-5642 

Suppression  of  High  Speed  Turbulent  Flames  in  a  Detona- 
tion/Deflagration Tube. 

PB95-231817  01,395    PC  A04/MF  A01 

NISTIR-5643 

Outline  of  a  Multiple  Dimensional  Reference  Model  Archi- 
tecture and  a  Knowledge  Engineering  Methodology  for  Intel- 
ligent Systems  Control. 

PB95-220414  03.703    PC  A03/MF  A01 

NISTIR-5645 

Evaluation  of  Thermal  Wave  Imaging  for  Detection  of  Ma- 
chining Damage  in  Ceramics. 

PB95-220547  03.062    PC  A05/MF  A02 

NISTIR-5647 

PCASYS:  A  Pattern-Level  Classification  Automation  System 
for  Fingerprints. 

PB95-267936  01.853    PC  A03/MF  A01 

NISTIR-5649 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Publication  Announcements  Covering  Laboratory  Programs. 
October  to  December  1994  with  1995  EEEL  Events  Cal- 
endar. 

PB95-231841  07,978    PC  A03/MF  A01 

NISTIR-5650 

Product  Models  and  Virtual  Prototypes  in  Mechanical  Engi- 
neering. 

PB95-253563  02.783    PC  A03/MF  A01 

NISTIR-5651 

Algorithm  Testing  and  Evaluation  Program  for  Coordinate 
Measuring  Systems:  Long  Range  Plan. 
PB95-231833  02.915    PC  A03/MF  A01 

NISTIR-5652 

Operating  Principles  of  the  SBus  MultiKron  Interface  Board. 
PB95-231783  01.630    PC  A03/MF  A01 

NISTIR-5653 

Behavior  of  Mock-Ups  in  the  California  Technical  Bulletin 

133  Test  Protocol:  Fabric  and  Barrier  Effects. 

PB95-231585  00.301    PC  A05/MF  A01 

NISTIR-5654 

Defining  Environment  Integration  Requirements. 

PB96-131545  02.733    PC  A03/MF  A01 

NISTIR-5657 

Introduction  to  the  P1003.1g  and  CPI-C  Network  Application 
Programming  Interfaces. 

PB95-231726  0  7,737    PC  A03/MF  A01 

NISTIR-5658 

Unified  Telerobotic  Architecture  Project  (UTAP)  Standard 
Interface  Environment  (SIE),  May  1995. 
PB95-242350  02.938    PC  A09/MF  A02 

NISTIR-5659 

NIST  SRM  9983  High-Rigidity  Ball-Bar  Stand.  User  Manual. 
PB95-255840  02.669    PC  A03/MF  A01 
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NISTIR-5660 

Parallel  and  Serial  Implementations  of  SLI  Arithmetic. 
PB95-2  423  3  5  0  7,732    PC  A03/MF  A01 

NISTIR-5661 

Fracture  Testing  of  Large-Scale  Thin-Sheet  Aluminum  Alloy. 
PB95-242368  00,024    PC  A03/MF  A01 

NISTIR-5662 

Requisite  Elements,  Rationale,  and  Technology  Overview 
for  the  Systems  Intergration  for  Manufacturing  Applications 
(SIMA)  Program.  Background  Study. 

PB96-1 12685  02,831    PC  A07/MF  A02 

NISTIR-5663 

Multiattribute  Decision  Analysis  Method  for  Evaluating  Build- 
ings and  Building  Systems. 

PB96-158670    '  00,325    PC  A06/MF  A01 

NISTIR-5664 

Recommended  Performance-Based  Criteria  for  the  Design 
of  Manufactured  Home  Foundation  Systems  to  Resist  Wind 
and  Seismic  Loads. 

PB96-128285  00,460    PC  A05/MF  A01 

NISTIR-5665 

ISO  TC  184/SC4  Reference  Manual. 

PB95-242293  02,663 
NISTIR-5666 

Operating  Procedures  and  Life  Cycle  Documentation  for  the 

Initial  Graphics  Exchange  Specification. 

PB95-242285  02,782    PC  A04/MF  A01 

NISTIR-5667-V1 

Study  of  Potential  Applications  of  Automation  and  Robotics 

Technology  in  Construction,  Maintenance  and  Operation  of 

Highway  Systems:  A  Final  Report.  Volume  1. 

PB95-251682  01,341    PC  A06/MF  A02 

NISTIR-5667-V2 

Study  of  Potential  Applications  of  Automation  and  Robotics 
Technology  in  Construction,  Maintenance  and  Operation  of 
Highway  Systems:  A  Final  Report.  Volume  2. 
PB95-255865  01.343    PC  A19/MF  A04 

NIST1R-5667-V3 
Study  of  Potential  Applications  of  Automation  and  Robotics 
Technology  in  Construction,  Maintenance  and  Operation  of 
Highway  Systems:  A  Final  Report.  Volume  3. 
PB95-251690  07,342    PC  A15/MF  A03 

NISTIR-5667-V4 
Study  of  Potential  Applications  of  Automation  and  Robotics 
Technology  in  Construction,  Maintenance  and  Operation  of 
Highway  Systems:  A  Final  Report.  Volume  4. 
PB95-251641  01,340    PC  A06/MF  A02 

NISTIR-5669 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Publication  Announcements  Covering  Laboratory  Programs, 
January  to  March  1995  with  1995  EEEI  Events  Calendar. 
PB95-242277  02,373    PC  A03/MF  A01 

NISTIR-5671 

Determination  of  the  Residual  Stresses  Near  the  Ends  of 
Skip  Welds  Using  Neutron  Diffraction  and  X-ray  Diffraction 
Procedures. 

PB95-253589  02,868    PC  A03/MF  A01 

NISTIR-5672 

Advanced  Mass  Calibration  and  Measurement  Assurance 
Program  for  State  Calibration  Laboratories. 
PB95-253571  02,492    PC  A03/MF  A01 

NISTIR-5673 

Information  Technologies  Make  Business  Sense  for  the 
Custom  Therapeutic  Footwear  Industry. 
PB95-251708  02,829    PC  A03/MF  A01 

NISTIR-5674 

User's  Guide  for  the  Algorithm  Testing  System  Version  2.0. 
PB95-251666  02,916    PC  A03/MF  A01 

NISTIR-5675 

Group  1  for  the  Plant  Spatial  Configuration  STEP  Applica- 
tion Protocol. 

PB96-165402  02,789  PCA11/MFA03 

NISTIR-5676 

Submarine  Automation:  Demonstration  No.  5. 

PB95-251633  03,748    PC  A03/MF  A01 

NISTIR-5677 

Center  for  High  Integrity  Software  System  Assurance:  Initial 
Goals  and  Activities. 

PB95-251674  01,734    PC  A03/MF  A01 

NISTIR-5678 

Integrated  Vision  Touch-Probe  System  for  Dimensional  In- 
spection Tasks. 

PB95-255832  02,917    PC  A03/MF  A01 

NISTIR-5680 

Proficiency  Tests  for  the  NIST  Airborne  Asbestos  Program, 
1 993. 

PB96-106463  00,610    PC  A03/MF  A01 

NISTIR-5681 

Water-Vapor  Measurements  of  Low-Slope  Roofing  Mate- 
rials. 

PB95-251617  00,399    PC  A03/MF  A01 

NISTIR-5682 

Strengthening  Methodology  for  Lightly  Reinforced  Concrete 
Frames:  Recommended  Design  Guidelines  for  Strengthen- 
ing with  Infill  Walls. 

PB95-260725  00,454    PC  A04/MF  A01 

NISTIR-5685 

SF6  Insulation:  Possible  Greenhouse  Problems  and  Solu- 
tions. 

PB95-251625  02,269    PC  A03/MF  A01 


NISTIR-5686 

Algorithm  Testing  and  Evaluation  Program  for  Coordinate 
Measuring  Systems:  Testing  Methods. 

PB95-251658  02,666    PC  A03/MF  A01 

NISTIR-5687 

Method  and  Evaluation  of  Character  Stroke  Preservation  on 
Handprint  Recognition. 

PB95-251724  01,850    PC  A03/MF  A01 

NISTIR-5688 

Proceedings  of  the  Meeting  of  the  Intergovernmental  U.S.- 
Russian Business  Development  Committee's  Standard 
Working  Group  (4th).  Held  in  New  York  City,  New  York  on 
March  27-29,  1995  and  in  Northbrook,  Illinois  on  March  30- 
31  1995. 

PB95-255881  00,496    PC  A1 1/MF  A03 

NISTIR-5689 

Simple  Method  of  Composition  Shifting  with  a  Distillation 
Column  for  a  Heat  Pump  Employing  a  Zeotropic  Refrigerant 
Mixture. 

PB95-255824  02,603    PC  A03/MF  A01 

NISTIR-5690 

Long-Term  Performance  of  Engineered  Concrete  Barriers. 

PB95-260816  03,727    PC  A03/MF  A01 

NISTIR-5691-V1 

Unravel:  A  CASE  Tool  to  Assist  Evaluation  of  High  Integrity 

Software.  Volume  1.  Requirements  and  Design. 

PB95-267886  01,736    PC  A05/MF  A01 

NISTIR-5691-V2 

Unravel:  A  CASE  Tool  to  Assist  Evaluation  of  High  Integrity 

Software.  Volume  2.  User  Manual. 

PB95-207894  01,737    PC  A04/MF  A01 

NISTIR-5692-SUP 

Applications  of  Diamond  Films  and  Related  Materials:  Inter- 
national Conference  (3rd).  Held  in  Gaithersburg.  Maryland 
on  August  21-24,  1995.  Supplement  to  NIST  Special  Publi- 
cation 885. 

PB95-256053  03,063    PC  A04/MF  A01 

NISTIR-5695 

Improving  Neural  Network  Performance  for  Character  and 
Fingerprint  Classification  by  Altering  Network  Dynamics. 
PB95-267803  07,857    PC  A03/MF  A01 

NISTIR-5696 

Effect  of  Training  Dynamics  on  Neural  Network  Perform- 
ance. 

PB95-267845  01,852    PC  A03/MF  A01 

NISTIR-5697 

GATT  Standards  Code  Activities  of  the  National  Institute  of 
Standards  and  Technology  1994. 

PB96-106935  00.497    PC  A03/MF  A01 

NISTIR-5698 

Estimation  of  Measurement  Uncertainty  of  Small  Circular 
Features  Measured  by  CMMs. 

PB95-267928  02,918    PC  A03/MF  A01 

NISTIR-5699 

Computer-Aided  Manufacturing  Engineering  Forum  (1st). 
Technical  Meeting  Proceedings.  Held  in  Gaithersburg, 
Maryland  on  March  21-22,  1995. 

PB96-136965  02.834    PC  A10/MF  A03 

NISTIR-5700 

Proceedings  of  the  1995  Workshop  on  Fire  Detector  Re- 
search. Held  on  February  6-7,  1995. 

PB95-270062  02,67  7    PC  A03/MF  A01 

NISTIR-5701 

Metrology  Issues  in  Terahertz  Physics  and  Technology. 
PB96-128277  01.939    PC  A08/MF  A02 

NISTIR-5703 

NIST  ATM  Network  Simulator:  Operation  and  Programming, 
Version  1.0. 

PB96-106851  01,487    PC  A04/MF  A01 

NISTIR-5704 

EMISS:  A  Program  for  Estimating  Local  Air  Pollution  Emis- 
sion Factors  Related  to  Energy  Use  in  Buildings:  User's 
Guide  and  Reference  Manual. 

PB96-109566  02,560    PC  A03/MF  A01 

NISTIR-5705 

CFAST  Output  Comparison  Method  and  Its  Use  in  Compar- 
ing Different  CFAST  Versions. 

PB96-109541  00,401    PC  A04/MF  A01 

NISTIR-5708 

Electronic  Access  to  Standards  on  the  Information  Highway. 
PB96-131578  07,494    PC  A03/MF  A01 

NISTIR-5709 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs,  April  to 
June  1995  with  1995  EEEL  Events  Calendar. 
PB96-106455  01,923    PC  A03/MF  A01 

NISTIR-5710 
Effect  of  Suppressants  on  Metal  Fires. 

PB96-109574  01.402    PC  A03/MF  A01 

NISTIR-5712 

Indoor  Air  Quality  Impacts  of  Residential  HVAC  Systems 
Phase  II. B  Report:  IAQ  Control  Retrofit  Simulations  and 
Analysis. 

PB96-106877  02,559    PC  A05/MF  A01 

NISTIR-5714 

Ground  Improvement  Techniques  for  Liquefaction  Remedi- 
ation Near  Existing  Lifelines. 

PB96-128111  01.350    PC  A05/MF  A01 


NISTIR-5715 

Optoelectronics  and  Optomechanics  Manufacturing:  An  ATP 
Focused  Program  Development.  Workshop  Proceedings. 
Held  in  Gaithersburg,  Maryland  on  February  15,  1995. 
PB97-104186  02,204  PCA11/MFA03 

NISTIR-5716 

Guidelines  for  the  Development  of  Mapping  Tables. 
PB96-154539  02,786    PC  A03/MF  A01 

NISTIR-5717 

NIST  SIMA  Interactive  Management  Workshop.  Held  in  Fort 
Belvoir,  Virginia  on  November  14-16,  1994. 
PB96-1 54877  02,838    PC  A08/MF  A02 

NISTIR-5719 

Mapping  Integration  Definition  for  Function  Modeling 
(IDEFO)  Model  into  CASE  Data  Interchange  Format  (CDIF) 
Transfer  File. 

PB96-1095  3  3  0  7,747    PC  A07/MF  A02 

NISTIR-5720 

User's  Guide  to  'SuperFit'  Modeling  Software  for  CMM 
Probe  Lobing. 

PB96-128236  02,927    PC  A03/MF  A01 

NISTIR-5722 

Reference  Manual  for  the  Algorithm  Testing  System  Version 

2.0. 

PB96-128244  02,922    PC  A03/MF  A01 

NISTIR-5723 

Airborne  Asbestos  Method:  Bootstrap  Method  for  Determin- 
ing the  Uncertainty  of  Asbestos  Concentration.  Version  1.0. 
PB96-214614  00.646    PC  A04/MF  A01 

NISTIR-5724 
Error-Bounding  in  Level-Index  Computer  Arithmetic. 
PB96-109582  01,742    PC  A02/MF  A01 

NISTIR-5726 

Generalized  Form  Registration  Using  Structure-Based 
Techniques. 

PB96-191374  01,858    PC  A03/MF  A01 

NISTIR-5727 

Extensions  of  the  Prototype  Application  Protocol  of  Ready- 
to-Wear  Apparel  Pattern  Making. 

PB96-128194  03,798    PC  A03/MF  A01 

NISTIR-5728 

Image  Gradient  Evolution:  A  Visual  Cue  for  Danger. 

PB96-1 54562  02,939    PC  A03/MF  A01 

NISTIR-5729 

Study  of  Technology  for  Detecting  Pre-lgnition  Conditions  of 
Cooking-Related  Fires  Associated  with  Electric  and  Gas 
Ranges  and  Cooktops,  Phase  1  Report. 
PB96-128095  00,303    PC  A06/MF  A02 

NISTIR-5730 

Overview  of  the  Manufacturing  Engineering  Toolkit  Proto- 
type. 

PB96-128228  02,833    PC  A03/MF  A01 

NISTIR-5732 

Calorimetric  and  Visual  Measurements  of  R123  Pool  Boiling 
on  Four  Enhanced  Surfaces. 

PB96-128129  04,053    PC  A04/MF  A01 

NISTIR-5734 

ICSSC  Guidance  on  Implementing  Executive  Order  12941 
on  Seismic  Safety  of  Existing  Federally  Owned  or  Leased 
Buildings. 

PB96-128103  00,459    PC  A03/MF  A01 

NISTIR-5735 

Distributed  Systems:  Survey  of  Open  Management  Ap- 
proaches. 

PB96-128202  01,746    PC  A03/MF  A01 

NISTIR-5736 

Comparison  of  POSIX  Open  System  Environment  (OSE) 
and  Open  Distributed  Processing  (ODP)  Reference  Models. 
PB96-131495  01,820    PC  A03/MF  A01 

NISTIR-5737 

Method  to  Determine  a  Basis  Set  of  Paths  to  Perform  Pro- 
gram Testing. 

PB96-131503  01,747    PC  A03/MF  A01 

NISTIR-5738 

NIST  RS274KT  Interpreter. 
PB96-1 47954 
NISTIR-5740 

Virtual  Environments  for  Health  Care.  A  White  Paper  for  the 
Advanced  Technology  Program  (ATP),  the  National  Institute 
of  Standards  and  Technology. 

PB96-147814  03,594    PC  A05/MF  A01 

NISTIR-5742 

Alkali-Silica  Reaction  and  High  Performance  Concrete. 
PB96-131537  01.345    PC  A03/MF  A01 

NISTIR-5743 

Operating  Principles  of  MultiKron  Virtual  Counter  Perform- 
ance Instrumentation  for  MIMD  Computers. 
PB96-131529  07,832    PC  A03/MF  A01 

NISTIR-5745 

Product  Realization  Process  Modeling:  A  Study  of  Require- 
ments, Methods  and  Research  Issues. 

PB96-147962  02.836    PC  A04/MF  A01 

NISTIR-5746 

Materials  Science  and  Engineering  Laboratory  Annual  Re- 
port, 1995.  Technical  Activities. 

PB96-214754  03,009    PC  A05/MF  A01 

NISTIR-5747 

Ceramics  Technical  Activities,  1995. 

PB96-193677  03,087  PCA11/MFA03 


02,835    PC  A05/MF  A01 
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NISTIR-5851 


NISTIR-5748 

Materials  Reliability.  Technical  Activities,  1995. 
PB96-183082  02,999    PC  A07/MF  A02 

NISTIR-5749 
Polymers  Technical  Activities,  1995. 

PB96-193719  01,291    PC  A10/MF  A02 

NISTIR-5750 

Metallurgy.  Technical  Activities,  1995. 

PB96-195284  03,003    PC  A09/MF  A02 

NISTIR-5751 

Reactor  Radiation  Technical  Activities,  1995. 

PB96-193644  03,741    PC  A07/MF  A02 

NISTIR-5752 

Summary  Report:  Workshop  on  Industrial  Applications  ot 
Scanned  Probe  Microscopy  (2nd).  A  Workshop  Co-Spon- 
sored by  NIST,  SEMATECH,  ASTM  E42.14,  and  the  Amer- 
ican Vacuum  Society.  Held  in  Gaithersburg,  Maryland  on 
May  2-3,  1995. 

PB96-131602  00,509    PC  A07/MF  A02 

NISTIR-5757 

Sharing  Information  via  the  Internet:  An  Infoserver  Case 
Study. 

PB96-131511  07,493    PC  A03/MF  A01 

NISTIR-5758 

Workplan  to  Analyze  the  Energy  Impacts  ot  Envelope 
Airtightness  in  Office  Buildings. 

PB96-1 54463  00,273    PC  A04/MF  A01 

NISTIR-5759 

National  Planning  for  Construction  and  Building  R  and  D. 
PB96-137104  00,324    PC  A06/MF  A02 

NISTIR-5760 

Classified  Bibliography:  Insulation  Condition  Monitoring 
Methods,  1989-1995. 

PB96-131586  02,232    PC  A05/MF  A01 

NISTIR-5762 

Standard  Generalized  Markup  Language  Test  Suite  Evalua- 
tion Report. 

PB96-154992  01,751    PC  A03/MF  A01 

NISTIR-5763 

General  Motion  Model  and  Spatio-Temporal  Filters  for  3-D 
Motion  Interpretations. 

PB96-210703  01,861    PC  A07/MF  A02 

NISTIR-5764 

Smoke  Plume  Trajectory  from  In  situ  Burning  of  Crude  Oil 
in  Alaska:  Field  Experiments. 

PB96-131560  02,594    PC  A03/MF  A01 

NISTIR-5765 

Simplified  Design  Procedure  for  Hybrid  Precast  Concrete 
Connections. 

PB96-154836  00,405    PC  A06/MF  A01 

NISTIR-5766 

Solid  Propellant  Gas  Generators:  Proceedings  of  the  1995 
Workshop.  Held  in  Gaithersburg,  Maryland  on  June  28-29, 
1995. 

PB96-131479  07,472    PC  A1 1/MF  A03 

NISTIR-5767 

Effect  of  Inclination  on  the  Performance  of  a  Compact 
Brazed  Plate  Condenser  and  Evaporator. 
PB96-136973  02,756    PC  A03/MF  A01 

NISTIR-5769 
C++  in  Safety  Critical  Systems. 

PB96-154588  01,750    PC  A04/MF  A01 

NISTIR-5770 

How-To  Suggestions  for  Implementing  Executive  Order 
12941  on  Seismic  Safety  of  Existing  Federal  Buildings,  A 
Handbook. 

PB96-131552  00,461    PC  A10/MF  A03 

NISTIR-5771 

STandard  for  the  Exchange  of  Product  Model  Data  (STEP): 
Procedures  for  NIST  STEP  Validation. 

PB96-154976  02,787    PC  A03/MF  A01 

NISTIR-5773 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Publication  Announcements  Covering  Laboratory  Programs, 
April  to  June  1995  with  1995  EEEL  Events  Calendar. 
PB96-137187  01,947    PC  A03/MF  A01 

NISTIR-5774 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs,  July  to 
September  1995  with  1996  EEEL  Events  Calendar. 
PB96-147905  01,942    PC  A04/MF  A01 

NISTIR-5775 

Machine  Performance  Standard  Provides  Opportunity  to  Im- 
prove Quality  and  Productivity. 

PB96-154521  02,837    PC  A02/MF  A01 

NISTIR-5776 

Santa  Ana  Fire  Department  Experiments  at  South  Bristol 
Street. 

PB96-154810  00,305  PCA11/MFA03 

NISTIR-5777 

Beyond  the  Technology  Roadmaps:  An  Assessment  of 
Electronic  Materials  Research  and  Development. 
PB96-165998  07,967    PC  A05/MF  A01 

NISTIR-5778 

Collection  of  Results  for  the  SPC/E  Water  Model. 
PB96-147889  01,127    PC  A03/MF  A01 

NISTIR-5780 

Enhancement  of  R123  Pool  Boiling  by  the  Addition  of  N- 
Hexane. 

PB96- 165956  02,605    PC  A04/MF  A01 


NISTIR-5782 

Modified  Optimal  Algorithm  for  Active  Structural  Control. 
PB96-165949  00,472    PC  A04/MF  A01 

NISTIR-5783 

Development  of  a  Test  Method  for  Leaching  of  Lead  from 
Lead-Based  Paints  Through  Encapsulants. 
PB96-154984  03,728    PC  A04/MF  A01 

NISTIR-5784 

Study  to  Determine  the  Existence  of  an  Azeotropic  R-22 
'Drop-In'  Substitute. 

PB96-167812  02,568    PC  A04/MF  A01 

NISTIR-5785 

Summary  and  Results  of  the  NIST  Workshop  on  Proposed 
Guidelines  for  Testing  and  Evaluation  of  Seismic  Isolation 
Systems.  Held  in  San  Francisco,  California  on  July  25, 
1994. 

PB96-154901  00,463    PC  A04/MF  A01 

NISTIR-5787 

AutoBid  2.0:  The  Microcomputer  System  for  Police  Patrol 
Vehicle  Selection. 

PB96-154570  04,377    PC  A03/MF  A01 

NISTIR-5788 

Public  Key  Infrastructure  Invitational  Workshop.  Held  in 
McLean,  Virginia  on  September  28,  1995. 
PB96-166004  07,676    PC  A08/MF  A02 

NISTIR-5789 
Using  S-Check,  Alpha  Release  1.0. 

PB96-165964  01,767    PC  A05/MF  A01 

NISTIR-5790 

Scale-Space-Based  Visual-Motion-Cue  for  Autonomous 
Navigation. 

PB96-183173  02,940    PC  A06/MF  A01 

NISTIR-5791 

Novel  Active-Vision-Based  Motion  Cues  for  Local  Naviga- 
tion. 

PB96-193727  02,941    PC  A05/MF  A01 

NISTIR-5793 

Data  Communications  Strategy. 

PB96-167846  02,738    PC  A05/MF  A01 

NISTIR-5795 

Minimum  Mass  Flux  Requirements  to  Suppress  Burning 
Surfaces  with  Water  Sprays. 

PB96-183181  01,425    PC  A05/MF  A01 

NISTIR-5796 

Guide  to  a  Format  for  Data  on  Chemical  Admixtures  in  a 
Materials  Properly  Database. 

PB96-165394  01,327    PC  A04/MF  A01 

Guide  to  a  Format  for  Data  on  Chemical  Admixtures  in  a 
Materials  Property  Database.  (Reannouncement  with  new 
abstract). 

PB96-186192  01,328    PC  A04/MF  A01 

NISTIR-5797 

PIECS:  A  Software  Program  for  Machine  Tool  Process- 
Intermittent  Error  Compensation. 

PB96-165980  02,842    PC  A08/MF  A02 

NISTIR-5798 

NASA  Fire  Detector  Study. 

PB96-183108 
NISTIR-5799 

Application  of  the  Pointer  State  Subgraph  to  Static  Program 
Slicing. 

PB96-167838  01,768    PC  A03/MF  A01 

NISTIR-5800 

Guidelines  for  Pre-Qualification,  Prototype  and  Quality  Con- 
trol Testing  of  Seismic  Isolation  Systems. 
PB96-193685  07,347    PC  A08/MF  A02 

NISTIR-5801 

Multizone  Modeling  of  Three  Residential  Indoor  Air  Quality 
Control  Options. 

PB96-165782  02,567    PC  A08/MF  A02 

NISTIR-5806 

Method  of  Estimating  the  Parameters  of  Tuned  Mass 
Dampers  for  Seismic  Applications. 

PB96-167820  00.473    PC  A04/MF  A01 

NISTIR-5808 

Machining  Process  Planning  Activity  Model  for  Systems  In- 
tegration. 

PB96-165428  02,847    PC  A03/MF  A01 

NISTIR-5809 

Numerical  Simulation  of  Rapid  Combustion  in  an  Under- 
ground Enclosure. 

PB96-183132  01,424    PC  A03/MF  A01 

NISTIR-5810 

TMACH  Experiment  Phase  1.  Preliminary  Developmental 
Evaluation. 

PB96-195318  07,678    PC  A03/MF  A01 

NISTIR-5811 

Basic  Linear  Algebra  Operations  in  SLI  Arithmetic. 

PB96-165931  03,421    PC  A03/MF  A01 

NISTIR-5815 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs,  October 
to  December  1995  with  1996  EEEL  Events  Calendar. 
PB96-183116  01,966    PC  A04/MF  A01 

NISTIR-5816 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Publication  Announcements  Covering  Laboratory  Programs, 
July  to  September  1995  with  1996  EEEL  Events  Calendar. 
PB96-183066  01,965    PC  A03/MF  A01 


01,423    PC  A04/MF  A01 


NISTIR-5818 

Electronics  and  Electrical  Engineering  Laboratory  1995 
Technical    Accomplishments:    Advancing    Metrology  for 
Electrotechnology  to  Support  the  U  S.  Economy. 
PB96-164520  01,959    PC  A05/MF  A01 

NISTIR-5819 
X.500  Directory  Schema  Design  Handbook. 
PB96-1 83041  02,739    PC  A03/MF  A01 

NISTIR-5820 

Distributed  Communication  Methods  and  Role-Based  Ac- 
cess Control  for  Use  in  Health  Care  Applications. 
PB96-183165  07,508    PC  A05/MF  A01 

NISTIR-5821 

Aspects  of  a  Product  Model  Supporting  Apparel  Virtual  En- 
terprises. 

PB96-183231  02,790    PC  A03/MF  A01 

NISTIR-5822 

Proceedings  of  NIST  Workshop:  Industry  Needs  in  Welding 
Research  and  Standards  Development.  Held  on  August  15- 
16,  1995. 

PB96-183124  02,877    PC  A04/MF  A01 

NISTIR-5823 

Survey  of  Standards  for  the  U.S.  Fiber/Textile/Apparel  In- 
dustry. 

PB96-193792  03,199    PC  A06/MF  A01 

NISTIR-5824 

Interoperability  Experiments  with  CORBA  and  Persistent 
Object  Base  Systems. 

PB96-183140  07,772    PC  A04/MF  A01 

NISTIR-5826 

Hygrothermal  Effects  on  the  Performance  of  Polymers  and 
Polymeric   Composites:    A   Workshop   Report.    Held  in 
Gaithersburg,  Maryland  on  September  21-22,  1995. 
PB96- 183207  03,180    PC  A04/MF  A01 

NISTIR-5828 
CSTL  Technical  Activities,  1995. 

PB96-214630  00,647    PC  A10/MF  A03 

NISTIR-5832 

Electronics  and  Electrical  Engineering  Laboratory:  1996 
Program  Plan.  Supporting  Technology  for  U.S.  Competitive- 
ness in  Electronics. 

PB96-175237  01,962    PC  A10/MF  A03 

NISTIR-5833 

Procedure  for  Product  Data  Exchange  Using  STEP  Devel- 
oped in  the  AutoSTEP  Pilot. 

PB96-183058  02,843    PC  A04/MF  A01 

NISTIR-5837 

Workshop  on  Characterizing  Diamond  Films  (4th).  Held  in 
Gaithersburg,  Maryland  on  March  4-5,  1996. 
PB96-183090  04,786    PC  A04/MF  A01 

NISTIR-5838 

Room-Temperature  Thermal  Conductivity  of  Expanded  Pol- 
ystyrene Board  for  a  Standard  Reference  Material. 
PB96-193693  00,472    PC  A04/MF  A01 

NISTIR-5839 

Systems  Integration  for  Manufacturing  Applications  Program 
1995  Annual  Report. 

PB96-1 93735  02,844    PC  A05/MF  A01 

NISTIR-5840 

Benefits  and  Costs  of  Research:  Two  Case  Studies  in 
Building  Technology. 

PB96-202221  00,230    PC  A07/MF  A02 

NISTIR-5842 

Methodology  for  Developing  and  Implementing  Alternative 
Temperature-Time  Curves  tor  Testing  the  Fire  Resistance 
of  Barriers  for  Nuclear  Power  Plant  Applications. 
PB96- 193784  03,742    PC  A07/MF  A02 

NISTIR-5843 

Component-Based  Handprint  Segmentation  Using  Adaptive 
Writing  Style  Model. 

PB96-193669  01,859    PC  A03/MF  A01 

NISTIR-5844 

Interoperability  Requirements  for  CAD  Data  Transfer  in  the 
AutoSTEP  Project. 

PB97-1 14268  02,796    PC  A03/MF  A01 

NISTIR-5845 

Program  of  the  Manufacturing  Engineering  Laboratory, 
1996.    Infrastructural    Technology,    Measurements,  and 
Standards  for  the  U.S.  Manufacturing  Industries. 
PB96-195276  02,760  PCA11/MFA03 

NISTIR-5846 

Computer-Aided  Manufacturing  Engineering  Forum  (2nd). 
Technical  Meeting  Proceedings.  Held  in  Gaithersburg, 
Maryland  on  August  22-23,  1995. 

PB96-195334  02,845  PCA11/MFA03 

NISTIR-5847 

Warping  of  Terrace  Pavers  at  the  U.S.  Capitol  Building. 
PB96-193651  00,477    PC  A03/MF  A01 

NISTIR-5848 

Notion  of  a  xi-Vector  and  a  Stress  Tensor  for  a  General 
Class  of  Anisotropic  Diffuse  Interface  Models. 
PB96-193776  04,788    PC  A03/MF  A01 

NISTIR-5849 

Summary  of  Federal  Construction  and  Building  R  and  D  in 
1994. 

PB97-1 14250  00,234    PC  A04/MF  A01 

NISTIR-5851 

National  Semiconductor  Metrology  Program,  Project  Port- 
folio FY  1996. 

PB96-1 95268  04,789    PC  A03/MF  A01 
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NISTIR-5853 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs,  January 
to  March  1996.  with  1996  EEEL  Events  Calendar. 
PB96-191390  01,969    PC  A04/MF  A01 

NISTIR-5854 

Computer  Systems  Laboratory  Computing  and  Applied 
Mathematics  Laboratory  Technical  Accomplishments,  Octo- 
ber 1994-March  1996. 

PB96-193768  01,638    PC  A05/MF  A01 

NISTIR-5855 

Specification  tor  Interoperability  between  Ballistic  Imaging 
Systems.  Part  1.  Cartridge  Cases. 

PB96-195524  01.860    PC  A04/MF  A01 

NISTIR-5856 

NIST  Construction  Automation  Program  Report  No.  2.  Pro- 
ceedings of  the  NIST  Construction  Automation  Workshop. 
Held  in  Gaithersburg,  Maryland  on  March  30-31,  1995. 
PB96-202239  00,413    PC  A09/MF  A02 

NISTIR-5857 

State  of  the  Art  Report  on  Seismic  Design  Requirements  for 
Nonstructural  Building  Components. 

PB96-193800  00,308    PC  A06/MF  A01 

NISTIR-5859 

MV++  v.  1.5a  Matrix/Vector  Class  Reference  Guide. 
PB96-195326  01,777    PC  A03/MF  A01 

NISTIR-5860 

IML++  v.1.2  Iterative  Methods  Library  Reference  Guide. 
PB96-195219  01,776    PC  A04/MF  A01 

NISTIR-5861 

SparseLib++  v.  1.5  Sparse  Matrix  Class  Library.  Reference 
Guide. 

PB96-193636  01,775    PC  A03/MF  A01 

NISTIR-5862 

Operator  Experience  with  a  Hierarchical  Real-Time  Control 
System  (RCS). 

PB96-195516  03,757    PC  A03/MF  A01 

NISTIR-5863 

Benefits  and  Costs  of  Research:  A  Case  Study  of  the  Fire 
Safety  Evaluation  System. 

PB96-202288  00,232    PC  A06/MF  A01 

NISTIR-5864 

Economics  of  New-Technology  Materials:  A  Case  Study  of 
FRP  Bridge  Decking. 

PB96-202353  01,349    PC  A06/MF  A01 

NISTIR-5865 

Development  of  a  Method  for  Measuring  Water-Stripping 
Resistance  of  Asphalt/Siliceous  Aggregate  Mixtures. 
PB96-202296  01,329    PC  A09/MF  A02 

NISTIR-5866 

Developing  Quality  System  Documentation  Based  on  ANSI/ 
NCSL  2540-1-1994:  The  Optical  Technology  Division's  Ef- 
fort. 

PB96-202122  01,869    PC  A05/MF  A01 

NISTIR-5868 

Application  Protocol  Information  Base  World  Wide  Web 
Gateway. 

PB96-202320  02,791    PC  A03/MF  A01 

NISTIR-5869 

Measurement  of  Rheological  Properties  of  High  Perform- 
ance Concrete:  State  of  the  Art  Report. 
PB96-202338  00,414    PC  A04/MF  A01 

NISTIR-5870 

Shear  Design  of  High-Strength  Concrete  Beams:  A  Review 
of  the  State-of-the-Art. 

PB96-214713  01,330  PCA11/MFA03 

NISTIR-5871 

Report  on  USDA  Ultraviolet  Spectroradiometers. 

PB96-214648  00,125    PC  A04/MF  A01 

NISTIR-5872 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Publication  Announcements  Covering  Laboratory  Programs, 
October  to  December  1995,  with  1996  EEEL  Events  Cal- 
endar. 

PB96-202346  01,978    PC  A04/MF  A01 

NISTIR-5873 

Intracycle  Evaporative  Cooling  in  a  Vapor  Compression 
Cycle. 

PB97-116107  02,762    PC  A03/MF  A01 

NISTIR-5877 

Report  of  a  Workshop  on  Requalification  of  Tubular  Steel 
Joints  in  Offshore  Structures.  Held  in  Houston,  Texas  on 
September  5-6,  1995. 

PB96-210760  03,699    PC  A07/MF  A02 

NISTIR-5878 

Fire  Safety  Engineering  in  the  Pursuit  of  Performance- 
Based  Codes:  Collected  Papers. 

PB97-1 14482  00,235    PC  A07/MF  A02 

NISTIR-5879 

Conformance  Testing  and  Specification  Management. 
PB97-1 13781  02,849    PC  A03/MF  A01 

NISTIR-5880 

Mathematical  Analysis  of  Practices  to  Control  Moisture  in 
the  Roof  Cavities  of  Manufactured  Houses. 
PB97-106843  00,278    PC  A05/MF  A01 

NISTIR-5885 

Static  Structural  Analysis  of  a  Reconfigurable  Rigid  Platform 
Supported  by  Elastic  Legs. 

PB97-1 13898  02,960    PC  A05/MF  A01 


01,170    PC  A04/MF  A01 


NISTIR-5887 

Diffuse-Interface  Description  of  Fluid  Systems. 
PB96-210711 
NISTIR-5888 

Materials  Aspects  of  Fiber-Reinforced  Polymer  Composites 
in  Infrastructure. 

PB96-210695  03,184    PC  A04/MF  A01 

NISTIR-5889 

Experimental  Models  for  Software  Diagnosis. 

PB97-1 13906  01,783    PC  A04/MF  A01 

NISTIR-5892 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Publication  Announcements  Covering  Laboratory  Programs, 
January  to  March  1996,  with  1996  EEEL  Events  Calendar. 
PB96-214622  01,981    PC  A03/MF  A01 

NISTIR-5893 

Experimentally  Measured  Total  X-ray  Attenuation  Coeffi- 
cients Extracted  from  Previously  Unprocessed  Documents 
Held  by  the  NIST  Photon  and  Charged  Particle  Data  Cen- 
ter. 

PB97-1 14474  04, 165    PC  A04/MF  A01 

NISTIR-5895 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs,  April  to 
June  1996  with  1996-1998  EEEL  Events  Calendar. 
PB97-113880  01,994    PC  A04/MF  A01 

NISTIR-5897 

Representation  of  Axes  for  Geometric  Fitting. 
PB97-113799  01,782    PC  A03/MF  A01 

NISTIR-5898 

TBT  Agreement  Activities  of  the  National  Institute  of  Stand- 
ards and  Technology,  1995. 

PB97-104178  00,499    PC  A04/MF  A01 

NISTIR-5899 

Standards  Promote  Credibility  and  Technology  Transfer: 
The  Need  for  Greater  Industry  Support  of  Technical  Com- 
mittees. 

PB97-1 16206  02,967    PC  A03/MF  A01 

NISTIR-5900 

Multi-Scale  Picture  of  Concrete  and  Its  Transport  Prop- 
erties: Introduction  for  Non-Cement  Researchers. 
PB97-1 15802  03, 107    PC  A05/MF  A01 

NISTIR-5906 

Carbon  Monoxide  Dispersion  in  Residential  Buildings:  Lit- 
erature Review  and  Technical  Analysis. 
PB97-1 14227  02,571    PC  A05/MF  A01 

NISTIR-5907 

Proceedings  of  a  Workshop  on  Developing  and  Adopting 
Seismic  Design  and  Construction  Standards  for  Lifelines. 
Held  in  Denver,  Colorado  on  September  25-27,  1991. 
PB97-115794  07,302    PC  A16/MF  A03 

NISTIR-5909 

Group  1  for  the  Process  Engineering  Data  STEP  Applica- 
tion Protocol. 

PB97-1 16073  02,797    PC  A99/MF  A06 

NISTIR-5910 

Unified  Process  Specification  Language:  Requirements  for 
Modeling  Process. 

PB97-1 16123  02,850    PC  A06/MF  A01 

NOAA-TM-ERL-GLERL-97 

Lake  Erie  Water  Temperature  Data,  Put-in-Bay,  Ohio,  1918- 
1992. 

PB96-202452  03,692    PC  A04/MF  A01 

NREL/TP-41 1-8246 

Atomic-scale  characterization  of  hydrogenated  amorphous- 
silicon  films  and  devices.  Annual  subcontract  report,  14 
February  1994-14  April  1995. 

DE95009287  02,294    PC  A03/MF  A01 

NUREG/CP-0136 

Proceedings  of  the  Digital  Systems  Reliability  and  Nuclear 
Safety  Workshop.  Held  in  Rockville,  Maryland  on  Septem- 
ber 13-14,  1993. 

NUREG/CP-0136  03,728    PC  A16/MF  A03 

ORNUCON-381 
Economic,  Energy,  and  Environmental  Impacts  of  the  En- 
ergy-Related Inventions  Program. 

DE94-017162  00,008    PC  A05/MF  A02 

ORNUSUB/83-21 322/03 

Abrasive  Wear  by  Diesel  Engine  Coal-Fuel  and  Related 
Particles 

PB95-104915  01,450    PC  A04/MF  A01 

PB94- 100278 

Opportunities  for  Innovation:  Advanced  Manufacturing  Tech- 
nology. 

PB94-100278  02,801    PC  A07/MF  A02 

PB94-1 12695 

Electroacoustics  for  Characterization  of  Particulates  and 
Suspensions.    Proceedings    of    a    Workshop.    Held  in 
Gaithersburg,  Maryland  on  February  3-4,  1993. 
PB94-1 12695  00,725    PC  A15/MF  A03 

PB94-1 23080 

Technology  Trends  in  Telecommunications:  An  Overview. 
PB94-123080  07,462    PC  A03/MF  A01 

PB94-1 26901 

Electronics  and  Electrical  Engineering  Laboratory  1994  Pro- 
gram Plan:  Supporting  Technology  for  U.S.  Competitive- 
ness in  Electronics. 

PB94-126901  01,873    PC  A09/MF  A02 


PB94-1 34897 

General  Procedures  for  Registering  Computer  Security  Ob- 
jects. 

PB94- 134897  01,573    PC  A03/MF  A01 

PB94-1 35001 

Report  of  the  NIST  Workshop  on  Digital  Signature  Certifi- 
cate Management.  Held  on  December  10-11,  1992. 
PB94-135001  01,574    PC  A09/MF  A02 

PB94-1 35621 
Open  Architectures  for  Machine  Control. 
PB94-135621  02,942    PC  A03/MF  A01 

PB94-1 35639 
Crosstalk  between  Microstrip  Transmission  Lines. 
PB94-135639  02,270    PC  A03/MF  A01 

PB94-1 35761 

Planning  for  the  Fiber  Distributed  Data  Interface  (FDDI). 
PB94-135761  07,627    PC  A06/MF  A02 

PB94-1 35803 

NIST  Model  PM2  Power  Measurement  System  for  1  mW  at 
1  GHz. 

PB94-135803  02,018    PC  A03/MF  A01 

PB94-1 36009 

NIST  Handbook  44,  1994:  Specifications,  Tolerances  and 
Other  Technical  Requirements  for  Weighing  and  Measuring 
Devices  as  Adopted  by  the  78th  National  Conference  on 
Weights  and  Measures  1993. 

PB94-136009  02,888  PCA11/MFA03 

PB94-1 38989 

Report  of  the  National  Conference  on  Weight  and  Measures 
(78th).  Held  in  Kansas  City,  MO.  on  July  18-22,  1993. 
PB94-138989  02,623    PC  A18/MF  A04 

PB94-1 39045 

Good  Security  Practices  for  Electronic  Commerce,  Including 
Electronic  Data  Interchange. 

PB94-139045  01,463    PC  A04/MF  A01 

PB94-139193 

Some  Factors  Affecting  Design  of  a  Furniture  Calorimeter 
Hood  and  Exhaust. 

PB94-139193  00,285    PC  A03/MF  A01 

PB94-1 39623 

Computing  Effects  and  Error  for  Large  Synthetic  Perturba- 
tion Screenings. 

PB94-139623  01,675    PC  A03/MF  A01 

PB94-1 39649 

Security  Considerations  for  SQL-Based  Implementations  of 
STEP. 

PB94- 139649  02,766    PC  A03/MF  A01 

PB94-1 39672 

Electromechanical  Properties  of  Superconductors  for  DOE 
Fusion  Applications. 

PB94-1 39672  02,250    PC  A06/MF  A02 

PB94-1 39722 

Fire  Induced  Thermal  Fields  in  Window  Glass  I:  Theory. 
PB94-139722  00,328    PC  A03/MF  A01 

PB94-140167 

Guide  to  Software  Engineering  Environment  Assessment 
and  Evaluation. 

PB94-140167  01,676    PC  A04/MF  A01 

PB94-1 40407 

Computer  Programs  for  Simulation  of  Lighting/HVAC  Inter- 
actions. 

PB94- 140407  02,501    PC  A08/MF  A02 

PB94-1 40555 

Journal  of  Research  of  the  National  Institute  of  Standards 
and  Technology,  November-December  1993.  Volume  98, 
Number  6. 

PB94-140555  04,223    PC  A06/MF  A02 

PB94-1 40563 

36CI/CI  Accelerator-Mass-Spectrometry  Standards:  Verifica- 
tion of  Their  Serial-Dilution-Solution  Preparations  by  Radio- 
activity Measurements. 

PB94-1 40563  00,524 
(Order  as  PB94-140555,  PC  A06/MF  A02) 

PB94-1 40571 

Pressure-Volume-Temperature  Relations  in  Liquid  and  Solid 
Tritium. 

PB94- 140571  00,726 
(Order  as  PB94- 140555,  PC  A06/MF  A02) 

PB94-1 40589 

Filter  Transmittanoe  Measurements  in  the  Infrared. 
PB94-1 40589  04,224 
(Order  as  PB94-140555,  PC  A06/MF  A02) 

PB94-1 40597 

Two  Numerical  Techniques  for  Light  Scattering  by  Dielectric 
Agglomerated  Structures. 

PB94- 140597  04,225 
(Order  as  PB94- 140555,  PC  A06/MF  A02) 

PB94-1 40605 

Wavelengths  and  Energy  Levels  of  Neutral  Kr(84)  and 
Level  Shifts  in  All  Kr  Even  Isotopes. 

PB94- 140605  03,780 
(Order  as  PB94- 140555,  PC  A06/MF  A02) 

PB94-1 42460 

Enhanced  Machine  Controller  Architecture  Overview. 
PB94-142460  02,802    PC  A03/MF  A01 

PB94-1 42478 

Assessment  of  Uncertainties  of  Calibration  of  Resistance 
Thermometers  at  the  National  Institute  of  Standards  and 
Technology. 

PB94-1 42478  02,624    PC  A03/MF  A01 
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PB94-161809 


PB94-1 42486 

Mass  Unit  Disseminated  to  Surrogated  Laboratories  Using 
the  NIST  Portable  Mass  Calibration  Package. 
PB94-142486  03,781    PC  A03/MF  A01 

PB94-1 42494 

Introduction  to  Traffic  Management  for  Broadband  ISDN. 

PB94-142494  01,464    PC  A03/MF  A01 

PB94-1 42502 

Applying  Virtual  Environments  to  Manufacturing. 

PB94-142502  02,803    PC  A03/MF  A01 

PB94-142510 

Assessment  of  Uncertainties  of  Uquid-in-Glass  Thermom- 
eter Calibrations  at  the  National  Institute  of  Standards  and 
Technology. 

PB94-142510  02,625    PC  A03/MF  A01 

PB94-1 42528 

Context  Analysis  of  the  Network  Management  Domain. 
Conducted  as  Part  of  the  Domain  Analysis  Case  Study. 
PB94-142528  07,465    PC  A05/MF  A01 

PB94-1 42536 

Report  on  Application  Integration  Architectures  (AIA)  Work- 
shop. Held  in  Dallas,  Texas  on  February  8-12,  1993. 
PB94-142536  01.803    PC  A07/MF  A02 

PB94-1 42791 

Feasibility  Study:  Reference  Architecture  for  Machine  Con- 
trol Systems  Integration. 

PB94-142791  02.804    PC  A12/MF  A03 

PB94-1 42973 

In  situ  Burning  of  Oil  Spills:  Mesoscale  Experiments. 

PB94-142973  01,355    PC  A04/MF  A01 

PB94-1 43344 

Evaluation  of  GSA  Maintenance  Practices  of  Large  Cen- 
trifugal Chillers  and  Review  of  GSA  Refrigerant  Manage- 
ment Practices. 

PB94-143344  02.502    PC  A04/MF  A01 

PB94-1 43401 

Next  Generation  Computer  Resources:  Reference  Model  for 
Project  Support  Environments  (Version  2.0). 
PB94- 143401  01.677    PC  A06/MF  A02 

PB94-143427 

Computational  Model  for  the  Rise  and  Dispersion  of  Wind- 
Blown,  Buoyancy-Driven  Plumes.  Part  2.  Linearly  Stratified 
Atmosphere. 

PB94-143427  00.119    PC  A03/MF  A01 

PB94-1 43542 

Ground-Based  Smoke  Sampling  Techniques  Training 
Course  and  Collaborative  Local  Smoke  Sampling  in  Saudi 
Arabia. 

PB94-143542  02,532    PC  A05/MF  A01 

PB94-145620 

Reliable  Optical  Flow  Algorithm  Using  3-D  Hermite  Poly- 
nomials. 

PB94-145620  07,829    PC  A03/MF  A01 

PB94-1 45653 

Manual  for  Ventilation  Assessment  in  Mechanically  Venti- 
lated Commercial  Buildings. 

PB94-145653  00,239    PC  A07/MF  A02 

PB94-1 45661 

System  for  Calibration  of  the  Marshall  Compaction  Ham- 
mer. 

PB94-145661  01,303    PC  A08/MF  A02 

PB94-1 45711 

Aperture  Excitation  of  Electrically  Large,  Lossy  Cavities. 
PB94-145711  00,029    PC  A05/MF  A01 

PB94-1 45968 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs,  January 
to  March  1991,  with  1991  EEEL  Events  Calendar. 
PB94-145968  02,7  73    PC  A03/MF  A01 

PB94-145976 

Use  of  Computer  Models  to  Predict  Temperature  and 
Smoke  Movement  in  High  Bay  Spaces. 
PB94- 145976  00,797    PC  A04/MF  A01 

PB94-145984 

Alternating-Field  Susceptometry  and  Magnetic  Susceptibility 
of  Supercondoctors.  Presented  at  Office  of  Naval  Research 
Workshop  on  Magnetic  Susceptibility  of  Superconductors 
and  Other  Spin  Systems.  Held  in  Berkeley  Springs,  West 
Virginia  on  20  May  1991. 

PB94-145984  04.435    PC  A01/MF  A01 

PB94-1 46636 

Modulation  of  Fossil  Fuel  Production  by  Global  Tempera- 
ture Variations,  2. 

PB94-1 46636  02.533    PC  A04/MF  A01 

PB94-1 46677 

Thermophysical  Properties  of  Fluids  for  the  Gas  Industry. 
Final  Report,  February  1,  1988-August  31,  1993. 
PB94-146677  02,472    PC  A03/MF  A01 

PB94-150919 

Guide  to  Configuration  Management  and  the  Revision  Con- 
trol System  for  Testbed  Users. 

PB94-150919  01.678    PC  A03/MF  A01 

PB94-151776 

NIST  60-Millimeter  Diameter  Cylindrical  Cavity  Resonator: 
Performance  Evaluation  for  Permittivity  Measurements. 
PB94-151776  02.251  PCA11/MFA03 

PB94-151842 

NIST  Standard  Reference  Data  Products  Catalog.  1994. 
PB94-151842  00.727    PC  A06/MF  A02 


PB94-1 52006 

Fire  Safety  of  Passenger  Trains:  A  Review  of  Current  Ap- 
proaches and  of  New  Concepts. 

PB94-152006  04.848  PCA11/MFA03 

PB94-1 52204 

Abstract  and  Index  Collection  in  the  Research  Information 
Center  of  the  National  Institute  of  Standards  and  Tech- 
nology. 

PB94-152204  02,744    PC  A03/MF  A01 

PB94-1 52691 

Assessment  of  Uncertainties  of  Thermocouple  Calibrations 
at  NIST. 

PB94-152691  03.782    PC  A03/MF  A01 

PB94-1 52709 

Submissions  to  a  Planned  Encyclopedia  of  Operations  Re- 
search on  Computational  Geometry  and  the  Voronoi/ 
Delaunay  Construct. 

PB94-152709  03.425    PC  A03/MF  A01 

PB94-1 52725 

Growth  Surface  for  the  Slopes  at  the  Boundary  of  a  Poly- 
gon. 

PB94-152725  03,408    PC  A03/MF  A01 

PB94-1 52733 

Photonic  Materials:  A  Report  on  the  Results  of  a  Workshop. 
Held  in  Gaithersburg,  Maryland  on  August  26-27,  1992,  Vol- 
ume 1. 

PB94-152733  02,774    PC  A05/MF  A01 

PB94-1 54325 

APDE  Demonstration  System  Architecture.  National  PDES 
Testbed  Report  Series. 

PB94-154325  02,767    PC  A03/MF  A01 

PB94-1 54341 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Programs,  October  to  December 
1993.  with  1994/1995  EEEL  Events  Calendar. 
PB94-154341  02,775    PC  A03/MF  A01 

PB94-1 54358 

Variant  Design  for  Mechanical  Artifacts-A  State  of  the  Art 
Survey. 

PB94-154358  02.768    PC  A03/MF  A01 

PB94-1 54382 

Source  of  Phenol  Emissions  Affecting  the  Indoor  Air  of  an 
Office  Building. 

PB94-154382  03.600    PC  A04/MF  A01 

PB94-1 54390 

Corrosion  Resistance  of  Materials  for  Renovation  of  the 
United  States  Botanic  Garden  Conservatory. 
PB94-154390  00,032    PC  A03/MF  A01 

PB94-1 55579 

Development  and  Characterization  of  Insulating  Layers  on 
Silicon  Carbide:  Annual  Report  for  February  14,  1988  to 
February  14,  1989. 

PB94-155579  02.295    PC  A03/MF  A01 

PB94-1 55587 

Sulfur  Dioxide  Capture  in  the  Combustion  of  Mixtures  of 
Lime,  Refuse-Derived  Fuel,  and  Coal. 

PB94-155587  02,534    PC  A04/MF  A01 

PB94-1 56866 

Concurrent  Flow  Flame  Spread  Study. 

PB94-156866  01.356    PC  A08/MF  A02 

PB94-1 56957 

Transient  Cooling  of  a  Hot  Surface  by  Droplets  Evaporation. 
PB94-1 56957  03.783    PC  A08/MF  A02 

PB94-1 56965 

Numerical  Analysis  Support  for  Compartment  Fire  Modeling 
and  Incorporation  of  Heat  Conduction  into  a  Zone  Fire 
Model. 

PB94-156965  01.357    PC  A04/MF  A01 

PB94-1 57831 

Opportunities  for  Innovation:  Biotechnology. 

PB94-157831  00.009    PC  A12/MF  A03 

PB94-1 58268 

Boundary  Conforming  Grid  Generation  System  for  Interface 
Tracking. 

PB94-158268  03,312    PC  A03/MF  A01 

PB94-1 58573 

Study  to  Determine  the  Most  Important  Parameters  for 
Evaluating  the  Resistance  of  Soft  Body  Armor  to  Penetra- 
tion by  Edged  Weapons. 

PB94-158573  03,757    PC  A03/MF  A01 

PB94-1 59761 

Metrology  for  Electromagnetic  Technology:  A  Bibliography 
of  NIST  Publications. 

PB94-159761  02,776    PC  A04/MF  A01 

PB94-1 59779 

Seismic  Instrumentation  of  Existing  Buildings. 

PB94-159779  00,420    PC  A04/MF  A01 

PB94-1 59787 

Center  for  Electronics  and  Electrical  Engineering  Technical 
Progress  Bulletin  Covering  Center  Programs,  October  to 
December,  with  1991  CEEE  Events  Calendar. 
PB94-159787  02.296    PC  A03/MF  A01 

PB94-1 59795 
Structural  EXPRESS  Editor. 

PB94-159795  02.769    PC  A04/MF  A01 

PB94-1 60066 

Report  on  the  Workshop  on  Manufacturing  Polymer  Com- 
posites by  Liquid  Molding.  Held  in  Gaithersburg,  Maryland 
on  September  20-22,  1993. 

PB94-160066  03,737    PC  A13/MF  A03 


PB94-1 60736 

Summary  Report  of  NIST's  Industry-Government  Consor- 
tium Research  Program  on  Flowmeter  Installation  Effects 
with  Emphasis  on  the  Research  Period,  January-September 
1991:  The  Reducer. 

PB94-160736  04,196    PC  A04/MF  A01 

PB94-1 60744 

Computation  of  Dendrites  Using  a  Phase  Field  Model. 

PB94-160744  04,436    PC  A03/MF  A01 

PB94-1 60751 

Performance  Approach  to  the  Development  of  Criteria  for 
Low-Sloped  Roof  Membranes. 

PB94-160751  00,329    PC  A03/MF  A01 

PB94-1 60769 

CSTL  Technical  Activities  1991. 

PB94-160769  00,728    PC  A16/MF  A03 

PB94-1 60777 

Microstructural  Features  of  Some  Low  Water/Solids,  Silica 
Fume  Mortars  Cured  at  Different  Temperatures. 
PB94-160777  00.330    PC  A03/MF  A01 

PB94-1 60785 

Comparison  of  Finite  Element  and  Analytic  Calculations  of 
the  Resonant  Modes  and  Frequencies  of  a  Thick  Shell 
Sphere. 

PB94-160785  02,626    PC  A03/MF  A01 

PB94-1 60793 

Review  of  Mathematical  Function  Library  for  Microsoft- 
FORTRAN.  John  Wiley  and  Sons,  1989. 
PB94-160793  01,679    PC  A03/MF  A01 

PB94-1 60801 

Cylinder  Wipe  Air-Drying  Intaglio  Ink  Vehicles  for  U.S.  Cur- 
rency Inks. 

PB94-160801  03,7  75    PC  A03/MF  A01 

PB94-160819 

Technical  Program  of  the  Factory  Automation  Systems  Divi- 
sion 1993. 

PB94-160819  02.805    PC  A03/MF  A01 

PB94-1 60835 

National  Type  Evaluation  Program:  Index  of  Device  Evalua- 
tions by  Company.  NCWM  Publication  5  Part  A  (Second 
Edition). 

PB94-160835  02.889    PC  A05/MF  A01 

PB94-1 60843 

Properties  and  Interactions  of  Oral  Structures  and  Restora- 
tive Materials.  Annual  Report  for  Period  October  1,  1990  to 
September  30,  1991. 

PB94-160843  03.558    PC  A06/MF  A01 

PB94-1 60850 

NVLAP  Procedures  U.S.  Code  of  Federal  Regulations.  Title 
15,  Subtitle  A,  Chapter  2.  Part  7.  (Effective  December  1984; 
Amended  September  1990). 

PB94-160850  02,627    PC  A03/MF  A01 

PB94-1 60868 

Issues  and  Recommendations  for  a  STEP  Application  Pro- 
tocol Framework.  National  PDES  Testbed. 
PB94-160868  02.770    PC  A05/MF  A01 

PB94-1 60876 

Summaries  of  Center  for  Fire  Research  In-House  Projects 
and  Grants:  1990. 

PB94-160876  00.286    PC  A10/MF  A03 

PB94-1 60975 

Journal  of  Physical  and  Chemical  Reference  Data,  Volume 
22,  No.  t,  January/February  1993. 
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PB94-213857 

Feasibility  of  Fire  Evacuation  by  Elevators  at  FAA  Control 
Towers. 

PB94-213857  04,844    PC  A06/MF  A02 

PB94-214756 

Information  Infrastructure:  Reaching  Society's  Goals.  Report 
of  the  Information  Infrastructure  Task  Force  Committee  on 
Applications  and  Technology. 

PB94-214756  07,469    PC  A08/MF  A02 

PB94-215670 

Highway  Concrete  (HWYCON)  Expert  System  User  Ref- 
erence and  Enhancement  Guide. 

PB94-215670  07.376    PC  A08/MF  A02 

PB94-215688 

Time  Dependent  Vector  Dynamic  Programming  Algorithm 
for  the  Path  Planning  Problem. 

PB94-215688  03,428    PC  A04/MF  A01 

PB94-215704 

Diffusion  of  Cations  Beneath  Organic  Coatings  on  Steel 
Substrate. 

PB94-2 1 5704  03. 1 7  9    PC  A03/M  F  A0 1 

PB94-215712 

Analytical  Estimation  of  Carrier  Multipath  Bias  on  GPS  Posi- 
tion Measurements. 

PB94-215712  04,845    PC  A04/MF  A01 

PB94-215746 

Head  Start  on  Assurance:  Proceedings  of  an  Invitational 
Workshop  on  Information  Technology  (IT)  Assurance  and 
Trustworthiness.  Held  in  Williamsburg,  Virginia  on  March 
21-23,  1994. 

PB94-215746  01.586    PC  A05/MF  A01 

PB94-216017 

Using  LORAN-C  Broadcasts  for  Automated  Frequency  Cali- 
brations. 

PB94-216017  01,526   Not  available  NTIS 

PB94-216025 

Structures  of  Vapor-Deposited  Yttria  and  Zirconia  Thin 
Films. 

PB94-216025  03,041    Not  available  NTIS 

PB94-216033 

Rapid  Decline  in  the  Optical  Emission  from  SN  1957D  in 
M83. 

PB94-216033  00,070    Not  available  NTIS 

PB94-216041 

Measurement  of  CO  Pressures  in  the  Ultrahigh  Vacuum 
Regime  Using  Resonance-Enhanced  Multiphoton-lonization 
Time-of-Flight  Mass  Spectroscopy. 

PB94-216041  03.864    Not  available  NTIS 

PB94-216058 

Spectroscopic  Puzzle  in  ArHF  Solved:  The  Test  of  a  New 
Potential. 

PB94-216058  00.850    Not  available  NTIS 

PB94-216066 

Ultra-High  Stability  Synthesizer  for  Diode  Laser  Pumped 
Rubidium. 

PB94-216066  01,527    Not  available  NTIS 

PB94-216074 

Heavily  Accumulated  Surfaces  of  Mercury  Cadmium  Tellu- 
ride  Detectors:  Theory  and  Experiment. 
PB94-216074  02,134    Not  available  NTIS 

PB94-216082 

Evolution  of  the  Flight  Telerobotic  Servicer. 
PB94-216082  04,832    Not  available  NTIS 

PB94-216090 

Effect  of  Three  Sterilization  Techniques  on  Finger  Pluggers. 
PB94-216090  00,150    Not  available  NTIS 

PB94-216108 

Modified  Leung-Griffiths  Model  of  Vapor-Liquid  Equilibrium: 
Extended  Scaling  and  Binary  Mixtures  of  Dissimilar  Fluids. 
PB94-216108  00,851    Not  available  NTIS 

PB94-216116 

Polarization  Analysis  of  the  Magnetic  Excitations  in  Invar 
and  Non-Invar  Amorphous  Alloys. 

PB94-216116  04,516    Not  available  NTIS 

PB94-216124 

Analytical  Method  of  Determining  the  Heat  Capacity  at  High 
Temperatures  from  the  Surface  Temperature  of  a  Cooling 
Sphere. 

PB94-216124  03,865    Not  available  NTIS 

PB94-216132 

Performance  Standards:  The  Pro's  and  Con's. 

PB94-216132  02,896    Not  available  NTIS 

PB94-216140 

Scattering  and  Absorption  Effects  in  Neutron  Beam  Activa- 
tion Analysis  Experiments. 

PB94-216140  00,557    Not  available  NTIS 

PB94-216157 

Effects  of  Target  Shape  and  Neutron  Scattering  on  Element 
Sensitivities  for  Neutron-Capture  Prompt  Gamma-ray  Acti- 
vation Analysis. 

PB94-216157  00,558    Not  available  NTIS 

PB94-216165 

Structure  of  Molecules  on  Surfaces  as  Determined  Using 
Electron-Stimulated  Desorption. 

PB94-216165  00,852    Not  available  NTIS 


PB94-216173 

Desorption  Induced  by  Electronic  Transitions. 
PB94-216173  00,953    Not  available  NTIS 

PB94-216181 
Sprinkler  Fire  Suppression  Algorithm. 

PB94-216181  00,293    Not  available  NTIS 

PB94-216199 

Thermophysical  Properties  of  C02  and  C02-Rich  Mixtures. 
PB94-216199  00.854    Not  available  NTIS 

PB94-216207 

Neutron  Scattering  Studies  of  Surfaces  and  Interfaces. 

PB94-216207  04.517    Not  available  NTIS 

PB94-216215 

Supermirror  Transmission  Polarizers  for  Neutrons. 

PB94-216215  03,866    Not  available  NTIS 

PB94-216223 

High-Resolution  Measurements  of  the  nu2  and  2nu2-nu2 
3ands  of  (34)S(16)02. 

PB94-216223  00.855    Not  available  NTIS 

PB94-216231 

FTS  Infrared  Measurements  of  the  Rotational  and  Vibra- 
tional Spectrum  of  LiH  and  LiD. 

PB94-216231  00.856    Not  available  NTIS 

PB94-216249 

Statistical  Analysis  of  Parameters  Affecting  the  Measure- 
ment of  Particle-Size  Distribution  of  Silicon  Nitride  Powders 
by  Sedigraph  (Trade  Name). 

PB94-216249  03.042    Not  available  NTIS 

PB94-216256 

Coating  of  Fibers  by  Colloidal  Techniques  in  Ceramic  Com- 
posites. 

PB94-216256  03,796  Not  available  NTIS 

PB94-216264 

Characterization  of  Phase  and  Surface  Composition  of  Sili- 
con Carbide  Platelets. 

PB94-216264  03.043    Not  available  NTIS 

PB94-216272 

Deposition  of  Colloidal  Sintering-Aid  Particles  on  Silicon 
Nitride. 

PB94-216272  03,044    Not  available  NTIS 

PB94-216280 

Integrated  Optic  Laser  Emitting  at  906,  1057,  and  1358  nm. 
PB94-216280  02,135    Not  available  NTIS 

PB94-216298 

Integrated  Optic  Laser  Emitting  at  905,  1057,  1356  nm. 
PB94-216298  02,136    Not  available  NTIS 

PB94-216306 
Models  and  Interactions. 

PB94-216306  02,647    Not  available  NTIS 

PB94-216314 

Crystal  Structure  of  Pb2Sr2YCu308+delta  with  delta=1.32, 
1.46.  1.61,  1.71,  by  Powder  Neutron  Diffraction. 
PB94-216314  04.518    Not  available  NTIS 

PB94-216322 
Hydrolysis  of  Proteins  by  Microwave  Energy. 
PB94-216322  03.528    Not  available  NTIS 

PB94-216330 

Ascorbic  and  Dehydroascorbic  Acids  Measured  in  Plasma 
Preserved  with  Dithiothreitol  or  Metaphorphoric  Acid. 
PB94-216330  03.495    Not  available  NTIS 

PB94-216348 

Study  of  Diffusion  Zones  with  Electron  Microprobe 
Compositional  Mapping. 

PB94-216348  00,559    Not  available  NTIS 

PB94-216355 

Paffenbarger  Research  Center:  The  Cutting  Edge  of  Dental 
Scisncs 

PB94-216355  00,757    Not  available  NTIS 

PB94-216363 

Energy  Transduction  between  a  Concentration  Gradient  and 
an  Alternating  Electric  Field. 

PB94-216363  03.461    Not  available  NTIS 

PB94-216371 
Self  Broadening  in  the  nu1  Band  of  NH3. 
PB94-216371  00.857    Not  available  NTIS 

PB94-216389 

Accurate  Experimental  Characterization  of  Interconnects:  A 
Discussion  of  'Experimental  Electrical  Characterization  of 
Interconnects  and  Discontinuities  in  High-Speed  Digital  Sys- 
tems'. 

PB94-216389  02,277    Not  available  NTIS 

PB94-216397 

Interconnection  Transmission  Line  Parameter  Characteriza- 
tion. 

PB94-216397  02,218    Not  available  NTIS 

PB94-216405 

Standards  in  Building  Economics:  Why  We  Need  Them  and 
How  to  Write  Them. 

PB94-216405  00.320    Not  available  NTIS 

PB94-216413 

High-Level  CAD  Melds  Micromachined  Devices  with  Found- 
ries. 

PB94-216413  02,321    Not  available  NTIS 

PB94-216421 
Lessons  Learned  by  a  Wing  Engineer. 
PB94-216421  00.429    Not  available  NTIS 


PB94-216439 

Atomic  Beam  Splitters  and  Mirrors  by  Adiabatic  Passage  in 
Multilevel  Systems. 

PB94-216439  03.867   Not  available  NTIS 

PB94-216447 

Non-Osmotic.  Defect-Controlled  Cathodic  Disbondment  of  a 
Coating  from  a  Steel  Substrate. 

PB94-216447  03,120    Not  available  NTIS 

PB94-216454 

Precision  and  Accuracy  in  Tandem  Mass  Spectrometry 
Measurements:  A  Kinetics-Based  Protocol  for  Instrument- 
Independent      Measurements      of  Collision-Activated 
Dissociation  in  RF-Only  Quadrupoles. 
PB94-216454  00,858    Not  available  NTIS 

PB94-216462 

Kinetics  and  Mechanism  of  the  Collision-Activated 
Dissociation  of  the  Acetone  Cation. 

PB94-216462  00,859    Not  available  NTIS 

PB94-216470 

Guarding  Against  Transients. 

PB94-216470  01.623   Not  available  NTIS 

PB94-216488 

Cascading  Surge-Protective  Devices:  Options  for  Effective 
Implementation. 

PB94-216488  02,464    Not  available  NTIS 

PB94-216496 

Coordinating  Cascaded  Surge-Protective  Devices:  An  Elu- 
sive Goal. 

PB94-216496  02,465   Not  available  NTIS 

PB94-216504 

Important  Link  in  Entire-House  Protection:  Surge  Reference 
Equalizers. 

PB94-2 16504  02,219    Not  available  NTIS 

PB94-216512 

Alternative  Single  Integral  Equation  for  Scattering  by  a  Di- 
electric. 

PB94-216512  04,422    Not  available  NTIS 

PB94-216520 

Determination  of  Surface  Roughness  from  Scattered  Light. 
PB94-2 16520  04,243    Not  available  NTIS 

PB94-216538 

Autocorrelation  Functions  from  Optical  Scattering  for  One- 
Dimensionally  Rough  Surfaces. 

PB94-2 16538  04.244    Not  available  NTIS 

PB94-216546 

Light  Scattered  by  Coated  Paper. 

PB94-216546  04,245  Not  available  NTIS 

PB94-216553 

Atomic  Theory  of  Fracture  of  Brittle  Materials:  Application  to 
Covalent  Semiconductors. 

PB94-216553  04,519    Not  available  NTIS 

PB94-216561 

Crystal  Structure  of  Dicalcium  Potassium  Trihydrogen 
Bis(pyrophosphate)  Trihydrate. 

PB94-216561  00.752    Not  available  NTIS 

PB94-216579 

Crystal  Structure  of  Calcium  Adipate  Monohydrate. 

PB94-216579  00,153    Not  available  NTIS 

PB94-216587 

Rapid  Hot  Pressing  of  Ultra-Fine  PSZ  Powders. 
PB94-216587  03,045   Not  available  NTIS 

PB94-216595 

Carbon  Acidities  of  Aromatic  Compounds.  1.  Effects  of  In- 
Ring  Aza  and  External  Electron-Withdrawing  Groups. 
PB94-216595  00,860    Not  available  NTIS 

PB94-216603 

Proton  Affinity  Ladders  from  Variable-Temperature  Equi- 
librium Measurements.  1.  A  Re-Evaluation  of  the  Upper 
Proton  Affinity  Range. 

PB94-216603  00,861    Not  available  NTIS 

PB94-216611 

Theoretical  Aspects  of  Tagged  Photon  Facilities. 

PB94-216611  03,868    Not  available  NTIS 

PB94-216629 

Characterization  of  Interface  Defects  in  Oxygen-Implanted 
Silicon  Films. 

PB94-216629  02.322    Not  available  NTIS 

PB94-216637 

Charge  Trapping  and  Breakdown  Mechanism  in  SIMOX. 
PB94-216637  02,323    Not  available  NTIS 

PB94-216645 

NIST-Coordinated  Standard  for  Fingerprint  Data  Inter- 
change. 

PB94-216645  01.808    Not  available  NTIS 

PB94-216652 

Determination  of  Complex  Scattering  Amplitudes  in  Low-En- 
ergy Elastic  Electron-Sodium  Scattering. 
PB94-216652  03.869    Not  available  NTIS 

PB94-216660 
Laser  Focusing  of  Atoms:  A  Particle  Optics  Approach. 
PB94-216660  03,870    Not  available  NTIS 

PB94-216678 

Simple,  Compact.  High-Purity  Cr  Evaporator  for  Ultrahigh 
Vacuum. 

PB94-216678  04,520    Not  available  NTIS 

PB94-216686 

Measurement  of  the  Heat  of  Fusion  of  Tungsten  by  a 
Microsecond-Resolution  Transient  Technique. 
PB94-216686  03,400    Not  available  NTIS 
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PB94-216694 

Recommended  Changes  in  ASTM  Tes!  Methods  D25 12-82 
and  G86-84  for  Oxygen-Compatibility  Mechanical  Impact 
Tests  on  Metals. 

PB94-216694  03,338    Not  available  NTIS 

PB94-216702 

Digital  Techniques  in  HV  Tests  -  Summary  of  1989  Panel 
Session. 

PB94-216702  02,035    Not  available  NTIS 

PB94-216710 

Bibliography  of  Computer  Security  Glossaries. 

PB94-216710  01,587    Not  available  NTIS 

PB94-216728 

Review  of  Cure  Monitoring  Techniques  for  On-Line  Process 
Control. 

PB94-216728  03,145    Not  available  NTIS 

PB94-216736 

Effect  of  Modulated  Taylor-Couette  Flows  on  Crystal-Melt 
Interfaces:  Theory  and  Initial  Experiments. 
PB94-216736  04,521    Not  available  NTIS 

PB94-216744 

Boundary  Integral  Method  for  the  Simulation  of  Two-Dimen- 
sional Particle  Coarsening. 

PB94-216744  03.411    Not  available  NTIS 

PB94-216751 

High-Resolution  IR  Laser-Driven  Vibrational  Dynamics  in 
Supersonic  Jets:  Weakly  Bound  Complexes  and 
Intramolecular  Energy  Flow. 

PB94-216751  00,862    Not  available  NTIS 

PB94-217023 

Videoconferencing  Procurement  and  Usage  Guide. 

PB94-217023  01,470    PC  A04/MF  A01 

PB94-217031 

Determination  of  the  Weight  Average  Molecular  Weight  of 
Two  Poly(Ethylene  Oxides),  SRM  1923  and  SRM  1924. 
PB94-217031  01,230    PC  A03/MF  A01 

PB94-217098 

Publications  of  the  Intelligent  Systems  Division  (Previously 
Robot  Systems  Division)  Covering  the  Period  January 
1971 -April  1994. 

PB94-217098  02.935    PC  A05/MF  A01 

PB94-217106 

NIST  Form-Based  Handprint  Recognition  System. 

PB94-217106  07,838    PC  A04/MF  A01 

PB94-217163 

Human  Factors  Considerations  for  the  Potential  Use  of  Ele- 
vators for  Fire  Evacuation  of  FAA  Air  Traffic  Control  Tow- 
ers. 

PB94-217163  01.300    PC  A03/MF  A01 

PB94-217486 

Hollow  Clay  Tile  Prism  Tests  for  Martin  Marietta  Energy 
Systems:  Task  2  Testing. 

PB94-217486  00,352    PC  A14/MF  A03 

PB94-218559 

Study  of  Heat  Pump  Performance  Using  Mixtures  of  R32/ 
R134a  and  R32/R125/R134a  as  'Drop-In'  Working  Fluids  for 
R22  with  and  Without  a  Liquid-Suction  Heat  Exchanger. 
PB94-218559  02.503    PC  A04/MF  A01 

PB94-218567 

NIST  Workshop  on  Nanostructured  Material  (1st):  Report  of 
an  Industrial  Workshop  Conducted  by  the  National  Institute 
of  Standards  and  Technology.  Held  in  Gaithersburg,  Mary- 
land on  May  14-15,  1992. 

PB94-218567  02,973    PC  A04/MF  A01 

PB94-218575 

Adaptive,  Predictive  2-D  Feature  Tracking  Algorithm  for 
Finding  the  Focus  of  Expansion. 

PB94-218575  01.588    PC  A03/MF  A01 

PB94-218583 

Survey  of  Recent  Cementitious  Materials  Research  in  West- 
ern Europe. 

PB94-218583  00,353    PC  A03/MF  A01 

PB94-218591 

RangeCAD  and  the  NIST  RCS  Uncertainty  Analysis. 
PB94-218591  01,870    PC  A03/MF  A01 

PB94-2190S2 

NIST  Research  Program  on  the  Seismic  Resistance  of  Par- 
tially-Grouted Masonry  Shear  Walls. 

PB94-219052  00,354    PC  A06/MF  A02 

PB94-219060 

National  Voluntary  Laboratory  Accreditation  Program:  En- 
ergy Efficient  Lighting  Products. 

PB94-219060  02,642    PC  A04/MF  A01 

PB94-219086 

Framework  for  Information  Technology  Integration  in  Proc- 
ess Plant  and  Related  Industries. 

PB94-219086  02,772    PC  A04/MF  A01 

PB94-219094 

ISDN  Conformance  Testing  Guidelines:  Guidelines  for 
Implementors  of  ISDN  Customer  Premises  Equipment  to 
Conform  to  Both  National  ISDN-1  and  North  American 
ISDN  Users'  Forum  Layer  3  Basic  Rate  Interface  Basic  Call 
Control  Abstract  Test  Suites. 

PB94-219094  07,477    PC  A03/MF  A01 

PB94-219102 

Analyzing  Electronic  Commerce. 

PB94-219102  00,480    PC  A03/MF  A01 

PB94-219110 

Industry/Government  Open  Systems  Specification  Testing 
Framework.  Version  1.0. 

PB94-219110  01,809    PC  A06/MF  A02 


PB94-219219 

Journal  of  Research  of  the  National  Institute  of  Standards 
and  Technology.  March/April  1994.  Volume  99.  Number  2. 
PB94-219219  02.000    PC  A06/MF  A02 

PB94-219227 

Sealed  Water  Calorimeter  for  Measuring  Absorbed  Dose. 
PB94-219227  03,517 
(Order  as  PB94-219219,  PC  A06/MF  A02) 

PB94-219235 

Planar  Near-Field  Measurements  of  Low-Sidelobe  Anten- 
nas. 

PB94-219235  02,007 
(Order  as  PB94-219219,  PC  A06/MF  A02) 

PB94-219243 

Physics  Required  for  Prediction  of  Long  Term  Performance 
of  Polymers  and  Their  Composites. 

PB94-2 19243  03,746 
(Order  as  PB94-219219,  PC  A06/MF  A02) 

PB94-219250 

Measurement  and  Uncertainty  of  a  Calibration  Standard  for 
the  Scanning  Electron  Microscope. 

PB94-219250  00,560 
(Order  as  PB94-219219,  PC  A06/MF  A02) 

PB94-219268 

New  Values  for  Silicon  Reference  Materials,  Certified  for 
Isotope  Abundance  Ratios.  Letter  to  the  Editor. 
PB94-219268  00,863 
(Order  as  PB94-219219,  PC  A06/MF  A02) 

PB94-219326 

Journal  of  Research  of  the  National  Institute  of  Standards 
and  Technology.  May/June  1994.  Volume  99,  Number  3. 
PB94-219326  02,643    PC  A05/MF  A02 

PB94-219334 

Sources  of  Uncertainty  in  a  DVM-Based  Measurement  Sys- 
tem for  a  Quantized  Hall  Resistance  Standard. 
PB94-219334  07,884 
(Order  as  PB94-219326,  PC  A05/MF  A02) 

PB94-219342 

dc  Method  for  the  Absolute  Determination  of  Conductivities 
of  the  Primary  Standard  KCI  Solutions  from  0C  to  50C. 
PB94-2 19342  02,644 
(Order  as  PB94-219326,  PC  A05/MF  A02) 

PB94-219359 

Three-Axis  Coil  Probe  Dimensions  and  Uncertainties  during 
Measurement  of  Magnetic  Fields  from  Appliances. 
PB94-219359  01,885 
(Order  as  PB94-219326,  PC  A05/MF  A02) 

PB94-219367 

Improved  Automated  Current  Control  for  Standard  Lamps. 
PB94-2 19367  00.246 
(Order  as  PB94-219326,  PC  A05/MF  A02) 

PB94-219375 

Refractive  Indices  of  Fluids  Related  to  Alternative  Refrig- 
srsnts 

PB94-2 19375  03,260 
(Order  as  PB94-219326,  PC  A05/MF  A02) 

PB94-219383 

Theoretical  Analysis  of  the  Coherence-Induced  Spectral 
Shift  Experiments  of  Kandpal,  Vaishya,  and  Joshi. 
PB94-2 19383  00,561 
(Order  as  PB94-219326,  PC  A05/MF  A02) 

PB94-219391 

Comments  on  the  Paper  Wolf  Shifts  and  Their  Physical  In- 
terpretation under  Laboratory  Conditions'. 
PB94-219391  04,246 
(Order  as  PB94-2 19326,  PC  A05/MF  A02) 

PB94-219409 

Reply  to  Professor  Wolf's  Comments  on  My  Paper  on  Wolf 
Shifts. 

PB94-2 19409  04,247 
(Order  as  PB94-219326,  PC  A05/MF  A02) 

PB94-500691 

FORTRAN  Compiler  Validation  System,  Version  2.1. 
PB94-500691  01.698    CP  T99 

PB94-501988 

HAZARD  I  Fire  Hazard  Assessment  Method  (Version  1.2) 
(for  Microcomputers). 

PB94-501988  00.196    Diskette  $250.00 

PB94-501996 

HAZARD  I  Fire  Hazard  Assessment  Method,  Version  1.2 
(Upgrade  Package)  (for  Microcomputers). 
PB94-501996  00,797    CP  D99 

PB94-502077 

M  (also  known  as  MUMPS)  Validation  Test  Suite,  Version 
8.3  (for  Microcomputers). 

PB94-502077  07,699    Diskette  $250.00 

PB94-780129 

Polymer  Composites  Workshop.  Held  in  Winona,  Minnesota 
on  April  29-30,  1992  (Video). 

PB94-780129  03,147    AV  E99 

PB94-937300 

Validated  Products  List  (Cobol,  Fortran,  ADA,  Pascal, 
MUMPS,  SQL). 

PB94-937300  01.700    Standing  Order 

PB94-962000 

CALS-Automated  Interchange  of  Technical  Information. 
PB94-962000  03,657    Standing  Order 


PB94-962100 

CALS-Digital  Representation  for  Communication  of  Product 
Data:  IGES  Application  Subsets. 

PB94-962100  03.658    Standing  Order 

PB94-962200 

CALS-Markup  Requirements  and  Generic  Style  Specifica- 
tions for  Electronic  Printed  Output  and  Exchange  of  Text. 
PB94- 962200  03,659    Standing  Order 

PB94-962300 

CALS-Raster  Graphics  Representation  Binary  Format  Re- 
quirements. 

PB94-962300  03.660    Standing  Order 

PB94-962400 

CALS-Digital  Representation  for  Communication  of  Illustra- 
tion Date:  CGM  Application  Profile. 

PB94-962400  03.661    Standing  Order 

PB94-962500 

CALS-Department  of  Defense  Computer  Aided  Acquisition 
Logistic  Support  (CALS). 

PB94-962500  03.662    Standing  Order 

PB94-962600 

CALS-Contractor  Integrated  Technical  Information  Service 
(OTIS),  Functional  Requirements. 

PB94-962600  03,663    Standing  Order 

PB95-1 00368 

NIOSH  Pocket  Guide  to  Chemical  Hazards. 
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Issues  Concerning  Material  Removal  Shape  Element  Vol- 
umes (MRSEVs). 

PB95-210167  02,885    PC  A03/MF  A01 

PB95-210225 

NIST  Workshop  on  Gas  Sensors:  Strategies  for  Future 
Technologies.    Proceedings   of   a   Workshop.    Held  in 
Gaithersburg,  Maryland  on  September  8-9,  1993. 
PB95-210225  00,507    PC  A08/MF  A02 

PB95-210480 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Progress  Bulletin  Covering  Laboratory  Programs  January 
to  March  1992,  with  1992/1993  EEEL  Events  Calendar 
PB95-210480  07,977    PC  A03/MF  A01 


PB95-210498 

Room-Temperature  Flexure  Fixture  for  Advanced  Ceramics. 
PB95-210498  03,061    PC  A03/MF  A01 

PB95-210522 

Calculating  Time-to-Contact  Using  Real-Time  Quantized 
Optical  Flow. 

PB95-210522  01,604    PC  A03/MF  A01 

PB95-210589 

Interim  Testing  Artifact  (ITA):  A  Performance  Evaluation 
System  for  Coordinate  Measuring  Machines  (CMMs).  User 
Manual. 

PB95-210589  02,914    PC  A04/MF  A01 

PB95-210928 

Assessment  of  Site  Response  Analysis  Procedures. 

PB95-2 10928  00,450    PC  A07/MF  A02 

PB95-210936 

Electronic  Implementors'  Workshop. 

PB95-210936  07,484    PC  A03/MF  A01 

PB95-210944 

Measurements  of  Outdoor  Air  Distribution  in  an  Office  Build- 
ing. 

PB95-210944  00,264    PC  A04/MF  A01 

PB95-211918 

Survey  of  Steel  Moment-Resisting  Frame  Buildings  Affected 
by  the  1994  Northridge  Earthquake. 

PB95-211918  00,451    PC  A09/MF  A02 

PB95-213583 

Boundary  Lubrication  of  Silicon  Nitride. 

PB95-213583  03,226    PC  A18/MF  A04 

PB95-216602 

Self  Monitoring  Accounting  Systems. 

PB95-216602  00,007    PC  A03/MF  A01 

PB95-216883 

Overview  of  the  Text  REtrieval  Conference  (3rd)  (TREC-3). 
Held  in  Gaithersburg,  Maryland  on  November  2-4,  1994. 
PB95-216883  01,728    PC  A25/MF  A06 

PB95-216891 

White  Papers  Prepared  for  the  White  House:  Construction 
Industry  Workshop  on  National  Construction  Goals.  Held  on 
December  14-16,  1994. 

PB95-216891  07,299    PC  A08/MF  A02 

PB95-216917 

Theoretical  Evaluation  of  the  Vapor  Compression  Cycle  with 
a  Liquid-Line/Suction-Line  Heat  Exchanger,  Economizer, 
and  Ejector. 

PB95-216917  02,607    PC  A03/MF  A01 

PB95-216925 

Polarimetric  Calibration  of  Reciprocal-Antenna  Radars. 
PB95-216925  01,872    PC  A03/MF  A01 

PB95-216990 

Burning  Rate  and  Flame  Heat  Flux  For  PMMA  in  the  Cone 
Calorimeter. 

PB95-216990  00,393    PC  A07/MF  A02 

PB95-217097 

Japan  Technology  Program  Assessment.  Simulation:  State- 
of  the-Art  in  Japan. 

PB95-217097  02,827    PC  A03/MF  A01 

PB95-217147 

Water  Droplet  Evaporation  from  Radiantly  Heated  Solids. 
PB95-217147  00,394    PC  A08/MF  A02 

PB95-217162 

Compartment  Fire  Combustion  Dynamics.  Annual  Report, 
September  1,  1993-September  1,  1994. 
PB95-217162  00,203    PC  A04/MF  A01 

PB95-219218 

Electronic  Access:  Blueprint  for  the  National  Archives  and 
Records  Administration. 

PB95-219218  02.731    PC  A04/MF  A01 

PB95-219325 

Network  Brokers  Handbook:  An  Entrepreneurial  Guide  to 
Cooperative  Strategies  for  Manufacturing  Competitiveness. 
PB95-219325  00,490    PC  A08/MF  A02 

PB95-219416 

Extreme  Wind  Distribution  Tails:  A  'Peaks  Over  Threshold' 
Approach. 

PB95-219416  00,127    PC  A05/MF  A01 

PB95-220414 

Outline  of  a  Multiple  Dimensional  Reference  Model  Archi- 
tecture and  a  Knowledge  Engineering  Methodology  for  Intel- 
ligent Systems  Control. 

PB95-220414  03,703    PC  A03/MF  A01 

PB95-220422 

Computer  Simulations  of  Airflow  and  Radon  Transport  in 
Four  Large  Buildings. 

PB95-220422  02,557    PC  A03/MF  A01 

PB95-220430 

NIST  Reactor:  Summary  of  Activities,  October  1993  through 
September  1994. 

PB95-220430  04, 700    PC  A09/MF  A02 

PB95-220448 

Prediction  of  Cracking  in  Reinforced  Concrete  Structures. 
PB95-220448  03.725    PC  A04/MF  A01 

PB95-220455 

Testing  of  Selected  Self-Leveling  Compounds  for  Floors. 
PB95-220455  00,395    PC  A03/MF  A01 

PB95-220463 

Time  and  Frequency:  Bibliography  of  NIST  Publications, 
March  1995. 

PB95-220463  07,546    PC  A06/MF  A02 


PB95-220471 

Extreme  Wind  Estimates  by  the  Conditional  Mean 
Exceedance  Procedure. 

PB95-220471  00,120    PC  A03/MF  A01 

PB95-220489 

Survey  of  Concrete  Transport  Properties  and  Their  Meas- 
urement. 

PB95-220489  00,396    PC  A04/MF  A01 

PB95-220497 

Compositional  Analysis  of  Beneficiated  Fly  Ashes. 

PB95-220497  00,397    PC  A03/MF  A01 

PB95-220505 

Texture-Independent  Vision-Based  Closed-Loop  Fuzzy  Con- 
trollers for  Navigation  Tasks. 

PB95-220505  00,183    PC  A03/MF  A01 

PB95-220513 

ISO  Environmental  Management  Standardization  Efforts. 
PB95-220513  02.524    PC  A03/MF  A01 

PB95-220521 

Performance  Testing  of  a  Family  of  Type  I  Combination  Ap- 
pliance. 

PB95-220521  02,505    PC  A03/MF  A01 

PB95-220539 

Tables  of  X-ray  Mass  Attenuation  Coefficients  and  Mass 
Energy-Absorption  Coefficients  1  keV  to  20  MeV  for  Ele- 
ments Z  =  1  to  92  and  48  Additional  Substances  of 
Dosimetric  Interest. 

PB95-220539  04,013    PC  A06/MF  A02 

PB95-220547 

Evaluation  of  Thermal  Wave  Imaging  for  Detection  of  Ma- 
chining Damage  in  Ceramics. 

PB95-220547  03,062    PC  A05/MF  A02 

PB95-220554 

Analysis  of  ANSI  ASC  X12  and  UN/EDIFACT  Electronic 
Data  Interchange  (EDI)  Standards. 

PB95-220554  01,729    PC  A03/MF  A01 

PB95-220588 

Persistent  Object  Base  System  Testing  and  Evaluation. 
PB95-220588  07,730    PC  A05/MF  A01 

PB95-226684 

Building  and  Fire  Research  Laboratory  Publications,  1994. 
PB95-226684  00.398    PC  A07/MF  A02 

PB95-226692 

Guide  for  the  Use  of  the  International  System  of  Units  (SI). 
PB95-226692  02,747    PC  A05/MF  A01 

PB95-226866 

Standard  Reference  Materials:  Polystyrene  Films  for  Cali- 
brating the  Wavelength  Scale  of  Infrared 
Spectrophotometers  -  SRM  1921. 

PB95-226866  03,386    PC  A03/MF  A01 

PB95-226916 

Laser  Doppler  Velocimeter  Studies  of  the  Pipeflow  Pro- 
duced by  a  Generic  Header. 

PB95-226916  02,602    PC  A05/MF  A01 

PB95-231585 

Behavior  of  Mock-Ups  in  the  California  Technical  Bulletin 
133  Test  Protocol:  Fabric  and  Barrier  Effects. 
PB95-231585  00,301    PC  A05/MF  A01 

PB95-231593 

4SIGHT  Manual:  A  Computer  Program  for  Modelling  Deg- 
radation of  Underground  Low  Level  Waste  Concrete  Vaults. 
PB95-231593  03,726    PC  A05/MF  A01 

PB95-231601 

Enhancements  to  Program  IDARC:  Modeling  Inelastic  Be- 
havior of  Welded  Connections  in  Steel  Moment-Resisting 
Frames. 

PB95-231601  00,452    PC  A05/MF  A01 

PB95-231700 

Carbon  Monoxide  Production  in  Compartment  Fires:  Re- 
duced-Scale Enclosure  Test  Facility. 

PB95-231700  01,394    PC  A10/MF  A03 

PB95-231726 

Introduction  to  the  P1003.1g  and  CPI-C  Network  Application 
Programming  Interlaces. 

PB95-231726  07,737    PC  A03/MF  A01 

PB95-231775 

Performance  of  Federal  Buildings  in  the  January  17,  1994 
Northridge  Earthquake. 

PB95-231775  00.453    PC  A03/MF  A01 

PB95-231783 

Operating  Principles  of  the  SBus  MultiKron  Interface  Board. 
PB95-231783  01.630    PC  A03/MF  A01 

PB95-231817 

Suppression  of  High  Speed  Turbulent  Flames  in  a  Detona- 
tion/Deflagration Tube. 

PB95-231817  01.395    PC  A04/MF  A01 

PB95-231833 

Algorithm  Testing  and  Evaluation  Program  for  Coordinate 
Measuring  Systems:  Long  Range  Plan. 
PB95-231833  02.915    PC  A03/MF  A01 

PB95-231841 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Publication  Announcements  Covering  Laboratory  Programs, 
October  to  December  1994  with  1995  EEEL  Events  Cal- 
endar. 

PB95-231841  07,978    PC  A03/MF  A01 

PB95-231858 

Comparison  of  the  Seismic  Provisions  of  Model  Building 
Codes  and  Standards  to  the  1991  NEHRP  Recommended 
Provisions. 

PB95-231858  00,315    PC  A05/MF  A02 
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PB95-231866 

Conceptual  Design  Plan  for  the  National  Advanced  Manu- 
facturing Testbed. 

PB95-231866  02,828    PC  A05/MF  A01 

PB95-231882 

Standards  Policy  and  Information  Infrastructure. 

PB95-231882  01.485    PC  A20/MF  A04 

PB95-231908 

Guidelines  for  the  Evaluation  of  X.500  Directory  Products. 
PB95-231908  02,732    PC  A04/MF  A01 

PB95-232518 

NIST  Standard  Reference  Materials  (Trade  Name)  Catalog 
1995-1996. 

PB95-232518  00,508    PC  A03/MF  A01 

PB95-232633 

Abstract  and  Index  Collection  in  the  Research  Information 
Center  of  the  National  Institute  of  Standards  and  Tech- 
nology. 

PB95-232633  02,74  7    PC  A03/MF  A01 

PB95-242277 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Publication  Announcements  Covering  Laboratory  Programs. 
January  to  March  1995  with  1995  EEEI  Events  Calendar. 
PB95-242277  02,373    PC  A03/MF  A01 

PB95-242285 

Operating  Procedures  and  Life  Cycle  Documentation  for  the 
Initial  Graphics  Exchange  Specification. 
PB95-242285  02,782    PC  A04/MF  A01 

PB95-242293 
ISO  TC  184/SC4  Reference  Manual. 

PB95-242293  02,663    PC  A04/MF  A01 

PB95-242301 

Precision  in  Machining:  Research  Challenges. 

PB95-242301  02,953    PC  A04/MF  A01 

PB95-242319 

CSTL  Technical  Activities,  1994. 

PB95-242319  00,608    PC  A16/MF  A03 

PB95-242327 

Mixing  and  Radiation  Properties  of  Buoyant  Turbulent  Diffu- 
sion Flames. 

PB95-242327  01,396    PC  A05/MF  A02 

PB95-242335 

Parallel  and  Serial  Implementations  of  SLI  Arithmetic. 
PB95-242335  01,732    PC  A03/MF  A01 

PB95-242350 

Unified  Telerobotic  Architecture  Project  (UTAP)  Standard 
Interface  Environment  (SIE),  May  1995. 
PB95-242350  02,938    PC  A09/MF  A02 

PB95-242368 

Fracture  Testing  of  Large-Scale  Thin-Sheet  Aluminum  Alloy. 
PB95-242368  00,024    PC  A03/MF  A01 

PB95-242376 

National  Voluntary  Laboratory  Accreditation  Program:  Elec- 
tromagnetic Compatibility  and  Telecommunications.  FCC 
Methods. 

PB95-242376  02,664    PC  A06/MF  A02 

PB95-242384 

DETAN  95:  Computer  Code  for  Calculating  Spectrum-Aver- 
aged Cross  Sections  and  Detector  Responses  in  Neutron 
Spectra. 

PB95-242384  04,074    PC  A04/MF  A01 

PB95-242400 

Measuring  Long  Gage  Blocks  with  the  NIST  Line  Scale  In- 
terferometer. 

PB95-242400  02.665    PC  A03/MF  A01 

PB95-242418 

Testability  of  Object-Oriented  Systems. 

PB95-242418  01.733    PC  A05/MF  A01 

PB95-251617 

Water-Vapor  Measurements  of  Low-Slope  Roofing  Mate- 
rials. 

PB95-251617  00,399    PC  A03/MF  A01 

PB95-251625 

SF6  Insulation:  Possible  Greenhouse  Problems  and  Solu- 
tions. 

PB95-251625  02.269    PC  A03/MF  A01 

PB95-251633 

Submarine  Automation:  Demonstration  No.  5. 

PB95-251633  03.748    PC  A03/MF  A01 

PB95-251641 

Study  of  Potential  Applications  of  Automation  and  Robotics 
Technology  in  Construction,  Maintenance  and  Operation  of 
Highway  Systems:  A  Final  Report.  Volume  4. 
PB95-251641  07,340    PC  A06/MF  A02 

PB95-251658 

Algorithm  Testing  and  Evaluation  Program  for  Coordinate 
Measuring  Systems:  Testing  Methods. 

PB95-251658  02,666    PC  A03/MF  A01 

PB95-251666 

User's  Guide  for  the  Algorithm  Testing  System  Version  2.0. 
PB95-251666  02,976    PC  A03/MF  A01 

PB95-251674 

Center  for  High  Integrity  Software  System  Assurance:  Initial 
Goals  and  Activities. 

PB95-251674  01.734    PC  A03/MF  A01 

PB95-251682 

Study  of  Potential  Applications  of  Automation  and  Robotics 
Technology  in  Construction,  Maintenance  and  Operation  of 
Highway  Systems:  A  Final  Report.  Volume  1. 
PB95-251682  07,347    PC  A06/MF  A02 


02,667    PC  A08/MF  A02 


PB95-251690 

Study  of  Potential  Applications  of  Automation  and  Robotics 
Technology  in  Construction,  Maintenance  and  Operation  of 
Highway  Systems:  A  Final  Report.  Volume  3. 
PB95-25 1 690  01.342    PC  A 1 5/M  F  A03 

PB95-251708 

Information  Technologies  Make  Business  Sense  for  the 

Custom  Therapeutic  Footwear  Industry. 

PB95-251708  02,829    PC  A03/MF  A01 

PB95-251716 

Gage  Block  Handbook. 

PB95-251716 
PB95-251724 

Method  and  Evaluation  of  Character  Stroke  Preservation  on 
Handprint  Recognition. 

PB95-251724   "  01,850    PC  A03/MF  A01 

PB95-251732 

Standard  Reference  Material  1744:  Aluminum  Freezing- 
Point  Standard. 

PB95-251732  01.055    PC  A03/MF  A01 

PB95-253563 

Product  Models  and  Virtual  Prototypes  in  Mechanical  Engi- 
neering. 

PB95-253563  02,783    PC  A03/MF  A01 

PB95-253571 

Advanced  Mass  Calibration  and  Measurement  Assurance 
Program  for  State  Calibration  Laboratories. 
PB95-253571  02,492    PC  A03/MF  A01 

PB95-253589 

Determination  of  the  Residual  Stresses  Near  the  Ends  of 
Skip  Welds  Using  Neutron  Diffraction  and  X-ray  Diffraction 
Procedures. 

PB95-253589  02,868    PC  A03/MF  A01 

PB95-253597 

Least-Cost  Energy  Decisions  for  Buildings.  Part  3.  Choos- 
ing Economic  Evaluation  Methods.  Video  Training  Work- 
book. 

PB95-253597  00,265    PC  A04/MF  A01 

PB95-253605 

International  Green  Building  Conference  and  Exposition 
(2nd).  Held  in  Big  Sky,  Montana  on  August  13-15,  1995. 
PB95-253605  02,525    PC  A04/MF  A01 

PB95-254439 

Materials  Science  and  Engineering  Laboratory  Annual  Re- 
port, December  1993. 

PB95-254439  02,668    PC  A03/MF  A01 

PB95-255204 

Proceedings  of  the  Applied  Diamond  Conference  1995:  Ap- 
plications of  Diamond  Films  and  Related  Materials  Inter- 
national Conference  (3rd).  Held  in  Gaithersburg,  Maryland, 
on  August  21-24,  1995. 

PB95-255204    .  04,701    PC  A99/MF  E1 1 

PB95-255824 

Simple  Method  of  Composition  Shitting  with  a  Distillation 
Column  for  a  Heat  Pump  Employing  a  Zeotropic  Refrigerant 
Mixture. 

PB95-255824  02,603    PC  A03/MF  A01 

PB95-255832 

Integrated  Vision  Touch-Probe  System  for  Dimensional  In- 
spection Tasks. 

PB95-255832  02,977    PC  A03/MF  A01 

PB95-255840 

NIST  SRM  9983  High-Rigidity  Ball-Bar  Stand.  User  Manual. 
PB95-255840  02,669    PC  A03/MF  A01 

PB95-255865 

Study  of  Potential  Applications  of  Automation  and  Robotics 
Technology  in  Construction,  Maintenance  and  Operation  of 
Highway  Systems:  A  Final  Report.  Volume  2. 
PB95-255865  01,343    PC  A19/MF  A04 

PB95-255881 

Proceedings  of  the  Meeting  of  the  Intergovernmental  U.S.- 
Russian Business  Development  Committee's  Standard 
Working  Group  (4th).  Held  in  New  York  City,  New  York  on 
March  27-29,  1995  and  in  Northbrook,  Illinois  on  March  30- 
31  1995 

PB95-255881  00,496    PC  A1 1/MF  A03 

PB95-255899 

New  Mass  Transport  Elements  and  Components  for  the 
NIST  IAQ  Model. 

PB95-255899  02,558    PC  A05/MF  A01 

PB95-255923 

Reproducibility  of  the  Temperature  of  the  Ice  Point  in  Rou- 
tine Measurements. 

PB95-255923  04,015    PC  A03/MF  A01 

PB95-256053 

Applications  of  Diamond  Films  and  Related  Materials:  Inter- 
national Conference  (3rd).  Held  in  Gaithersburg,  Maryland 
on  August  21-24,  1995.  Supplement  to  NIST  Special  Publi- 
cation 885. 

PB95-256053  03,063    PC  A04/MF  A01 

PB95-256335 

Sliding  Vane  Flow  Conditioner  Tests  in  a  100  Diameter 
Long  10  inch  Natural  Gas  Orifice  Meter  at  Pacific  Gas  and 
Electric.  Topical  Report,  1990-1992. 

PB95-256335  02,493    PC  A04/MF  A01 

PB95-260618 

Thermochemical  and  Chemical  Kinetic  Data  for  Fluorinated 
Hydrocarbons. 

PB95-260618  01,056    PC  A09/MF  A02 


PB95-260725 

Strengthening  Methodology  for  Lightly  Reinforced  Concrete 
Frames:  Recommended  Design  Guidelines  for  Strengthen- 
ing with  Infill  Walls. 

PB95-260725  00,454    PC  A04/MF  A01 

PB95-260758 

45  deg/0  deg  Reflectance  Factors  of  Pressed  Polytetra- 
fluoroethylene  (PTFE)  Powder. 

PB95-260758  04,328    PC  A06/MF  A02 

PB95-260766 

Semiconductor  Measurement  Technology:  HOTPAC.  Pro- 
grams for  Thermal  Analysis  Including  Version  3.0  of  the 
TXYZ  Program,  TXYZ30.  and  the  Thermal  MultiLayer  Pro- 
gram, TML. 

PB95-260766  02,374    PC  A05/MF  A01 

PB95-260808 

NIST  Standard  Reference  Data  Products  Catalog,  1995-96. 
Achieve  with  Standard  Reference  Data. 
PB95-260808  01,057    PC  A03/MF  A01 

PB95-260816 

Long-Term  Performance  of  Engineered  Concrete  Barriers. 
PB95-260816  03,727    PC  A03/MF  A01 

PB95-261897 

Journal  of  Research  of  the  National  Institute  of  Standards 
and  Technology,  May/June  1995.  Volume  100,  Number  3. 
PB95-261897  02,670    PC  A07/MF  A02 

PB95-261905 

Determining  the  Magnetic  Properties  of  1  kg  Mass  Stand- 
ards. 

PB95-261905  04,016 
(Order  as  PB95-261897,  PC  A07/MF  A02) 

PB95-261913 

Intercomparison  of  Photometric  Units  Maintained  at  NIST 
(USA)  and  PTB  (Germany),  1993. 

PB95-261913  04,329 
(Order  as  PB95-261897,  PC  A07/MF  A02) 

PB95-261921 

Determination  of  the  Transmittance  Uniformity  of  Optical  Fil- 
ter Standard  Reference  Materials. 

PB95-261921  02,182 
(Order  as  PB95-261897,  PC  A07/MF  A02) 

PB95-261939 

Low-Frequency  Model  for  Radio-Frequency  Absorbers. 
PB95-261939  04.424 
(Order  as  PB95-261897,  PC  A07/MF  A02) 

PB95-261947 

Using  Quantized  Breakdown  Voltage  Signals  to  Determine 
the  Maximum  Electric  Fields  in  a  Quantum  Hall  Effect  Sam- 
ple. 

PB95-261947  02,375 
(Order  as  PB95-261897,  PC  A07/MF  A02) 

PB95-261954 

High  Accuracy  Measurement  of  Aperture  Area  Relative  to  a 
Standard  Known  Aperture. 

PB95-261954  07,979 
(Order  as  PB95-261897,  PC  A07/MF  A02) 

PB95-261962 

New  IUPAC  Guidelines  for  the  Reporting  of  Stable  Hydro- 
gen, Carbon,  and  Oxygen  Isotope-Ratio  Data.  Letter  to  the 
Editor. 

PB95-261962  01,058 
(Order  as  PB95-261897,  PC  A07/MF  A02) 

PB95-267779 

NIOSH  Comments  to  DOL  on  Risk  Estimates  from  the  Cad- 
mium Cohort  Study  by  L.  Stayner,  February  7,  1992. 
PB95-267779  03,604    PC  A02/MF  A01 

PB95-267803 

Improving  Neural  Network  Performance  for  Character  and 
Fingerprint  Classification  by  Altering  Network  Dynamics. 
PB95-267803  07,857    PC  A03/MF  A01 

PB95-267829 
Expression  Formatter  for  MACSYMA. 

PB95-267829  01,735    PC  A03/MF  A01 

PB95-267845 

Effect  of  Training  Dynamics  on  Neural  Network  Perform- 
ance. 

PB95-267845  01,852    PC  A03/MF  A01 

PB95-267860 

Design  Engineering  Research  at  NIST. 

PB95-267860  02,784    PC  A03/MF  A01 

PB95-267886 

Unravel:  A  CASE  Tool  to  Assist  Evaluation  of  High  Integrity 
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PB96-201108  02,447    Not  available  NTIS 

PB96-201116 

Low  Heat-Flux  Measurements:  Some  Precautions. 

PB96-201116  02,685    Not  available  NTIS 

PB96-201124 

Precise  Laser-Based  Measurements  of  Zero-Dispersion 
Wavelength  in  Single-Mode  Fibers. 

PB96-201124  07,57  7    Not  available  NTIS 

PB96-201132 

New  Physics-Based  Model  for  Time-Dependent-  Dielectric- 
Breakdown. 

PB96-201132  02,448    Not  available  NTIS 

PB96-201140 

In  vitro  Inhibition  of  Membrane-Mediated  Calcification  by 
Novel  Phosphonates. 

PB96-201140  03,595    Not  available  NTIS 

PB96-201157 

Ultrasonic  NDE  of  Sprayed  Ceramic  Coatings. 
PB96-201157  02,767    Not  available  NTIS 

PB96-201165 

Electronically  Tunable  Fiber  Laser  for  Optical  Pumping  of 
(3)He  and  (4)He. 

PB96-201165  04,387    Not  available  NTIS 

PB96-201173 

Spin-Dependent  Interface  Transmission  and  Reflection  in 
Magnetic  Multilayers  (Invited). 

PB96-201173  04.130    Not  available  NTIS 

PB96-201181 

NMR  Characterization  of  Injection-Moulded  Alumina  Green 

Compacts.  Part  2.  T2-Weighted  Proton  Imaging. 

PB96-201181  07,765    Not  available  NTIS 

PB96-201199 

Vapor  Pressure  of  Pentafluorodimethyl  Ether. 

PB96-201199  00,677    Not  available  NTIS 

PB96-201207 

Vibrational^  Resolved  Photoelectron  Angular  Distributions 
and  Branching  Ratios  for  the  Carbon  Dioxide  Molecule  in 
the  Wavelength  Region  685-795  Angstrom. 
PB96-201207  04,737    Not  available  NTIS 

PB96-202122 

Developing  Quality  System  Documentation  Based  on  ANSI/ 
NCSL  Z540-1-1994:  The  Optical  Technology  Division's  Ef- 
fort. 

PB96-202122  07,669    PC  A05/MF  A01 

PB96-202221 

Benefits  and  Costs  of  Research:  Two  Case  Studies  in 
Building  Technology. 

PB96-202221  00.230    PC  A07/MF  A02 

PB96-202239 

NIST  Construction  Automation  Program  Report  No.  2.  Pro- 
ceedings of  the  NIST  Construction  Automation  Workshop. 
Held  in  Gaithersburg,  Maryland  on  March  30-31,  1995. 
PB96-202239  00.413    PC  A09/MF  A02 

PB96-202247 

Enhancement  of  EX1T89  and  Analysis  of  World  Trade  Cen- 
ter Data. 

PB96-202247  00,231    PC  A04/MF  A01 

PB96-202254 

Mixing  and  Radiation  Properties  of  Buoyant  Luminous 
Flame  Environments. 

PB96-202254  07,432    PC  A06/MF  A01 

PB96-202288 

Benefits  and  Costs  of  Research:  A  Case  Study  of  the  Fire 
Safety  Evaluation  System. 

PB96-202288  00,232    PC  A06/MF  A01 

PB96-202296 

Development  of  a  Method  for  Measuring  Water-Stripping 

Resistance  of  Asphalt/Siliceous  Aggregate  Mixtures. 

PB96-202296  01,329    PC  A09/MF  A02 

PB96-202304 

Sparse  Water  Sprays  in  Fire  Protection. 

PB96-202304  01,433    PC  A13/MF  A03 

PB96-202320 

Application  Protocol  Information  Base  World  Wide  Web 
Gateway. 

PB96-202320  02,797    PC  A03/MF  A01 

PB96-202338 

Measurement  of  Rheological  Properties  of  High  Perform- 
ance Concrete:  State  of  the  Art  Report. 
PB96-202338  00,414    PC  A04/MF  A01 

PB96-202346 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Publication  Announcements  Covering  Laboratory  Programs, 
October  to  December  1995.  with  1996  EEEL  Events  Cal- 
endar. 

PB96-202346  01,978    PC  A04/MF  A01 

PB96-202353 

Economics  of  New-Technology  Materials:  A  Case  Study  of 
FRP  Bridge  Decking. 

PB96-202353  01,349    PC  A06/MF  A01 

PB96-202452 

Lake  Erie  Water  Temperature  Data,  Put-in-Bay,  Ohio,  1918- 
1992. 

PB96-202452  03,692    PC  A04/MF  A01 


PB96-204011 

Enthalpy  Increment  Measurements  from  4.5  to  318  K  for 
Bismuth(cr).  Thermodynamic  Properties  from  0  K  to  the 
Melting  Point. 

PB96-204011  07,766    Not  available  NTIS 

PB96-204029 

Enthalpy  Increment  Measurements  from  4.5  to  350  K  and 
the  Thermodynamic  Properties  of  Titanium  Disilicide(cr)  to 
1700  K. 

PB96-204029  00,678    Not  available  NTIS 

PB96-204037 

Enthalpy  Increment  Measurements  from  4.5  K  to  350  K  and 
the  Thermodynamic  Properties  of  the  Titanium  Silicide 
Ti5Si3(cr). 

PB96-204037  00,679    Not  available  NTIS 

PB96-204045 

Guide  to  Locating  and  Accessing  Computerized  Numeric 
Materials  Databases. 

PB96-204045  03,007   Not  available  NTIS 

PB96-204052 

New  Surface-Active  Comonomer  for  Adhesive  Bonding. 
PB96-204052  03,579    Not  available  NTIS 

PB96-204060 

Need  for  Advanced  Characterization  Techniques  in  Product 
Manufacturing:  A  Case  Study  on  Ceramic  Matrix  Compos- 
ites. 

PB96-204060  03,089    Not  available  NTIS 

PB96-204078 

Gas  Phase  Oxygen  Effect  on  Chain  Scission  and  Monomer 
Content  in  Bulk  Poly(methyl  methacrylate)  Degraded  by  Ex- 
ternal Thermal  Radiation. 

PB96-204078  01,293    Not  available  NTIS 

PB96-204086 

NIST/NCMS  Program  on  Electronic  Packaging:  First  Up- 
date. 

PB96-204086  03.008    Not  available  NTIS 

PB96-204094 

Nanostructure  Fabrication  via  Laser-Focused  Atomic  Depo- 
sition (Invited). 

PB96-204094  04, 732    Not  available  NTIS 

PB96-204102 

Electric  Field  Dependent  Dielectric  Breakdown  of  Intrinsic 
Si02  Films  Under  Dynamic  Stress. 

PB96-204102  02,449    Not  available  NTIS 

PB96-204110 

Diffusive  Crack  Growth  at  a  Bimaterial  Interface. 
PB96-204110  03,090    Not  available  NTIS 

PB96-204128 

Life  Prediction  of  a  Continuous  Fiber  Reinforced  Ceramic 
Composite  Under  Creep  Conditions. 

PB96-204128  03,091    Not  available  NTIS 

PB96-204136 

Hybrid  Optical-Electrical  Overlay  Test  Structure. 

PB96-204136  02,450    Not  available  NTIS 

PB96-204144 

Properties  of  a  Bose-Einstein  Condensate  in  an  Anisotropic 
Harmonic  Potential. 

PB96-204144  04,133    Not  available  NTIS 

PB96-204151 

Deuterium  Isotope  Effect  in  Vinyl  Radical  Combination/ 
Dispropor  tionationReactions. 

PB96-204151  07,767    Not  available  NTIS 

PB96-204169 

Temperature  Dependence  of  the  Ultraviolet  Absorption 
Cross  Section  of  CF3I. 

PB96-204169  07,766    Not  available  NTIS 

PB96-204177 

Temperature  Dependent  Ultraviolet  Absorption  Cross  Sec- 
tions of  Propylene,  Methylacetylene  and  Vinylacetylene. 
PB96-204177  07,769    Not  available  NTIS 

PB96-204185 

Bulk  Modulus  and  Young's  Modulus  of  Nanocrystalline 
gamma-Alumina. 

PB96-204185  03,092    Not  available  NTIS 

PB96-204193 

Cavity  Evolution  during  Tensil  Creep  of  Si3N4. 

PB96-204193  03,376    Not  available  NTIS 

PB96-204201 

Mode-Locked  Lasers  for  High-Accuracy  Radiometry. 

PB96-204201  04,134    Not  available  NTIS 

PB96-204417 

Greenspan  Acoustic  Viscometer  for  Gases. 

PB96-204417  04,220    Not  available  NTIS 

PB96-204425 

Adhesion,  Contact  Electrification,  and  Acid-Base  Properties 
of  Surfaces. 

PB96-204425  03,693    Not  available  NTIS 

PB96-204433 

Role  of  Combustion  on  Droplet  Transport  in  Pressure-Atom- 
ized Spray  Flames. 

PB96-204433  07,434    Not  available  NTIS 

PB96-204441 

Improving  Color  Measurements  of  Displays. 

PB96-204441  02,203    Not  available  NTIS 

PB96-204458 

Shear  Suppression  of  Critical  Fluctuations  in  a  Diluted  Poly- 
mer Blend. 

PB96-204458  04,418    Not  available  NTIS 


PB96-204466 

Experimental  Assessment  of  Crack-Tip  Dislocation  Emis- 
sion Models  for  an  AI67Cr8Ti25  Intermetallic  Alloy. 
PB96-204466  03,377   Not  available  NTIS 

PB96-204474 
Alvin  Van  Valkenburg  and  the  Diamond  Anvil  Cell. 
PB96-204474  04,797   Not  available  NTIS 

PB96-204482 

Phase  Separation  in  Thin  Film  Polymer  Blends  With  and 
Without  Block  Copolymer  Additives. 

PB96-204482  01,294    Not  available  NTIS 

PB96-204490 

Correlations  between  Electrical  and  Acoustic  Detection  of 
Partial  Discharge  in  Liquids  and  Implications  for  Continuous 
Data  Recording. 

PB96-204490  02,248    Not  available  NTIS 

PB96-204508 

Determination  of  Acoustic  Center  Correction  for  Type 
LS2aP  Condensor  Microphones. 

PB96-204508  04, 190    Not  available  NTIS 

PB96-204516 

Thermal  Wave  NDE  of  Advanced  Materials  Using  Mirage 
Effect  Detection. 

PB96-204516  04,797    Not  available  NTIS 

PB96-204524 

Creep  and  Creep  Rupture  of  Structural  Ceramics. 

PB96-204524  03,093    Not  available  NTIS 

PB96-204532 

Fracture  Mechanism  Maps:  Their  Applicability  to  Silicon 
Nitride. 

PB96-204532  03,094    Not  available  NTIS 

PB96-210026 

Rapid  Evaluation  of  Mode-Stirred  Chambers  Using  Impul- 
sive Waveforms. 

PB96-210026  01.979    PC  A04/MF  A01 

PB96-210059 

Working  Conference  on  Global  Growth  of  Technology:  Is 
America  Prepared.  Held  in  Gaithersburg,  Maryland  on  De- 
cember 7  1995 

PB96-210059  00,018    PC  A07/MF  A02 

PB96-210141 

Proceedings  of  the  Open  Forum  on  Laboratory  Accredita- 
tion at  the  National  Institute  of  Standards  and  Technology, 
October  13,  1995. 

PB96-210141  02,686    PC  A10/MF  A03 

PB96-210695 

Materials  Aspects  of  Fiber-Reinforced  Polymer  Composites 
in  Infrastructure. 

PB96-210695  03,184    PC  A04/MF  A01 

PB96-210703 

General  Motion  Model  and  Spatio-Temporal  Filters  for  3-D 
Motion  Interpretations. 

PB96-210703  07,667    PC  A07/MF  A02 

PB96-210711 

Diffuse-Interface  Description  of  Fluid  Systems. 
PB96-210711  07,770    PC  A04/MF  A01 

PB96-210745 

Energy  Price  Indices  and  Discount  Factors  for  Life-Cycle 
Cost  Analysis  1997.  Annual  Supplement  to  NIST  Handbook 
135  and  NBS  Special  Publication  709.  (Revised). 
PB96-210745  02,512    PC  A05/MF  A01 

PB96-210760 

Report  of  a  Workshop  on  Requalification  of  Tubular  Steel 
Joints  in  Offshore  Structures.  Held  in  Houston,  Texas  on 
September  5-6,  1995. 

PB96-210760  03,699    PC  A07/MF  A02 

PB96-210778 

Bibliography  of  the  NIST  Electromagnetic  Fields  Division 
Publications. 

PB96-210778  01,980    PC  A08/MF  A02 

PB96-210786 

NIST  Traceable  Reference  Material  Program  for  Gas  Stand- 
ards: Standard  Reference  Materials. 

PB96-210786  00,644    PC  A04/MF  A01 

PB96-210877 

Statistical  Aspects  of  the  Certification  of  Chemical  Batch 
SRMs.  Standard  Reference  Materials. 

PB96-210877  00,645    PC  A05/MF  A01 

PB96-210893 

Flowmeter  Installation  Effects  Due  to  a  Generic  Header, 
PB96-210893  02.606    PC  A07/MF  A02 

PB96-214614 

Airborne  Asbestos  Method:  Bootstrap  Method  for  Determin- 
ing the  Uncertainty  of  Asbestos  Concentration.  Version  1.0. 
PB96-214614  00,646    PC  A04/MF  A01 

PB96-214622 

Electronics  and  Electrical  Engineering  Laboratory  Technical 
Publication  Announcements  Covering  Laboratory  Programs, 
January  to  March  1996,  with  1996  EEEL  Events  Calendar. 
PB96-214622  07,987    PC  A03/MF  A01 

PB96-214630 
CSTL  Technical  Activities,  1995. 

PB96-214630  00,647    PC  A10/MF  A03 

PB96-214648 

Report  on  USDA  Ultraviolet  Spectroradiometers. 

PB96-21464S  00.125    PC  A04/MF  A01 

PB96-214697 

Estimation  of  System  Damping  at  the  Lotung  Site  by  Appli- 
cation of  System  Identification. 

PB96-214697  07,357    PC  A10/MF  A03 
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PB96-214705 

State  Weights  and  Measures  Laboratories:  Program  Hand- 
book. 

PB96-214705  02.687    PC  A07/MF  A02 

PB96-214713 

Shear  Design  of  High-Strength  Concrete  Beams:  A  Review 
of  the  State-of-the-Art. 

PB96-214713  07,330  PCA11/MFA03 

PB96-214747 

Energy-Based  Method  for  Liquefaction  Potential  Evaluation. 
Phase  1.  Feasibility  Study. 

PB96-214747  03.691    PC  A13/MF  A03 

PB96-214754 

Materials  Science  and  Engineering  Laboratory  Annual  Re- 
port, 1995.  Technical  Activities. 

PB96-214754  03,009    PC  A05/MF  A01 

PB96-215074 

Directory  of  U.S.  Private  Sector  Product  Certification  Pro- 
grams. 

PB96-215074  02.688    PC  A20/MF  A04 

PB96-502794 

Building  Life  Cycle  Cost  Computer  Program  (BLCC)  Version 
4.22-95  (for  Micrcomputers). 

PB96-502794  00.277    CP  D02 

PB97-104160 

January  17,  1995  Hyogoken-Nanbu  (Kobe)  Earthquake. 
Performance  of  Structures,  Lifelines  and  Fire  Protection 
Systems.  Executive  Summary  and  Paper. 
PB97-104160  00.475    PC  A99/MF  A06 

PB97-104178 

TBT  Agreement  Activities  of  the  National  Institute  of  Stand- 
ards and  Technology,  1995. 

PB97-104178  00.499    PC  A04/MF  A01 

PB97-104186 

Optoelectronics  and  Optomechanics  Manufacturing:  An  ATP 
Focused  Program  Development.  Workshop  Proceedings. 
Held  in  Gaithersburg,  Maryland  on  February  15,  1995. 
PB97-104186  02,204    PC  A1 1/MF  A03 

PB97-1 04376 

Wind  and  Seismic  Effects:  Proceedings  of  the  Joint  Meeting 
of  the  U.S. -Japan  Cooperative  Program  in  Natural  Re- 
sources Panel  on  Wind  and  Seismic  Effects  (28th).  Held  in 
Gaithersburg,  Maryland  on  May  14-17,  1996. 
PB97-104376  00.476    PC  A99/MF  A06 

PB97-1 06843 

Mathematical  Analysis  of  Practices  to  Control  Moisture  in 
the  Roof  Cavities  of  Manufactured  Houses. 
PB97-106843  00.278    PC  A05/MF  A01 

PB97-1 08559 

National  Measurement  System  for  Radiometry,  Photometry, 

and  Pyrometry  Base  Upon  Absolute  Detectors. 

PB97-108559  04,382    PC  A04/MF  A01 

PB97-1 08575 

NIST  High-Accuracy  Sampling  Wattmeter. 

PB97-108575  02.689    PC  A04/MF  A01 

PB97-1 08583 

Technical  Digest:  Symposium  on  Optical  Fiber  Measure- 
ments (9th),  1996.  Held  in  Boulder,  Colorado  on  October  1- 
3,  1996. 

PB97-108583  04.383    PC  A12/MF  A03 

PB97-1 09011 

Journal  of  Research  of  the  National  Institute  of  Standards 
and  Technology,  May/June  1996.  Volume  101,  Number  3. 
Special  Issue:  NIST  Workshop  on  Crystallographic 
Databases. 

PB97-109011  04.798  PCA11/MFA03 

PB97-1 09029 

CRYSTMET:  The  NRCC  Metals  Crystallographic  Data  File. 
PB97- 109029  04.799 
(Order  as  PB97-10901 1,  PC  A1 1/MF  A03) 

PB97-1 09037 

Inorganic  Crystal  Structure  Database  (ICSD)  and  Standard- 
ized Data  and  Crystal  Chemical  Characterization  of  Inor- 
ganic Structure  Types  (TYPIX):  Two  Tools  for  Inorganic 
Chemists  and  Crystallographers. 

PB97- 109037  00,648 
(Order  as  PB97-109011,  PC  A11/MF  A03) 

PB97-1 09045 

Evaluation  of  Crystallographic  Data  with  the  Program  DIA- 
MOND. 

PB97- 109045  00,649 
(Order  as  PB97-109011,  PC  A11/MF  A03) 

PB97-1 09052 

Cambridge  Structural  Database  (CSD).  Current  Activities 
and  Future  Plans. 

PB97- 109052  00,516 
(Order  as  PB97-109011.  PC  A11/MF  A03) 

PB97-1 09060 

Protein  Data  Bank:  Current  Status  and  Future  Challenges. 
PB97- 109060  00  517 

(Order  as  PB97-109011,  PC  A11/MF  A03) 

PB97-1 09078 

Nucleic  Acid  Database:  Present  and  Future. 
PB97-109078  00,518 
(Order  as  PB97-109011,  PC  A11/MF  A03) 

PB97-1 09086 


Powder  Diffraction  File:  Past,  Present,  and  Future. 
PB97- 109086 


04,800 


(Order  as  PB97-109011.  PC  A11/MF  A03) 

PB97-1 09094 

NIST  Crystallographic  Databases  for  Research  and  Analy- 
sis. 

PB97-109094  04,801 
(Order  as  PB97-109011,  PC  A11/MF  A03) 

PB97-109102 

Conventional   and    Eccentric   Uses   of  Crystallographic 
Databases  in  Practical  Materials  Identification  Problems. 
PB97-109102  04,802 
(Order  as  PB97-109011.  PC  A11/MF  A03) 

PB97-109110 

Using  NIST  Crystal  Data  within  Siemens  Software  for  Four- 
Circle  and  SMART  CCD  Diffractometers. 
PB97-109110  04,803 
(Order  as  PB97-109011.  PC  A11/MF  A03) 

PB97-109128 

Phase  Identification  in  a  Scanning  Electron  Microscope 
Using  Backscattered  Electron  Kikuchi  Patterns. 
PB97-109128  04,804 
(Order  as  PB97-109011,  PC  A11/MF  A03) 

PB97-109136 

Biological  Macromolecule  Crystallization  Database  and 
NASA  Protein  Crystal  Growth  Archive. 
PB97-109136  01,171 
(Order  as  PB97-109011,  PC  A11/MF  A03) 

PB97-109144 

Investigations  of  the  Systematics  of  Crystal  Packing  Using 
the  Cambridge  Structural  Database. 

PB97-109144  00,519 
(Order  as  PB97-109011,  PC  A11/MF  A03) 

PB97-109151 

Troublesome  Crystal  Structures:  Prevention.  Detection,  and 
Resolution. 

PB97-109151  01,172 
(Order  as  PB97-109011.  PC  A11/MF  A03) 

PB97-109169 

CIF  Crystallographic  Information  File:  A  Standard  for 
Crystallographic  Data  Interchange. 

PB97-109169  04,805 
(Order  as  PB97-109011,  PC  A11/MF  A03) 

PB97-109177 

Role  of  Journals  in  Maintaining  Data  Integrity:  Checking  of 
Crystal  Structure  Data  in  'Acta  Crystallographica'. 
PB97-109177  04,806 
(Order  as  PB97-109011,  PC  A1 1/MF  AOS) 

PB97-109185 

Electronic  Publishing  and  the  Journals  of  the  American 
Chemical  Society. 

PB97-109185  04,807 
(Order  as  PB97-109011,  PC  A11/MF  A03) 

PB97-109193 

How  the  Cambridge  Crystallographic  Data  Centre  Obtains 
Its  Information. 

PB97-109193  04,808 
(Order  as  PB97-109011,  PC  A11/MF  A03) 

PB97-1 09201 

Data  Import  and  Validation  in  the  Inorganic  Crystal  Struc- 
ture Database. 

PB97-109201  04,809 
(Order  as  PB97- 109011,  PC  A11/MF  A03) 

PB97-109219 

World  Wide  Web  for  Crystallography. 

PB97-109219  04,670 
(Order  as  PB97-109011,  PC  A11/MF  A03) 

PB97-1 09227 

Workshop  Highlights. 

PB97- 109227  04,811 
(Order  as  PB97-10901 1,  PC  A1 1/MF  A03) 

PB97-1 10019 

Role  of  Certified  Reference  Materials  in  Trace  Analysis 
Quality  Assurance. 

PB97-1 10019  00,650    Not  available  NTIS 

PB97-1 10027 

Flaw-Insensitive  Ceramics. 

PB97-1 10027  03.095    Not  available  NTIS 

PB97-1 10035 
Radon  in  the  Lung. 

PB97-1 10035  03,638   Not  available  NTIS 

PB97-1 10043 

Effect  of  Fuel  Tank  Rupture  Mode  on  the  Ignitability  of  Ex- 
pelled Fuel. 

PB97-1 10043  07,444    Not  available  NTIS 

PB97-1 10050 

Flammability  Characterization  with  the  Lift  Apparatus  and 
the  Cone  Calorimeter. 

PB97-110050  01,435    Not  available  NTIS 

PB97-1 10068 

Letter  Report  on  Flame  Spread  Testing  of  a  Composite  Ma- 
terial. 

PB97- 110068  07,436   Not  available  NTIS 

PB97-1 10076 

Interaction  of  an  Isolated  Sprinkler  Spray  and  a  Two-Layer 
Compartment  Fire  Environment.  Phenomena  and  Model 
Simulations. 

PB97-1 10076  01,437    Not  available  NTIS 


PB97-1 10084 

Liquid-Scintillation  Counting  Techniques  for  the  Standard- 
ization of  Radionuclides  Used  in  Therapy. 
PB97-1 10084  03,709   Not  available  NTIS 

PB97-1 10092 

Needs  for  Brachytherapy  Source  Calibrations  in  the  United 
States 

PB97-1 10092  03,521    Not  available  NTIS 

PB97-110100 

Radioassays  of  Yttrium-90  Used  in  Nuclear  Medicine. 

PB97-1 10100  03,522    Not  available  NTIS 

PB97-110118 

Compressed  Liquid  Densities,  Saturated  Liquid  Densities, 
and  Vapor  Pressures  of  1,1-Difluoroethane. 
PB97-110118  07,773   Not  available  NTIS 

PB97-1 10126 

Stacking  the  Cards  in  Europe:  One  Company's  Story. 
PB97-1 10126  00,493    Not  available  NTIS 

PB97-1 10134 

Characterization  of  Two-Dimensional  Dopant  Profiles:  Sta- 
tus and  Review. 
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L-alpha-alanine. 

PB97-122436  04,180    Not  available  NTIS 

PB97-1 22444 
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List  of  Depository  Libraries  in  the  United  States 


ALABAMA 
Auburn 

Auburn  University  Ralph  Draughon  Library 

Birmingham 

Birmingham  Public  Library 

Birmingham-Southern  College  Library 

Jefferson  State  Community  College  James  B.  Allen  Library 

Samford  University  Harwell  G.  Davis  Library 

Enterprise 

Enterprise  State  Junior  College  Learning  Resources  Center 

Fayette 

Bevill  State  Community  College  at  Brewer  Learning  Resources  Center 

Florence 

University  of  North  Alabama  Collier  Library 


Gadsden 

Gadsden  Public  Library 

Huntsville 

University  of  Alabama  in  Huntsville  Library 

Jacksonville 

Jacksonville  State  University  Houston  Cole  Library 

Maxwell  Air  Base 

Air  University  Library/LSAS 

Mobile 

Mobile  Public  Library 

Spring  Hill  College  Thomas  Byrne  Memorial  Library 
University  of  South  Alabama  University  Library 

Montgomery 

Alabama  Public  Library  Service 

Alabama  Supreme  Court  and  State  Law  Library 

Auburn  University  at  Montgomery  Library  REGIONAL 

Normal 

Alabama  Agricultural  and  Mechanical  University  J.  F.  Drake 
Memorial  Library 

Troy 

Troy  State  University  Library 


Tuscaloosa 

University  of  Alabama  Amelia  Gayle  Gorgas  Library  REGIONAL 
University  of  Alabama  School  of  Law  Library 

Tuskegee 

Tuskegee  University  Hollis  Burke  Frissell  Library 


ALASKA 


Anchorage 

Anchorage  Law  Library 

Anchorage  Municipal  Libraries  Z.  J.  Loussac  Public  Library 
Department  of  the  Interior  Alaska  Resources  Library 
University  of  Alaska  at  Anchorage  Consortium  Library 

Fairbanks 

University  of  Alaska  Elmer  E.  Rasmuson  Library 

Juneau 

Alaska  State  Library 

University  of  Alaska  Southeast  William  A.  Egan  Library 

Ketchikan 

University  of  Alaska  Southeast  Ketchikan  College  Library 


AMERICAN  SAMOA 


Pago  Pago 

American  Samoa  Community  College  Learning  Resources  Center 


ARIZONA 
Apache  Junction 

Apache  Junction  Public  Library 

Coolidge 

Central  Arizona  College  Learning  Resources  Center 

Flagstaff 

Northern  Arizona  University  Cline  Library 
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Glendale 

Glendale  Public  Library 

Mesa 

Mesa  Public  Library 

Phoenix 

Arizona  Department  of  Library  Archives  and  Public  Records 

REGIONAL 
Grand  Canyon  University  Fleming  Library 
Maricopa  County  Library  District 
Phoenix  Public  Library 

Prescott 

Yavapai  College  Library 

Tempe 

Arizona  State  University  Hayden  Library/Government  Documents 
Arizona  State  University  Ross-Blakley  Law  Library 

Tucson 

Tucson-Pima  Public  Library 

University  of  Arizona  College  of  Law  Library 

University  of  Arizona  Main  Library 

Winslow 

Northland  Pioneer  College  Winslow  Center  Learning  Resources 
Center 

Yuma 

Yuma  County  District  Library 


ARKANSAS 


Arkadelphia 

Ouachita  Baptist  University  Riley-Hickingbotham  Library 

Batesville 

Lyon  College  Mabee-Simpson  Library 

Clarksville 

University  of  the  Ozarks  Dobson  Memorial  Library 

Conway 

University  of  Central  Arkansas  Torreyson  Library 


Fayetteville 

University  of  Arkansas  Library 

University  of  Arkansas  School  of  Law  Young  Law  Library 

Little  Rock 

Arkansas  State  Library  REGIONAL 

Arkansas  Supreme  Court  Library 

Central  Arkansas  Library  System  Main  Library 

University  of  Arkansas  at  Little  Rock  Ottenheimer  Library 

University  of  Arkansas  at  Little  Rock  Pulaski  County  Law  Library 

Magnolia 

Southern  Arkansas  University  Magale  Library 

Monticello 

University  of  Arkansas  at  Monticello  Library 

Pine  Bluff 

University  of  Arkansas  at  Pine  Bluff  Watson  Memorial  Library 

Russeliville 

Arkansas  Technical  University  Tomlinson  Library 

Searcy 

Harding  University  Brackett  Library 

State  University 

Arkansas  State  University-Jonesboro  Dean  B.  Ellis  Library 

Walnut  Ridge 

Williams  Baptist  College  Felix  Goodson  Library 


CALIFORNIA 
Anaheim 

Anaheim  Public  Library 

Arcadia 

Arcadia  Public  Library 

Areata 

Humboldt  State  University  Library 

Bakersfield 

California  State  University  Walter  W.  Stiern  Library 
Kern  County,  Beale  Memorial  Library 
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Berkeley 


Lancaster 


University  of  California  Main  Library 
University  of  California  School  of  Law  Library 

Carson 

California  State  University  at  Dominguez  Library 

Carson  Regional  Library  Los  Angeles  County  Public  Library 

Chico 

California  State  University  at  Chico  Meriam  Library 

Claremont 

Claremont  Colleges  Honnold/Mouth  Library 

Culver  City 

Culver  City  Library  Los  Angeles  County  Public  Library 

Davis 

University  of  California  at  Davis  Shields  Library 
University  of  California  at  Davis  Law  Library 

Downey 

Downey  City  Library 

Fresno 

California  State  University  at  Fresno  Henry  Madden  Library 
Fresno  County  Free  Library 

Fullerton 

California  State  University  at  Fullerton  University  Library 

Garden  Grove 

Orange  County  Public  Library 

Hayward 

California  State  University  at  Hayward  Library 

Inglewood 

Inglewood  Public  Library 

Irvine 

University  of  California  at  Irvine  Main  Library 

La  Jolla 

University  of  California  at  San  Diego  Geisel  Library 

Lakewood 

Angelo  M.  lacoboni  Public  Library- Los  Angeles  County  Public  Library 


Lancaster  Public  Library 

La  Verne 

University  of  La  Verne  College  of  Law  Library 


Long  Beach 

California  State  University  at  Long  Beach  Library 
Long  Beach  Public  Library 


Los  Angeles 

California  State  University  at  Los  Angeles  Kennedy  Memorial  Library 
Los  Angeles  County  Law  Library 
Los  Angeles  Public  Library 
Loyola  Law  School  William  M.  Rains  Law  Library 
Occidental  College  Mary  Norton  Clapp  Library 
Southwestern  University  School  of  Law  Library 
University  of  California  at  Los  Angeles  University  Research  Library 
University  of  California  at  Los  Angeles  Hugh  &  Hazel  Darling  Law 
Library 

University  of  Southern  California  Doheny  Memorial  Library 
University  of  Southern  California  Law  Library 
U.S.  Court  of  Appeals  Ninth  Circuit  Library 
Whittier  College  School  of  Law  Library 


Malibu 

Pepperdine  University  Payson  Library 


Menlo  Park 

U.S.  Geological  Survey  Library 


Montebello 

Montebello  Regional  Library 


Monterey 

U.S.  Naval  Postgraduate  School  Dudley  Knox  Library 


Monterey  Park 

Bruggemeyer  Memorial  Library 


Northridge 

California  State  University  at  Northridge  Delmar  T.  Oviatt  Library 


Norwalk 

Norwalk  Regional  Library  Los  Angeles  County  Public  Library 


Oakland 

Oakland  Public  Library 

Ontario 

Ontario  City  Library 


A-3 


Palm  Springs 

Palm  Springs  Public  Library 

Pasadena 

California  Institute  of  Technology  Millikan  Memorial  Library 
Pasadena  Public  Library 


Pleasant  Hill 

Contra  Costa  County  Public  Library 

Redding 

Shasta  County  Library 

Redlands 

University  of  Redlands  Armacost  Library 


Redwood  City 

Redwood  City  Public  Library 

Reseda 

West  Valley  Regional  Branch  Library  Los  Angeles  Public  Library 

Richmond 

Richmond  Public  Library 

Riverside 

Riverside  City  and  County  Public  Library 

University  of  California  at  Riverside  Library/Government  Publications 

Sacramento 

California  State  Library /Government  Publications  REGIONAL 
California  State  University  at  Sacramento  Library 
Sacramento  County  Law  Library 

Sacramento  Public  Library  Central  Library/Federal  Documents 
University  of  the  Pacific  Schaber  Law  Library 


San  Bernardino 

San  Bernardino  County  Law  Library 
San  Bernardino  County  Library 


San  Diego 

San  Diego  County  Law  Library 

San  Diego  County  Library 

San  Diego  Public  Library  Central  Library 

San  Diego  State  University  Library 

University  of  San  Diego  Malcolm  A.  Love  Library  School  of  Law 
Library 


San  Francisco 

California  Supreme  Court  Library 
Golden  Gate  University  Law  Library 

San  Francisco  Public  Library /Government  Document  Department 
San  Francisco  State  University  J.  Paul  Leonard  Library 
University  of  California  Hastings  College  of  Law 


University  of  San  Francisco  Richard  A.  Gleeson  Library 
U.S.  Court  of  Appeals  Ninth  Circuit  Library 

San  Jose 

San  Jose  State  University  Clark  Library 

San  Leandro 

San  Leandro  Public  Library  Community  Library  Center 

San  Luis  Obispo 

California  Polytechnic  State  University  Robert  F.  Kennedy  Library 

San  Marcos 

California  State  University  at  San  Marcos  Library  &  Information  Services 

San  Mateo 

College  of  San  Mateo  Library 

San  Rafael 

Marin  County  Free  Library 

Santa  Ana 

Orange  County  Law  Library 
Santa  Ana  Public  Library 

Santa  Barbara 

University  of  California  at  Santa  Barbara  Davidson  Library 

Santa  Clara 

Santa  Clara  University  Orradre  Library 

Santa  Cruz 

University  of  California  at  Santa  Cruz  McHenry  Library 

Santa  Rosa 

Sonoma  County  Public  Library 

Stanford 

Stanford  University  Jonsson  Library  (1895) 
Stanford  University  Robert  Crown  Law  Library 

Stockton 

Public  Library  of  Stockton  and  San  Joaquin  County 

Thousand  Oaks 

California  Lutheran  University  Pearson  Library 

Torrance 

Torrance  Public  Library 
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Turlock 

California  State  University,  Stanislaus  Library 

Valencia 

Valencia  Library  Los  Angeles  County  Public  Library 

Vallejo 

Solano  County  Library  System  John  F.  Kennedy  Library 

Ventura 

Ventura  County  Library  E.  P.  Foster  Library 

Visalia 

Tulare  County  Free  Library 

Walnut 

Mount  San  Antonio  College  Learning  Resources  Library 

West  Co vina 

West  Covina  Regional  Library 

Whittier 

Whittier  College  Wardman  Library 


COLORADO 


Alamosa 

Adams  State  College  Library 

Aurora 

Aurora  Public  Library 

Boulder 

University  of  Colorado  at  Boulder  Libraries  Government  Publications 
REGIONAL 

University  of  Colorado  at  Boulder  School  of  Law  Library 

Broomfield 

Mamie  Doud  Eisenhower  Public  Library 

Colorado  Springs 

Colorado  College  Tutt  Library 

University  of  Colorado  at  Colorado  Springs  Library 

Denver 

Auraria  Library 

Colorado  Supreme  Court  Library 
Denver  Public  Library  REGIONAL 


Regis  University  Dayton  Memorial  Library 

University  of  Denver  College  of  Law  Library  Westminister  Law  Library 
University  of  Denver  Penrose  Library 
U.S.  Courts  Library 

Fort  Collins 

Colorado  State  University  Libraries/Documents  Department 

Golden 

Colorado  School  of  Mines  Arthur  Lakes  Library 

Grand  Junction 

Mesa  County  Public  Library  District 

Mesa  State  College  John  U.  Tomlinson  Library 

Greeley 

University  of  Northern  Colorado  James  A.  Michener  Library 

Gunnison 

Western  State  College  Leslie  J.  Savage  Library 

La  Junta 

Otero  Junior  College  Wheeler  Library 

Lakewood 

Jefferson  County  Public  Library  Lakewood  Branch 

Pueblo 

Pueblo  Library  District  McClelland  Library 
University  of  Southern  Colorado  Library 

USAF  Academy 

U.S.  Air  Force  Academy  Library 


CONNECTICUT 


Bridgeport 

Bridgeport  Public  Library/Reference  Department 

Danbury 

Western  Connecticut  State  University  Ruth  A.  Haas  Library 

Hamden 

Quinnipiac  College  School  of  Law  Library 

Hartford 

Connecticut  State  Library  REGIONAL 
Hartford  Public  Library 
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Trinity  College  Library 

University  of  Connecticut  School  of  Law  Library 

Middletown 

Wesleyan  University  Olin  Library 

New  Britain 

Central  Connecticut  State  University  Elihu  Burritt  Library 

New  Haven 

Southern  Connecticut  State  University  Hilton  C.  Buley  Library 
Yale  University  Lillian  Goldman  Law  Library 
Yale  University  Seeley  G.  Mudd  Library 

New  London 

Connecticut  College  C.  E.  Shain  Library 
U.S.  Coast  Guard  Academy  Library 

Stamford 

Ferguson  Library 

Storrs 

University  of  Connecticut  Homer  Babbidge  Library 

Waterbury 

Silas  Bronson  Public  Library 

Teikyo  Post  University  Traurig  Library 

West  Haven 

University  of  New  Haven  Marvin  K.  Peterson  Library 

Willimantic 

Eastern  Connecticut  State  University  J.  Eugene  Smith  Library 


DELAWARE 


Dover 

Delaware  Division  of  Libraries/Government  Documents 
Delaware  State  University  William  C.  Jason  Library 


Georgetown 

Delaware  Technical  and  Community  College  Stephen  J.  Betez 
Library 


Newark 

University  of  Delaware  Library 


Wilmington 

Widener  University  School  of  Law  Library 


DISTRICT  OF  COLUMBIA 


Washington 

American  University  Washington  College  of  Law  Library 
Board  of  Governors  of  the  Federal  Reserve  System  Law  Library 
Catholic  University  of  America  Judge  Kathryn  J.  Dufour  Law  Library 
Comptroller  of  the  Currency  Library 
Department  of  Commerce  Library 
Department  of  Education  National  Library  of  Education 
Department  of  Housing  and  Urban  Development  Library 
Department  of  Justice  Main  Library 
Department  of  Labor  Library 
Department  of  State  Law  Library 
Department  of  State  Library 
Department  of  the  Army  Pentagon  Library 
Department  of  the  Interior  Departmental  Library 
Department  of  the  Navy  Library  Naval  Historical  Center 
Department  of  the  Treasury  Library 
Department  of  Transportation  Main  Library 
Department  of  Transportation  U.S.  Coast  Guard  Law  Library 
Department  of  Veterans'  Headquarters  Library 
District  of  Columbia  Court  of  Appeals  Library 
District  of  Columbia  Public  Library/Document  Department 
Equal  Employment  Opportunity  Library 
Executive  Office  of  the  President  Library 
Federal  Election  Commission  Law  Library 
Federal  Energy  Regulatory  Commission  Library 
Federal  Mine  Safety,  Health  Review  Library 
General  Accounting  Office  Information  Services  Center 
General  Services  Administration  Library 
George  Washington  University  Melvin  Gelman  Library 
George  Washington  University  National  Law  Center  Jacob  Burns  Law 
Library 

Georgetown  University  Law  Center  E.  B.  Williams  Law  Library 
Georgetown  University  Lavinger  Library 
Library  of  Congress  Congressional  Research  Service 
Library  of  Congress  Serial  and  Government  Publications 
National  Defense  University  Library  Fort  Lesley  J.  McNair 
Pension  Benefit  Guaranty  Corporation  Office  of  General  Counsel 
Library 

U.S.  Court  of  Appeals  Federal  Circuit  Library 

U.S.  Court  of  Appeals  Judges'  Library 

U.S.  Information  Agency  Information  Resource  Center 

U.S.  Postal  Service  Library 

U.S.  Senate  Library 

U.S.  Supreme  Court  Library 


FLORIDA 


Boca  Raton 

Florida  Atlantic  University  S.  E.  Wimberly  Library 


Bradenton 

Manatee  County  Public  Library  Information  Service  Department 
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Clearwater 

Clearwater  Public  Library  System  U.S.  Government  Documents 

Cocoa 

Brevard  County  Library  System  Central  Brevard  Library 

Coral  Gables 

University  of  Miami  Otto  G.  Richter  Library 

Daytona  Beach 

Volusia  County  Public  Library  Volusia  County  Library  Center 

De  Land 

Stetson  University  duPont-Ball  Library 

Fort  Lauderdale 

Broward  County  Main  Library/Government  Documents 

Nova  Southeastern  University  Shepard  Broad  Law  Center  Library 

Fort  Pierce 

Indian  River  Community  College  Miley  Learning  Resource  Center 

Gainesville 

University  of  Florida  College  of  Law  Library 
University  of  Florida  Libraries  REGIONAL 

Jacksonville 

Jacksonville  Public  Library 

Jacksonville  University  Carl  S.  Swisher  Library 

University  of  North  Florida  Thomas  G.  Carpenter  Library 

Key  West 

Florida  Keys  Community  College  Key  West  Campus  Learning 
Resources  Center 

Lakeland 

Lakeland  Public  Library 

Leesburg 

Lake-Sumter  Community  College  Library 

Melbourne 

Florida  Institute  of  Technology  Evans  Library 

Miami 

Florida  International  University  University  Park  Campus  Library 

Miami-Dade  Public  Library  Documents  Division 

St.  Thomas  University  Library  Documents  Department 

North  Miami 

Florida  International  University  North  Miami  Campus  Library 


Orlando 

University  of  Central  Florida  Library/Documents 

Palatka 

Saint  Johns  River  Community  College  Library  B.  C.  Pearce  Learning 
Resources 

Panama  City 

Bay  County  Public  Library 

Pensacola 

University  of  West  Florida  John  C.  Pace  Library 

Saint  Petersburg 

Saint  Petersburg  Public  Library  Reference  Department 
Stetson  University  College  of  Law  Charles  A.  Dana  Law  Library 

Sarasota 

Selby  Public  Library 

University  of  South  Florida  at  Sarasota  Jane  Bancroft  Cook  Library 

Tallahassee 

Florida  Agricultural  and  Mechanical  University  Coleman  Memorial 
Library 

Florida  State  University  College  of  Law  Library 
Florida  State  University  Strozier  Library 
Florida  Supreme  Court  Library 
State  Library  of  Florida 

Tampa 

Tampa-Hillsborough  County  Public  Library 
University  of  South  Florida  Library 
University  of  Tampa  Merl  Kelce  Library 

Winter  Park 

Rollins  College  Olin  Library 


GEORGIA 
Albany 

Dougherty  County  Public  Library 

Americus 

Georgia  Southwestern  College  James  Earl  Carter  Library 

Athens 

University  of  Georgia  Libraries/Government  Documents  REGIONAL 
University  of  Georgia  School  of  Law  Library 
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Atlanta 

Atlanta  University  Center  Robert  W.  Woodruff  Library 

Atlanta-Fulton  Public  Library  (1880) 

Emory  University  Robert  W.  Woodruff  Library 

Emory  University  School  of  Law  McMillan  Law  Library 

Georgia  Institute  of  Technology  Library  and  Information  Center 

Georgia  State  Law  Library 

Georgia  State  University  College  of  Law  Library 

Georgia  State  University  William  Russell  Pullen  Library 

U.S.  Court  of  Appeals  Eleventh  Circuit  Library 


Augusta 

Augusta  College  Reese  Library 

Medical  College  of  Georgia  Greenblatt  Library 

Brunswick 

Brunswick-Glynn  County  Regional  Library 


Carrol  Iton 

State  University  of  West  Georgia  Irvine  Sullivan  Ingram  Library 


Columbus 

Columbus  State  University  Simon  Schwob  Memorial  Library 


Dahlonega 

North  Georgia  College  Stewart  Library 


Dalton 

Dalton  College  Library  Resources  Center 


Kennesaw 

Kennesaw  State  University  Horace  W.  Sturgis  Library 

Macon 

Mercer  University  Main  Library 
Mercer  University  School  of  Law  Library 

Milledgeville 

Georgia  College  Ina  Dillard  Russell  Library 

Mount  Berry 

Berry  College  Memorial  Library 


Savannah 

Chatham-Effingham-Liberty  Regional  Library 


Smyrna 

Smyrna  Public  Library 

Statesboro 

Georgia  Southern  University  Zoch  S.  Henderson  Library  (1939) 


Valdosta 

Valdosta  State  University  Odum  Library 


GUAM 
Agana 

Nieves  M.  Flores  Memorial  Library 

Mangilao 

University  of  Guam  Kennedy  Memorial  Library 

HAWAII 
Hilo 

University  of  Hawaii  at  Hilo  Edwin  H.  Mookini  Library 

Honolulu 

Hawaii  Medical  Library  Incorporated 

Hawaii  State  Library/Federal  Documents 

Municipal  Reference  &  Records  Center 

Supreme  Court  Law  Library  (1973) 

University  of  Hawaii  Hamilton  Library  REGIONAL 

University  of  Hawaii  School  of  Law  Library 

Laie 

Brigham  Young  University  Hawaii  Campus  Joseph  F.  Smith  Library 

Lihue 

Lihue  Public  Library 

Pearl  City 

Leeward  Community  College  Library 

Wailuku 

Wailuku  Public  Library 

IDAHO 


Boise 

Boise  Public  Library 

Boise  State  University  Albertsons  Library 
Idaho  State  Library 

Idaho  Supreme  Court  State  Law  Library 

Caldwell 

Albertson  College  of  Idaho  N.  L.  Terteling  Library 
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Lewiston 

Lewis-Clark  State  College  The  Library 

Moscow 

University  of  Idaho  College  of  Law  Library 
University  of  Idaho  Library /Government  Documents  Department 
REGIONAL 

Nampa 

Northwest  Nazarene  College  John  E.  Riley  Library 

Pocatello 

Idaho  State  University  Eli  Oboler  Library 

Rexburg 

Ricks  College  David  O.  McKay  Learning  Resources  Center 

Twin  Falls 

College  of  Southern  Idaho  Library 

ILLINOIS 


Bloomington 

Illinois  Wesleyan  University  Sheean  Library 

Bourbonnais 

Olivet  Nazarene  University  Benner  Library  and  Resource  Center 

Carbondale 

Southern  Illinois  University  at  Carbondale  Morris  Library 
Southern  Illinois  University  at  Carbondale  School  of  Law  Library 

Carlinville 

Blackburn  College  Lumpkin  Library 

Carterville 

John  A.  Logan  College  Learning  Resources  Center 

Champaign 

University  of  Illinois  Law  Library 

Charleston 

Eastern  Illinois  University  Booth  Library /Documents 

Chicago 

Chicago  Public  Library  Harold  Washington  Library/Government 

Publications  Department 
Chicago  State  University  Paul  and  Emily  Douglas  Library 
DePaul  University  Law  Library 
Field  Museum  of  Natural  History  Library 

Illinois  Institute  of  Technology  Chicago-Kent  College  of  Law  Library 


Illinois  Institute  of  Technology  Paul  V.  Galvin  Library 
John  Marshall  Law  School  Library 

Loyola  University  of  Chicago  E.  M.  Cudahy  Memorial  Library 
Loyola  University  of  Chicago  School  of  Law  Library 
Northeastern  Illinois  University  Ronald  Williams  Library 
Northwestern  University  School  of  Law  Library 
University  of  Chicago  D'Angelo  Law  Library 
University  of  Chicago  Regenstein  Library 
University  of  Illinois  at  Chicago  Library /Documents  and  Maps 
William  J.  Campbell  Library  of  the  U.S.  Courts 

Decatur 

Decatur  Public  Library /Government  Documents 

De  Kalb 

Northern  Illinois  University  College  of  Law  Library 
Northern  Illinois  University  Founders'  Memorial  Library 

Des  Plaines 

Oakton  Community  College  Library 

Edwardsville 

Southern  Illinois  University  at  Edwardsville  Lovejoy  Memorial  Library 

Elsah 

Principia  College  Marshall  Brooks  Library 

Evanston 

Northwestern  University  Library /Government  Publications 

Freeport 

Freeport  Public  Library 

Galesburg 

Galesburg  Public  Library 

Jacksonville 

MacMurray  College  Henry  Pfeiffer  Library 

Lake  Forest 

Lake  Forest  College  Donnelley  Library 

Lebanon 

McKendree  College  Holman  Library 

Lisle 

Illinois  Benedictine  College  Theodore  F.  Lownik  Library 

Macomb 

Western  Illinois  University  Library/Government  Publications 

Moline 

Black  Hawk  College  Library  (1970) 


Monmouth 

Monmouth  College  Hewes  Library 

Mount  Carmel 

Wabash  Valley  College  Bauer  Media  Center 

Mount  Prospect 

Mount  Prospect  Public  Library /Government  Information  Center 

Normal 

Illinois  State  University  Milner  Library 

Oak  Park 

Oak  Park  Public  Library 

Oglesby 

Illinois  Valley  Community  College  Jacobs  Library 

Palos  Hills 

Moraine  Valley  Community  College  Robert  E.  Turner  Library 

Peoria 

Bradley  University  Cullom-Davis  Library 
Peoria  Public  Library 

River  Forest 

Rosary  College  Rebecca  Crown  Library 

Rockford 

Rockford  Public  Library 

Romeoville 

Lewis  University  Library 

South  Holland 

South  Suburban  College  Library 

Springfield 

Illinois  State  Library/Federal  Documents  Department  REGIONAL 

Stream  wood 

Poplar  Creek  Public  Library  District 

University  Park 

Governors  State  University  Library 

Urbana 

University  of  Illinois/Documents  Library 

Wheaton 

Wheaton  College  Buswell  Memorial  Library 


Woodstock 

Woodstock  Public  Library 


INDIANA 


Anderson 

Anderson  Public  Library/Government  Publications 
Anderson  University  Robert  A.  Nicholson  Library 

Bloomington 

Indiana  University  Library 

Indiana  University  School  of  Law  Library 

Crawfordsville 

Wabash  College  Lilly  Library 

Evansville 

Evansville-Vanderburgh  County  Public  Library 
University  of  Southern  Indiana  David  L.  Rice  Library 

Fort  Wayne 

Allen  County  Public  Library 

Indiana  University-Purdue  University  at  Fort  Wayne  Helmke  Library 

Franklin 

Franklin  College  Library 

Gary 

Gary  Public  Library  Main  Library 

Indiana  University  Northwest  Campus  Library 

Greencastle 

DePauw  University  Roy  O.  West  Library 

Hammond 

Hammond  Public  Library 

Hanover 

Hanover  College  Duggan  Library 

Huntington 

Huntington  College  Richlyn  Library 

Indianapolis 

Butler  University  Irwin  Library-Serials/Documents  Section 

Indiana  State  Library  REGIONAL 

Indiana  Supreme  Court  Law  Library 

Indiana  University  at  Indianapolis  School  of  Law  Library 

Indiana  University-Purdue  University  Libraries 

Indianapolis-Marion  County  Public  Central  Library 
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Kokomo 

Indiana  University  Kokomo  Learning  Resource  Center 

Muncie 

Ball  State  University  Alexander  M.  Bracken  Library 
Muncie  Public  Library 

New  Albany 

Indiana  University  Southeast  Library 

Notre  Dame 

University  of  Notre  Dame  Kresge  Law  Library 
University  of  Notre  Dame  Theodore  M.  Hesburgh  Library 

Rensselaer 

Saint  Joseph's  College  Robinson  Memorial  Library 

Richmond 

Earlham  College  Lilly  Library 
Morrisson-Reeves  Library 

South  Bend 

Indiana  University  at  South  Bend  Franklin  D.  Schurz  Library 

Terre  Haute 

Indiana  State  University  Cunningham  Memorial  Library 

Valparaiso 

Valparaiso  University  Law  Library 

Valparaiso  University  Moellering  Memorial  Library 

West  Lafayette 

Purdue  University  HSSE  Library 


IOWA 


Ames 

Iowa  State  University  Parks  Library 

Cedar  Falls 

University  of  Northern  Iowa  Donald  O.  Rod  Library 

Cedar  Rapids 

Cedar  Rapids  Public  Library 

Council  Bluffs 

Council  Bluffs  Public  Library 

Davenport 

Davenport  Public  Library 


Des  Moines 

Drake  University  Cowles  Library 

Drake  University  Law  Library 

Public  Library  of  Des  Moines/Documents  Department 

State  Library  of  Iowa/Documents  Section 

Dubuque 

Carnegie-Stout  Public  Library 

Loras  College  Wahlert  Memorial  Library 

Fayette 

Upper  Iowa  University  Henderson-Wilder  Library 

Grinnell 

Grinnell  College  Burling  Library 

Iowa  City 

University  of  Iowa  College  of  Law  Library 

University  of  Iowa  Libraries/Government  Publications  REGIONAL 

Lamoni 

Graceland  College  Frederick  Madison  Smith  Library 

Mason  City 

North  Iowa  Area  Community  College  Library 

Mount  Vernon 

Cornell  College  Russell  D.  Cole  Library 

Orange  City 

Northwestern  College  Ramaker  Library 

Sioux  City 

Sioux  City  Public  Library  Wilbur  Aalfs  Library 

KANSAS 


Atchison 

Benedictine  College  Library 

Baldwin  City 

Baker  University  Collins  Library 

Colby 

Colby  Community  College  H.  F.  Davis  Memorial  Library 

Dodge  City 

Dodge  City  Community  College  Learning  Resources  Center 
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Emporia 

Emporia  State  University  William  Allen  White  Library 

Hays 

Fort  Hays  State  University  Forsyth  Library 

Hutchinson 

Hutchinson  Public  Library/Depository  Section 

Kansas  City 

Kansas  City  Community  College  Library 

Lawrence 

University  of  Kansas  Government  Documents  and  Maps  Library 

REGIONAL 
University  of  Kansas  Law  School  Library 

Manhattan 

Kansas  State  University  Farrell  Library 

Overland  Park 

Johnson  County  Library/Documents  Department 

Pittsburg 

Pittsburg  State  University  Leonard  H.  Axe  Library 

Salina 

Kansas  Wesleyan  University  Memorial  Library 

Topeka 

Kansas  State  Historical  Society  Library /Government  Documents 

Kansas  State  Library 

Kansas  Supreme  Court  Law  Library 

Washburn  University  of  Topeka  School  of  Law  Library 

Wichita 

Wichita  State  University  Ablah  Library  (1901) 


KENTUCKY 
Ashland 

Ashland  Community  College  Library 

Barbourville 

Union  College  Weeks-Townsend  Memorial  Library 

Bowling  Green 

Western  Kentucky  University  Helm-Cravens  Library 


Columbia 

Lindsey  Wilson  College  Katie  Murrell  Library 

Crestview  Hills 

Thomas  More  College  Library 

Danville 

Centre  College  Grace  Doherty  Library 

Frankfort 

Kentucky  Department  of  Libraries  State  Library  Service  Division 

Kentucky  State  Law  Library 

Kentucky  State  University  Paul  G.  Blazer  Library 

Hazard 

Hazard  Community  College  Library 

Highland  Heights 

Northern  Kentucky  University  W.  Frank  Steely  Library 

Lexington 

University  of  Kentucky  King  Library  South  REGIONAL 
University  of  Kentucky  Law  Library 

Louisville 

Louisville  Free  Public  Library/Government  Publications 
University  of  Louisville  Belknap  Campus  Ekstrom  Library 
University  of  Louisville  School  of  Law  Library 

Morehead 

Morehead  State  University  Camden-Carroll  Library 

Murray 

Murray  State  University  Waterfield  Library 

Owensboro 

Kentucky-Wesleyan  College  Library  Learning  Center 

Richmond 

Eastern  Kentucky  University  John  Grant  Crabbe  Library 

Williamsburg 

Cumberland  College  Hagan  Memorial  Library 


LOUISIANA 


Baton  Rouge 

Louisiana  State  University  Middleton  Library  REGIONAL 
Louisiana  State  University  Paul  M.  Herbert  Law  Center  Library 
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Southern  University  John  B.  Cade  Library 
Southern  University  Law  Center  Library 
State  Library  of  Louisiana 


MAINE 


Eunice 

Louisiana  State  University  at  Eunice  Arnold  LeDoux  Library 

Hammond 

Southeastern  Louisiana  University  Sims  Memorial  Library 

Lafayette 

University  of  Southwestern  Louisiana  Edith  Garland  Dupre  Library 

Lake  Charles 

McNeese  State  University  Lether  E.  Frazar  Memorial  Library 

Leesville 

Vernon  Parish  Library 

Monroe 

Northeast  Louisiana  University  Sandel  Library 

Natchitoches 

Northwestern  State  University  Watson  Memorial  Library 

New  Orleans 

Law  Library  of  Louisiana 
Loyola  University  Law  Library 
Loyola  University  Library 

New  Orleans  Public  Library /Government  Documents 

Our  Lady  of  Holy  Cross  College  Blaine  S.  Kern  Library 

Southern  University  at  New  Orleans  Leonard  S.  Washington  Library 

Tulane  University  Howard-Tilton  Memorial  Library 

Tulane  University  School  of  Law  Library 

U.S.  Court  of  Appeals  Fifth  Circuit  Library 

University  of  New  Orleans  Earl  K.  Long  Library 

Xavier  University  Library 

Pineville 

Louisiana  College  Norton  Memorial  Library 

Ruston 

Louisiana  Tech  University  Prescott  Memorial  Library  REGIONAL 

Shreveport 

Louisiana  State  University  in  Shreveport  Noel  Memorial  Library 
Shreve  Memorial  Library 

Thibodaux 

Nicholls  State  University  Ellender  Memorial  Library 


Augusta 

Maine  Law  and  Legislative  Reference  Library 
Maine  State  Library/Documents 

Bangor 

Bangor  Public  Library 

Brunswick 

Bowdoin  College  Hawthorne-Longfellow  Library 

Castine 

Maine  Maritime  Academy  Nutting  Memorial  Library 

Lewiston 

Bates  College  George  and  Helen  Ladd  Library 

Orono 

University  of  Maine  Raymond  H.  Fogler  Library  REGIONAL 

Portland 

Portland  Public  Library 

University  of  Maine  School  of  Law  Garbrecht  Law  Library 

Presque  Isle 

University  of  Maine  at  Presque  Isle  Library 

Sanford 

Louis  B.  Goodall  Memorial  Library 

Waterville 

Colby  College  Miller  Library 


MARYLAND 


Annapolis 

Maryland  State  Law  Library 

U.S.  Naval  Academy  Nimitz  Library 

Baltimore 

Enoch  Pratt  Free  Library /Documents  Division 
Goucher  College  Julia  Rogers  Library 

Johns  Hopkins  University  Government/Publication/Maps  Law  Library 
Morgan  State  University  Soper  Library 
University  of  Baltimore  Langsdale  Library 
University  of  Baltimore  Law  Library 

University  of  Maryland  School  of  Law  Thurgood  Marshall  Law  Library 
U.S.  Court  of  Appeals  Fourth  Circuit  Library 
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Bel  Air 

Harford  Community  College  Library 

Beltsville 

Department  of  Agriculture  National  Agricultural  Library 

Bethesda 

Department  of  Health  and  Human  Services  National  Library  of  Medicine 
Uniformed  Services  University  of  Health  Sciences  Learning  Resources 
Center 

Catonsville 

University  of  Maryland  Baltimore  County  Albin  O.  Kuhn  Library  & 
Gallery 

Chestertown 

Washington  College  Clifton  M.  Miller  Library 

College  Park 

University  of  Maryland  at  College  Park  McKeldin  Library  REGIONAL 

Cumberland 
Allegany  College  of  Maryland  Library 


Frostburg 

Frostburg  State  University  Lewis  J.  Ort  Library 

Patuxent  River 

Naval  Air  Warfare  Center  Central  Library 

Rockville 

Montgomery  County  Department  of  Public  Libraries  Rockville  Regional 
Library 

Salisbury 

Salisbury  State  University  Blackwell  Library 

Silver  Spring 

Department  of  Commerce  NOAA  Central  Library 

Towson 

Towson  State  University  Albert  S.  Cook  Library 

Westminster 

Western  Maryland  College  Hoover  Library 

MASSACHUSETTS 


Amherst 

Amherst  College  Robert  Frost  Library 

University  of  Massachusetts  at  Amherst  University  Library 


Boston 

Boston  Athenaeum  Library 

Boston  Public  Library /Government  Documents  REGIONAL 

Boston  University  School  of  Law  Pappas  Law  Library 

Northeastern  University  Snell  Library 

State  Library  of  Massachusetts/Documents  Department 

Suffolk  University  Law  Library 

Supreme  Judicial  Court  Social  Law  Library 

U.S.  Court  of  Appeals  First  Circuit  Library 

Brookline 

Public  Library  of  Brookline 

Cambridge 

Harvard  College  Lamont  Library 

Harvard  Law  School  Library 

Massachusetts  Institute  of  Technology  Libraries 

Chestnut  Hill 

Boston  College  Thomas  P.  O'Neill  Jr.  Library 

Chicopee 

College  of  Our  Lady  of  the  Elms  Alumnae  Library 

Lowell 

University  of  Massachusetts  South  Campus  Lowell  O'Leary  Library 

Medford 

Tufts  University  Tisch  Library 

Milton 

Curry  College  Levin  Library 

New  Bedford 

New  Bedford  Free  Public  Library 

Newton  Center 

Boston  College  Law  School  Library 

North  Dartmouth 

University  of  Massachusetts  Dartmouth  Library/Government 
Publications 

North  Easton 

Stonehill  College  Cushing-Martin  Library 

Springfield 

Massachusetts  Trial  Court  Hampden  Law  Library 
Springfield  City  Library/Documents  Section 
Western  New  England  College  School  of  Law  Library 

Waltham 

Brandeis  University  Goldfarb  Library 
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Wellesley 

Wellesley  College  Margaret  Clapp  Library 

Wenham 

Gordon  College  Jenks  Learning  Resource  Center 

Williamstown 

Williams  College  Sawyer  Library 

Worcester 

American  Antiquarian  Society  Library 

University  of  Massachusetts  Medical  Center  Lamar  Soutter  Medical 

Library 
Worcester  Public  Library 


MICHIGAN 


Albion 

Albion  College  Stockwell-Mudd  Library 

Allendale 

Grand  Valley  State  University  Zumberge  Library 

Alma 

Alma  College  Monteith  Library 

Ann  Arbor 

University  of  Michigan  Harlan  Hatcher  Graduate  Library 
University  of  Michigan  Law  Library 

Benton  Harbor 

Benton  Harbor  Public  Library 

Clinton  Township 

Macomb  County  L  ibrary 

Dearborn 

Henry  Ford  Community  College  Eshleman  Library 

Detroit 

Detroit  College  of  Law  Library 

Detroit  Public  Library  REGIONAL 

Marygrove  College  Library 

University  of  Detroit  Mercy  School  of  Law  Library 

University  of  Detroit  Mercy  McNichols  Campus  Library 

Wayne  State  University  Purdy/Kresge  Library 

Wayne  State  University  Arthur  Neef  Law  Library 

Dowagiac 

Southwestern  Michigan  College  Fred  L.  Mathews  Library 

East  Lansing 

Michigan  State  University  Main  Library 


Farmington  Hills 

Oakland  Community  College  M.  L.  King  Learning  Resources  Center 

Flint 

Flint  Public  Library  (1967) 

University  of  Michigan  at  Flint  Francis  Wilson  Thompson  Library 

Grand  Rapids 

Calvin  College  &  Theological  Seminary  Heckman  Library 
Grand  Rapids  Public  Library/Government  Documents 

Houghton 

Michigan  Technological  University  J.  Robert  Van  Pelt  Library 


Jackson 

Jackson  District  Library 

Kalamazoo 

Kalamazoo  Public  Library 

Western  Michigan  University  Dwight  B.  Waldo  Library 

Lansing 

Library  of  Michigan/Government  Documents  REGIONAL 
Thomas  M.  Cooley  Law  School  Library 

Livonia 

Livonia  Public  Library 

Schoolcraft  College  Eric  J.  Bradner  Library 

Madison  Heights 

Madison  Heights  Public  Library 

Marquette 

Northern  Michigan  University  Lydia  M.  Olson  Library 

Monroe 

Monroe  County  Library  System 

Mount  Pleasant 

Central  Michigan  University  Charles  V.  Park  Library 

Muskegon 

Hackley  Public  Library 

Petoskey 

North  Central  Michigan  College  Library 


Pontiac 

Oakland  County  Research  Library/Reference 
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Port  Huron 

Saint  Clair  County  Library 

Rochester 

Oakland  University  Kresge  Library 

Royal  Oak 

Royal  Oak  Public  Library/Reference  Department 


Saginaw 


Hoyt  Public  Library 


Sault  Ste.  Marie 

Lake  Superior  State  University  Kenneth  Shouldice  Library 

Traverse  City 

Northwestern  Michigan  College  Osterlin  Library 


University  Center 


Delta  College  Library 


Warren 

Warren  Public  Library  Arthur  J.  Miller  Branch 

Ypsilanti 

Eastern  Michigan  University  Library 


MINNESOTA 


Bemidji 

Bemidji  State  University  A.  C.  Clark  Library 


Blaine 


Anoka  County  Library 


Collegeville 

Saint  John's  University  Alcuin  Library 

Duluth 

Duluth  Public  Library /Documents  Section 
University  of  Minnesota  at  Duluth  Library 


Eagan 

Dakota  County  Library— Westcott  Branch 

Edina 

Hennepin  County  Library  Southdale-Hennepin  Library 

Mankato 

Mankato  State  University  Memorial  Library 

Marshall 

Southwest  State  University  Library 


Minneapolis 

Minneapolis  Public  Library/Technology/Science/Government 
University  of  Minnesota  Law  School  Library 
University  of  Minnesota  Wilson  Library  REGIONAL 


Moorhead 

Moorhead  State  University  Livingston  Lord  Library 

Morris 

University  of  Minnesota  at  Morris  Rodney  A.  Briggs  Library 

Northfield 

Carleton  College  The  Library 

Saint  Olaf  College  Rolvaag  Memorial  Library 

Roseville 

Ramsey  County  Public  Library  Roseville  Library 

Saint  Cloud 

Saint  Cloud  State  University,  Learning  Resources  Center 

Saint  Paul 

Hamline  University  School  of  Law  Library 

Minnesota  State  Law  Library 

Saint  Paul  Public  Library /Government  Publications 

University  of  Minnesota  Saint  Paul  Campus  Library 

William  Mitchell  College  of  Law  Library  Warren  E.  Burger  Library 

Saint  Peter 

Gustavus  Adolphus  College  Folke  Bernadotte  Memorial  Library 

Winona 

Winona  State  University  Maxwell  Library 
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MISSISSIPPI 
Cleveland 

Delta  State  University  W.  B.  Roberts  Library 

Columbus 

Mississippi  University  for  Women  Fant  Memorial  Library 

Hattiesburg 

University  of  Southern  Mississippi  Cook  Memorial  Library 

Jackson 

Jackson  State  University  Henry  Thomas  Sampson  Library 
Millsaps  College  Millsaps-Wilson  Library 
Mississippi  College  School  of  Law  Library 
Mississippi  Library  Commission/Documents  Section 
Supreme  Court  of  Mississippi  State  Law  Library 

Lorman 

Alcorn  State  University  J.  D.  Boyd  Library 

Mississippi  State 

Mississippi  State  University  Mitchell  Memorial  Library 

University 

University  of  Mississippi  J.  D.  Williams  Library  REGIONAL 
University  of  Mississippi  James  O.  Eastland  Law  Library 


MISSOURI 
Cape  Girardeau 

Southeast  Missouri  State  University  Kent  Library 

Columbia 

University  of  Missouri  at  Columbia  Ellis  Library  REGIONAL 
University  of  Missouri  at  Columbia  School  of  Law  Library 

Fulton 

Westminster  College  Reeves  Library 

Hillsboro 

Jefferson  College  Library  (1984) 

Jefferson  City 

Lincoln  University  Inman  E.  Page  Library 
Missouri  State  Library 
Missouri  Supreme  Court  Library 
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Joplin 

Missouri  Southern  State  College  George  A.  Spiva  Library 


Kansas  City 

Kansas  City  Missouri  Public  Library/Documents  Division 
Rockhurst  College  Greenlease  Library 
University  of  Missouri  at  Kansas  City  Leon  E.  Bloch  Law  Library 
University  of  Missouri  at  Kansas  City  Miller  Nichols  Library 


Kirksville 

Truman  State  University  Pickler  Memorial  Library 


Liberty 

William  Jewell  College  Charles  F.  Curry  Library 


Maryville 

Northwest  Missouri  State  University  B.  D.  Owens  Library 


O'Fallon 

Saint  Charles  City  Middendorf-Kredell  Branch  County  Library 


Rolla 

University  of  Missouri  at  Rolla  Curtis  Laws  Wilson  Library 


Saint  Charles 

Lindenwood  College  Butler  Library 

Saint  Charles  City/County  Library  District  Kisker  Road  Branch  Library 


Saint  Joseph 

River  Bluffs  Regional  Library  Central  Library 


Saint  Louis 

Maryville  University  Library 
Saint  Louis  County  Library 

Saint  Louis  Public  Library/Government  Information  Department 

Saint  Louis  University  Law  Library 

Saint  Louis  University  Pius  XII  Memorial  Library 

U.S.  Court  of  Appeals  Eighth  Circuit  Library 

University  of  Missouri  at  Saint  Louis  Thomas  Jefferson  Library 

Washington  University  John  M.  Olin  Library 

Washington  University  Freund  Law  Library 


Springfield 

Drury  College  F.  W.  Olin  Library 

Southwest  Missouri  State  University  Duane  G.  Meyer  Library 


Warrensburg 

Central  Missouri  State  University  Ward  Edwards  Library 
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MONTANA 


Scottsbluff 

Scottsbluff  Public  Library 


Billings 

Montana  State  University  Billings  Library 

Bozeman 

Montana  State  University  at  Bozeman  Renne  Library 

Butte 

Montana  Tech  of  the  University  of  Montana  Library 

Havre 

Montana  State  University  at  Havre  Northern  Vande  Bogart  Library 

Helena 

Carroll  College  Corette  Library 
Montana  State  Library 
State  Law  Library  of  Montana 

Missoula 

University  of  Montana  Mansfield  Library  REGIONAL 


NEBRASKA 
Blair 

Dana  College  C.  A.  Dana  Life  Library 

Crete 

Doane  College  Perkins  Library 

Fremont 

Midland  Lutheran  College  Luther  Library 

Kearney 

University  of  Nebraska  at  Kearney  Calvin  T.  Ryan  Library 

Lincoln 

Nebraska  Library  Commission 
Nebraska  State  Library 

University  of  Nebraska  at  Lincoln  D.  L.  Love  Memorial  Library 
REGIONAL 

University  of  Nebraska  at  Lincoln  Schmid  Law  Library 

Omaha 

Creighton  University  Reinert/Alumni  Library 
Creighton  University  Klutznick  Law  Library 
Omaha  Public  Library  W.  Dale  Clark  Library 
University  of  Nebraska  at  Omaha  University  Library 


Wayne 

Wayne  State  College  Conn  Library 


NEVADA 


Carson  City 

Nevada  State  Library  and  Archives 
Nevada  Supreme  Court  Library 


Elko 

Elko  County  Library 

Great  Basin  College  Learning  Resources  Center 

Las  Vegas 

Clark  County  Law  Library 

Las  Vegas-Clark  County  Library  District 

University  of  Nevada  at  Las  Vegas  James  R.  Dickinson  Library 


Reno 

University  of  Nevada  National  Judicial  College  Law  Library 
Nevada  Historical  Society  Library 
University  of  Nevada  at  Reno  Getchell  Library  REGIONAL 
Washoe  County  Library/Government  Documents  Department 


NEW  HAMPSHIRE 


Concord 

Franklin  Pierce  Law  Center  Library 
New  Hampshire  Law  Library 

New  Hampshire  State  Library /Reference  and  Information 

Durham 

University  of  New  Hampshire  Dimond  Library 

Hanover 

Dartmouth  College  Baker  Library 

Henniker 

New  England  College  Danforth  Library 

Manchester 

Manchester  City  Library 

New  Hampshire  College  Shapiro  Memorial  Library 
Saint  Anselm  College  Geisel  Library 
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Nashua 

Nashua  Public  Library 


NEW  JERSEY 


Bayonne 

Bayonne  Free  Public  Library/Government  Documents  Department 

Bridgeton 

Cumberland  County  Library 

Camden 

Rutgers  University  Law  School  Library 
Rutgers  University  Paul  Robeson  Library 

East  Brunswick 

East  Brunswick  Public  Library 

East  Orange 

East  Orange  Public  Library 

Elizabeth 

Free  Public  Library  of  Elizabeth 

Glassboro 

Rowan  College  of  New  Jersey  Savitz  Library 

Hackensack 

Johnson  Free  Public  Library 

Irvington 

Irvington  Public  Library 

Jersey  City 

Jersey  City  Public  Library /U.S.  Documents  Department 
Jersey  City  State  College  Forrest  A.  Irwin  Library 

Lawrenceviile 

Rider  University  Franklin  F.  Moore  Library 

Madison 

Drew  University  Library 


Mahwah 

Ramapo  College  George  T.  Potter  Library 

Morristown 

College  of  Saint  Elizabeth  Mahoney  Library 

Mount  Holly 

Burlington  County  Library 

New  Brunswick 

Rutgers  University  Alexander  Library 

Newark 

Newark  Public  Library /U.S.  Documents  REGIONAL 
Rutgers  University  John  Cotton  Dana  Library 
Rutgers  University  Ackerson  Law  Library 

Seton  Hall  University  School  of  Law  Peter  W.  Rodino  Jr.  Law  Library 

Newton 

Sussex  County  Library 

Phillipsburg 

Phillipsburg  Free  Public  Library 

Plainfield 

Plainfield  Public  Library 

Pomona 

Stockton  State  College  of  New  Jersey  Library/Documents 

Princeton 

Princeton  University  Firestone  Library 

Randolph 

County  College  of  Morris  Masten  Learning  Resources  Center 

Shrewsbury 

Monmouth  County  Library-Eastern  Branch 

South  Orange 

Seton  Hall  University  Walsh  Library 

Teaneck 

Fairleigh  Dickinson  University  Weiner  Library 
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Toms  River 

Ocean  County  College  Library 


Socorro 

New  Mexico  Institute  of  Mining  and  Technology  Library 


Trenton 

New  Jersey  State  Library /U.S.  Documents 
Trenton  Free  Public  Library 

Upper  Montclair 

Montclair  State  College  Harry  A.  Sprague  Library 

West  Long  Branch 

Monmouth  College  Guggenheim  Memorial  Library 

Woodbridge 

Free  Public  Library  of  Woodbridge  Main  Library 


NEW  MEXICO 


Albuquerque 

University  of  New  Mexico  Health  Science  Center  Library 
University  of  New  Mexico  School  of  Law  Library 
University  of  New  Mexico  General  Library  REGIONAL 

Hobbs 

New  Mexico  Junior  College  Pannell  Library 

Las  Cruces 

New  Mexico  State  University  Branson  Library 

Las  Vegas 

New  Mexico  Highlands  University  Thomas  C.  Donnelly  Library 

Portales 

Eastern  New  Mexico  University  Golden  Library 

Santa  Fe 

New  Mexico  State  Library  REGIONAL 
New  Mexico  Supreme  Court  Law  Library 

Silver  City 

Western  New  Mexico  University  Miller  Library 


NEW  YORK 


Albany 

Albany  Law  School  Schaffer  Law  Library 

New  York  State  Library/Cultural  Education  Center  REGIONAL 

State  University  of  New  York  at  Albany  University  Library  (1964) 

Binghamton 

Binghamton  University  Glenn  G.  Bartle  Library 

Brockport 

State  University  of  New  York  at  Brockport  Drake  Memorial  Library 

Bronx 

Fordham  University  Library/Public  Documents  Section 
Herbert  H.  Lehman  College  Library 

State  University  of  New  York  Maritime  College  Stephen  B.  Luce  Library 

Bronxville 

Sarah  Lawrence  College  Esther  Raushenbush  Library 

Brooklyn 

Brooklyn  College  Library /Government  Documents  Division 

Brooklyn  Law  School  Library 

Brooklyn  Public  Library  Business  Library 

Brooklyn  Public  Library  Central  Library 

Pratt  Institute  Library 

Brookviile 

Long  Island  University  Schwartz  Memorial  Library 

Buffalo 

Buffalo  and  Erie  County  Public  Library/Documents  Division 

State  University  of  New  York  at  Buffalo  Charles  B.  Sears  Law  Library 

State  University  of  New  York  at  Buffalo  Lockwood  Memorial  Library 

Canton 

Saint  Lawrence  University  Owen  D.  Young  Library 

Corning 

Corning  Community  College  Arthur  A.  Houghton  Jr.  Library 

Cortland 

State  University  College  Cortland  Memorial  Library 
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Delhi 

State  University  of  New  York  College  of  Technology  Resnick  Library 

East  Islip 

East  Islip  Public  Library  Suffolk  Cooperative  Library  System 

Elmira 

Elmira  College  Gannett-Tripp  Library 

Farmingdale 

State  University  of  New  York  at  Farmingdale  Greenley  Library 

Flushing 

Queens  College  Benjamin  S.  Rosenthal  Library 

Queens  College  of  City  University  of  New  York  Law  School  Library 

Garden  City 

Adelphi  University  Swirbul  Library 

Geneseo 

State  University  of  New  York  at  Geneseo  Milne  Library 

Hamilton 

Colgate  University  Everett  Needham  Case  Library 

Hempstead 

Hofstra  University  Axinn  Library 
Hofstra  University  School  of  Law  Library 

Huntington 

Touro  College  School  of  Law  Library 

Ithaca 

Cornell  University  Albert  R.  Mann  Library 
Cornell  University  Law  School  Library 
Cornell  University  Olin  Library 

Jamaica 

Queens  Borough  Public  Library /Magazine  Documents  Department 
Saint  John's  University  Library  St.  Augustine  Hall 
Saint  John's  University  School  of  Law  Library 

Kings  Point 

U.S.  Merchant  Marine  Academy  Bland  Memorial  Library 


Long  Island  City 

LaGuardia  Community  College  Library 


Middletown 

Middletown  Thrall  Library 


Mount  Vernon 

Mount  Vernon  Public  Library 


New  Paltz 

State  University  College  at  New  Paltz  Sojourner  Truth  Library 


New  York  City 

City  College  of  City  University  of  New  York  Cohen  Library 

College  of  Insurance  Library 

Columbia  University  Lehman  Library 

Columbia  University  School  of  Law  Library 

Cooper  Union  for  the  Advancement  of  Science  and  Arts  Library 

Fordham  University  Leo  T.  Kissam  Memorial  Law  Library 

Medical  Library  Center  of  New  York/Technical  Services 

New  York  Law  Institute  Library 

New  York  Law  School  Library 

New  York  Public  Library  Astor  Branch 

New  York  Public  Library  Hunt's  Points  Regional  Branch 

New  York  Public  Library  Lenox  Branch 

New  York  University  Elmer  Holmes  Bobst  Library 

New  York  University  Law  Library 

U.S.  Court  of  Appeals  Second  Circuit  Library 

Yeshiva  University  Chutick  Law  Library 

Yeshiva  University  Pollack  Library 


Newburgh 

Newburgh  Free  Library 


Niagara  Falls 

Niagara  Falls  Public  Library 


Oakdale 

Dowling  College  Library/Government  Documents 


Oneonta 

State  University  College  at  Oneonta  James  M.  Milne  Library 


Oswego 

State  University  of  New  York  at  Oswego  Penfield  Library 


Plattsburgh 

State  University  College  at  Plattsburgh  Benjamin  F.  Feinberg  Library 
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Potsdam 


Utica 


Clarkson  University  Burnap  Memorial  Library/Schuler  Educational 

Resources  Center 
State  University  College  at  Potsdam  Crumb  Memorial  Library 


Poughkeepsie 

Vassar  College  Thompson  Library 

Purchase 

State  University  of  New  York  at  Purchase  Library 


Rochester 

Rochester/Monroe  County  Public  Library 
University  of  Rochester  Rush  Rhees  Library 


Saint  Bonaventure 

Saint  Bonaventure  University  Friedsam  Memorial  Library 

Saratoga  Springs 

Skidmore  College  Lucy  Scribner  Library 

Schenectady 

Union  College  Schaffer  Library 

Southampton 

Long  Island  University  Southhampton  Campus  Library 

Sparkill 

St.  Thomas  Aquinas  College  Lougheed  Library 

Staten  Island 

Wagner  College  Horrmann  Library 

Stony  Brook 

State  University  of  New  York  at  Stony  Brook  Melville  Library 


Syracuse 

Onondaga  County  Public  Library/The  Galleries  of  Syracuse 
Syracuse  University  E.  S.  Byrd  Library 

Syracuse  University  College  of  Law  H.  Douglas  Barclay  Law  Library 


Troy 

Troy  Public  Library /Government  Documents 

Uniondale 

Nassau  Library  System/Documents  Collections 


State  University  of  New  York,  Institute  of  Technology  at  Utica  Library 
Utica  Public  Library 


West  Point 

U.S.  Military  Academy  Library 

White  Plains 

Pace  University  School  of  Law  Library 

Yonkers 

Yonkers  Public  Library  Getty  Square  Branch 

Yorktown  Heights 

Mercy  College  Library  Yorktown  Branch  Campus 

NORTH  CAROLINA 
Asheville 

University  of  North  Carolina  at  Asheville  D.  Hiden  Ramsey  Library 
Boiling  Springs 

Gardner-Webb  University  Dover  Memorial  Library 

Boone 

Appalachian  State  University  Carol  Grotnes  Belk  Library 

Buies  Creek 

Campbell  University  Carrie  Rich  Memorial  Library 


Chapel  Hill 

University  of  North  Carolina  at  Chapel  Hill  Everel  Law  Library/ 
Documents 

University  of  North  Carolina  at  Chapel  Hill  Walter  Royal  Davis  Library 
REGIONAL 

Charlotte 

Public  Library  of  Charlotte  and  Mecklenburg  County 
Queens  College  Everett  Library 

University  of  North  Carolina  at  Charlotte  J.  Murrey  Atkins  Library 


Cullowhee 

Western  Carolina  University  Hunter  Library 

Davidson 

Davidson  College  E.  H.  Little  Library 
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Durham 


Winston-Salem 


Duke  University  School  of  Law  Library  Forsyth  County  Public  Library  Main  Library 

Duke  University  William  R.  Perkins  Library  Wake  Forest  University  Professional  Center  Library 

North  Carolina  Central  University  Law  School  Library  Wake  Forest  University  Z.  Smith  Reynolds  Library 
North  Carolina  Central  University  James  E.  Shepard  Library 


Elon  College 

Elon  College  Iris  Holt  McEwen  Library 

Fayetteville 

Fayetteville  State  University  Charles  W.  Chesnutt  Library 

Greensboro 

North  Carolina  Agricultural  and  Technical  State  University  F.  D.  Bluford 
Library 

University  of  North  Carolina  at  Greensboro  Walter  Clinton  Jackson 
Library 

Greenville 

East  Carolina  University  J.  Y.  Joyner  Library 

Laurinburg 

Saint  Andrews  Presbyterian  College  DeTamble  Library 

Lexington 

Davidson  County  Public  Library 

Mount  Olive 

Mount  Olive  College  Moye  Library 

Pembroke 

Pembroke  State  University  Mary  Livermore  Library 

Raleigh 

North  Carolina  State  University  D.  H.  Hill  Library 
North  Carolina  Supreme  Court  Library 

State  Library  of  North  Carolina/Department  of  Cultural  Resources 

Rocky  Mount 

North  Carolina  Wesleyan  College  Pearsall  Library 

Salisbury 

Catawba  College  Corriher-Linn-Black  Library 

Wilmington 

University  of  North  Carolina  at  Wilmington  William  M.  Randall  Library 

Wilson 

Barton  College  Hackney  Library 


NORTH  DAKOTA 


Bismarck 

Bismarck  Veterans'  Memorial  Public  Library 

North  Dakota  State  Library 

North  Dakota  Supreme  Court  Law  Library 

State  Historical  Society  of  North  Dakota  State  Archives  &  Historical 
Research  Library 

Dickinson 

Dickinson  State  University  Stoxen  Library 

Fargo 

North  Dakota  State  University  Libraries  REGIONAL 

Grand  Forks 

University  of  North  Dakota  Chester  Fritz  Library  REGIONAL 

Minot 

Minot  State  University  Gordon  B.  Olson  Library 

Valley  City 

Valley  City  State  University  Allen  Memorial  Library 

NORTHERN  MARIANA  ISLANDS 


Saipan 

Northern  Marianas  College  Borja  Memorial  Library 


OHIO 
Ada 

Ohio  Northern  University  Jay  P.  Taggart  Law  Library 

Akron 

Akron-Summit  County  Public  Library 
University  of  Akron  Bierce  Library 
University  of  Akron  School  of  Law  Library 
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Alliance 

Mount  Union  College  Library 


Ashland 

Ashland  University  Library 


Athens 

Ohio  University  Alden  Library 


Bluffton 

Bluffton  College  Musselman  Library 


Bowling  Green 

Bowling  Green  State  University  Jerome  Library 


Canton 

Malone  College  Everett  L.  Cattel  Library 


Chardon 

Chardon  Public  Library 


Cincinnati 

Public  Library  of  Cincinnati  and  Hamilton  County  Main  Library 
University  of  Cincinnati  College  of  Law  Robert  Marx  Law  Library 
University  of  Cincinnati  Langsam  Library 
U.S.  Court  of  Appeals  Sixth  Circuit  Library 


Cleveland 

Case  Western  Reserve  University  Kelvin  Smith  Library 
Case  Western  Reserve  University  School  of  Law  Library 
Cleveland  Public  Library/Government  Documents 
Cleveland  State  University  Joseph  W.  Bartunek  III  Law  Library 
Cleveland  State  University  University  Library 
Municipal  Reference  Library  (1970) 


Columbus 

Capital  University  Law  School  Library 

Capital  University  Library 

Columbus  Metropolitan  Main  Library 

Ohio  State  University  College  of  Law  Library 

Ohio  State  University  Main  Library 

Ohio  Supreme  Court  Law  Library 

State  Library  of  Ohio/Documents  Department  REGIONAL 


Dayton 

Dayton  and  Montgomery  County  Public  Library 

University  of  Dayton  Roesch  Library 

Wright  State  University  Paul  Laurence  Dunbar  Library 


Delaware 

Ohio  Wesleyan  University  L.  A.  Beeghly  Library 


Elyria 

Elyria  Public  Library 

Findlay 

University  of  Findlay  Shafer  Library 

Gambier 

Kenyon  College  Olin/Chalmers  Libraries 

Granville 

Denison  University  William  Howard  Doane  Library 

Hiram 

Hiram  College  Teachout-Price  Memorial  Library 

Kent 

Kent  State  University  Libraries  and  Media  Services 

Marietta 

Marietta  College  Dawes  Memorial  Library 

Marion 

Marion  Public  Library/Federal  Documents 

Middletown 

Miami  University  Middletown  Gardner-Harvey  Library 

New  Concord 

Muskingum  College  Library/Documents 

Oberlin 

Oberlin  College  Library/Documents  Department 

Oxford 

Miami  University  King  Library 

Portsmouth 

Shawnee  State  University  Library 

Rio  Grande 

University  of  Rio  Grande  Jeanette  Albiez  Davis  Library 

Springfield 

Clark  County  Public  Library /Government  Documents 
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Steubenville 

Franciscan  University  of  Steubenville  John  Paul  II  Library 
Public  Library  of  Steubenville  and  Jefferson  County 

Tiffin 

Heidelberg  College  Beeghly  Library 

Toledo 

Toledo-Lucus  County  Public  Library/Social  Sciences  Department 
University  of  Toledo  College  of  Law  Library 
University  of  Toledo  William  S.  Carlson  Library 

University  Heights 

John  Carroll  University  Grasselli  Library 

Westerville 

Otterbein  College  Courtright  Memorial  Library 

Westlake 

Westlake  Porter  Public  Library 

Wilmington 

Wilmington  College  S.  Arthur  Watson  Library 

Wooster 

College  of  Wooster  Andrews  Library 

Worthington 

Worthington  Public  Library 

Youngstown 

Public  Library  of  Youngstown  and  Mahoning  County  Main  Library 
Youngstown  State  University  William  F.  Maag  Library 


OKLAHOMA 
Ada 

East  Central  University  Linscheid  Library 

Alva 

Northwestern  Oklahoma  State  University  J.  W.  Martin  Library 

Bethany 

Southern  Nazarene  University  Williams  Learning  Resources  Center 

Durant 

Southeastern  Oklahoma  State  University  Henry  G.  Bennett  Memorial 
Library 


Edmond 

University  of  Central  Oklahoma  Chambers  Library 

Enid 

Public  Library  of  Enid  and  Garfield  County 

Langston 

Langston  University  G.  Lamar  Harrison  Library 

Lawton 

Lawton  Public  Library 

Norman 

University  of  Oklahoma  Bizzell  Memorial  Library 
University  of  Oklahoma  Law  Library 

Oklahoma  City 

Metropolitan  Library  System  Downtown  Library 
Oklahoma  City  University  Dulaney  Browne  Library 
Oklahoma  Department  of  Libraries-U.S.  Government  Information 
Division  REGIONAL 

Shawnee 

Oklahoma  Baptist  University  Mabee  Learning  Center 

Stillwater 

Oklahoma  State  University  Edmon  Low  Library  REGIONAL 

Tahlequah 

Northeastern  State  University  John  Vaughan  Library 

Tulsa 

Tulsa  City-County  Library  System 
University  of  Tulsa  College  of  Law  Library 
University  of  Tulsa  McFarlin  Library 

Weatherford 

Southwestern  Oklahoma  State  University  Al  Harris  Library 


OREGON 
Ashland 

Southern  Oregon  State  College  Library 

Bend 

Central  Oregon  Community  College  Library/Media  Center 
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Corvallis 

Oregon  State  University  Kerr  Library 

Eugene 

University  of  Oregon  Law  Library 
University  of  Oregon  Library 

Forest  Grove 

Pacific  University  Harvey  Scott  Memorial  Library 

Klamath  Falls 

Oregon  Institute  of  Technology  Library 

La  Grande 

Eastern  Oregon  State  College  Walter  M.  Pierce  Library 

McMinnville 

Linfield  College  Northup  Library 

Monmouth 

Western  Oregon  State  College  Library 

Pendleton 

Blue  Mountain  Community  College  Library 

Portland 

Lewis  and  Clark  College  Aubrey  R.  Watzek  Library 
Multnomah  County  Library /Science  and  Business  Section 
Northwestern  School  of  Law  Paul  L.  Boley  Law  Library 
Portland  State  University  Branford  P.  Millar  Library  REGIONAL 
Reed  College  Eric  V.  Houser  Library 

U.S.  Department  of  Energy  Bonneville  Power  Administration  (BRA) 
Library 

Salem 

Oregon  State  Library 
Oregon  Supreme  Court  Law  Library 
Willamette  University  College  of  Law  Library 
Willamette  University  Mark  O.  Hatfield  Library 


PANAMA  CANAL 


Balboa  Heights 

Panama  Canal  Commission  Technical  Resources  Center 


PENNSYLVANIA 


Allentown 

Muhlenberg  College  Trexler  Library 


Altoona 

Altoona  Area  Public  Library 

Bethel  Park 

Bethel  Park  Public  Library/Depository  Library  Office 

Bethlehem 

Lehigh  University  Fairchild-Martindale  Library 

Bloomsburg 

Bloomsburg  University  of  Pennsylvania  Harvey  A.  Andruss  Library 

Blue  Bell 

Montgomery  County  Community  College  Learning  Resources  Center 

Bradford 

University  of  Pittsburgh  at  Bradford  Hanley  Library 

Broomall 

Marple  Public  Library 

California 

California  University  of  Pennsylvania  Louis  L.  Manderino  Library 

Carlisle 

Dickinson  College  Boyd  Lee  Spahr  Library 
Dickinson  School  of  Law  Sheeley-Lee  Law  Library 

Cheyney 

Cheyney  University  Leslie  Pinckney  Hill  Library 

Collegeville 

Ursinus  College  Myrin  Library 

Coraopolis 

Robert  Morris  College  Library 

Doylestown 

Bucks  County  Free  Library /Bucks  County  Library  Center 

East  Stroudsburg 

East  Stroudsburg  University  Kemp  Library 

Erie 

Erie  County  Library  System 

Greenville 

Thiel  College  Langenheim  Memorial  Library 
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Harrisburg 

State  Library  of  Pennsylvania/Law-Government  Publications 
REGIONAL 

Widener  University  Harrisburg  Campus  School  of  Law  Library 

Haverford 

Haverford  College  Magill  Library 

Indiana 

Indiana  University  of  Pennsylvania  Stapleton  Library 

Johnstown 

Cambria  County  Library  System  Glosser  Memorial  Library 

Lancaster 

Franklin  and  Marshall  College  Shadek-Fackenthal  Library 

Lewisburg 

Bucknell  University  Ellen  Clarke  Bertrand  Library 

Mansfield 

Mansfield  University  Library 

Meadville 

Allegheny  College  Lawrence  Lee  Pelletier  Library 

Millersville 

Millersville  University  Helen  A.  Ganser  Library 

Monessen 

Monessen  Public  Library 

New  Castle 

New  Castle  Public  Library 

Newton 

Bucks  County  Community  College  Library 

Norristown 

Montgomery  County-Norristown  Public  Library 

Philadelphia 

Free  Library  of  Philadelphia/Government  Publications  Department 
Saint  Joseph's  University  Francis  A.  Drexel  Library 
Temple  University  Paley  Library 
Temple  University  School  of  Law  Library 
U.S.  Court  of  Appeals  Third  Circuit  Library 


University  of  Pennsylvania  Biddle  Law  Library 
University  of  Pennsylvania  Library 

Pittsburgh 

Allegheny  County  Law  Library 

Carnegie  Library  of  Pittsburgh  Allegheny  Regional  Branch 
Carnegie  Library  of  Pittsburgh/Government  Documents  Department 
Duquesne  University  School  of  Law  Library 
La  Roche  College  John  J.  Wright  Library 
University  of  Pittsburgh  Hillman  Library 
University  of  Pittsburgh  School  of  Law  Barco  Law  Library 
U.S.  Department  of  Energy  Bureau  of  Mines  Pittsburgh  Research 
Center  Library 

Pottsville 

Pottsville  Free  Public  Library 

Reading 

Reading  Public  Library/Government  Documents  Department 

Scranton 

Scranton  Public  Library 

Shippensburg 

Shippensburg  University  Ezra  Lehman  Memorial  Library 

Slippery  Rock 

Slippery  Rock  University  Bailey  Library 

Swarthmore 

Swarthmore  College  McCabe  Library 

University  Park 

Pennsylvania  State  University  Pattee  Library 

Villanova 

Villanova  University  Law  School  Library 

Warren 

Warren  Library  Association  Warren  Public  Library 

West  Chester 

West  Chester  University  Francis  Harvey  Green  Library 

Williamsport 

Lycoming  College  Snowden  Memorial  Library 
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Youngwood 

Westmoreland  County  Community  College/Learning  Resources 
Center 


PUERTO  RICO 


Mayaguez 

University  of  Puerto  Rico  Mayaguez  Campus  Library 

Ponce 

Pontifical  Catholic  University  of  Puerto  Rico/Encarnacion  Valdes 
Library 

Pontifical  Catholic  University  of  Puerto  Rico/School  of  Law  Library 

San  Juan 

University  of  Puerto  Rico  Jose  M.  Lazaro  Library 
University  of  Puerto  Rico  Law  Library 


RHODE  ISLAND 
Barrington 

Barrington  Public  Library 

Kingston 

University  of  Rhode  Island  Library 

Newport 

U.S.  Naval  War  College  Library 

Providence 

Brown  University  John  D.  Rockefeller  Jr.  Library 

Providence  College  Phillips  Memorial  Library 

Providence  Public  Library 

Rhode  Island  College  James  P.  Adams  Library 

Rhode  Island  State  Law  Library 

Rhode  Island  State  Library 

Warwick 

Warwick  Public  Library 

Westerly 

Westerly  Public  Library 

Woonsocket 

Woonsocket  Harris  Public  Library 


SOUTH  CAROLINA 
Aiken 

University  of  South  Carolina  at  Aiken-Gregg-Graniteville  Library 

Charleston 

Charleston  Southern  University  L.  Mendel  Rivers  Library 
The  Citadel  Military  College  Daniel  Library 
College  of  Charleston  Robert  Scott  Small  Library 

Clemson 

Clemson  University  Robert  Muldrow  Cooper  Library  REGIONAL 

Columbia 

Benedict  College  Payton  Learning  Resources  Center 
South  Carolina  State  Library/Documents  Department 
University  of  South  Carolina  Coleman  Karesh  Law  Library 
University  of  South  Carolina  Thomas  Cooper  Library  REGIONAL 

Conway 

Coastal  Carolina  University  Kimbel  Library 

Due  West 

Erskine  College  McCain  Library 

Florence 

Florence  County  Library 

Francis  Marion  University  James  A.  Rogers  Library 

Greenville 

Furman  University  James  B.  Duke  Library 
Greenville  County  Library 

Greenwood 

Lander  University  Jackson  Library 

Lancaster 

University  of  South  Carolina  at  Lancaster  Medford  Library 

Orangeburg 

South  Carolina  State  University  Miller  F.  Whittaker  Library 

Rock  Hill 

Winthrop  University  Dacus  Library 
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Spartanburg 

Spartanburg  County  Public  Library 


Cookeville 

Tennessee  Technological  University  Library 


SOUTH  DAKOTA 
Aberdeen 

Northern  State  University  Williams  Library 

Brookings 

South  Dakota  State  University  Hilton  M.  Briggs  Library 

Pierre 

South  Dakota  State  Library/Federal  Documents  Department 
South  Dakota  Supreme  Court  Library 

Rapid  City 

Rapid  City  Public  Library 

South  Dakota  School  of  Mines  and  Technology  Devereaux  Library 

Sioux  Falls 

Augustana  College  Mikkelsen  Library 
Sioux  Falls  Public  Library  Siouxland  Libraries 

Spearfish 

Black  Hills  State  University  E.  Y.  Berry  Library 

Vermillion 

University  of  South  Dakota  I.  D.  Weeks  Library 


TENNESSEE 

Bristol 

King  College  E.  W.  King  Library 

Chattanooga 

Chattanooga-Hamilton  County  Bicentennial  Library 
U.S.  Tennessee  Valley  Authority  Corporate  Library 

Clarksville 

Austin  Peay  State  University  Felix  G.  Woodward  Library 

Cleveland 

Cleveland  State  Community  College  Library 

Columbia 

Columbia  State  Community  College  John  Finney  Memorial  Library 


Jackson 

Lambuth  University  Luther  L.  Gobbel  Library 

Jefferson  City 

Carson-Newman  College  Stephens-Burnett  Library 

Johnson  City 

East  Tennessee  State  University  Sherrod  Library 

Knoxville 

Knox  County  Public  Library  System  Lawson-McGhee  Library 
University  of  Tennessee  at  Knoxville  John  C.  Hodges  Library 
University  of  Tennessee  at  Knoxville  Law  Library 

Martin 

University  of  Tennessee  at  Martin  Paul  Meek  Library 

Memphis 

Memphis-Shelby  County  Public  Library 

University  of  Memphis  Humphreys  School  of  Law  Library 

University  of  Memphis  University  Libraries 

Murfreesboro 

Middle  Tennessee  State  University  Andrew  L.  Todd  Library 

Nashville 

Fisk  University  Library 

Public  Library  of  Nashville  and  Davidson  County  Ben  West  Library 
Tennessee  State  Library  and  Archives  /State  Library  Division 
Tennessee  State  University  Brown-Daniel  Library 
Vanderbilt  University  Massey  Law  Library 
Vanderbilt  University  Central  Library 

Sewanee 

University  of  the  South  Jessie  Ball  duPont  Library 


TEXAS 


Abilene 

Abilene  Christian  University  Brown  Library 
Hardin-Simmons  University  Richardson  Library 

Arlington 

Arlington  Public  Library 

University  of  Texas  at  Arlington  Library 
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Austin 

Texas  State  Law  Library 

Texas  State  Library /United  States  Documents  REGIONAL 
University  of  Texas  at  Austin  Wasserman  Library 
University  of  Texas  at  Austin  Perry-Castaneda  Library 
University  of  Texas  at  Austin  Tarlton  Law  Library  (1965) 

Baytown 

Lee  College  Carlson  Learning  Resources  Center 

Beaumont 

Lamar  University  Gray  Library 

Brownwood 

Howard  Payne  University  Walker  Memorial  Library 

Canyon 

West  Texas  A&M  University  Cornette  Library/Documents 

College  Station 

Texas  A&M  University  Sterling  C.  Evans  Library 

Commerce 

East  Texas  State  University  James  Gilliam  Gee  Library 
Corpus  Christi 

Texas  A&M  University  at  Corpus  Christi  Jeff  and  Mary  Bell  Library 

Corsicana 

Navarro  College  Learning  Resources  Center 

Dallas 

Dallas  Baptist  University  Vance  Memorial  Library 

Dallas  Public  Library /Government  Publications  Department 

Southern  Methodist  University  Fondren  Library 

Denton 

University  of  North  Texas  Libraries 

Edinburg 

University  of  Texas  Pan  American  Library 

El  Paso 

El  Paso  Public  Library /Government  Documents  Section 
University  of  Texas  at  El  Paso  Library 

Fort  Worth 

Fort  Worth  Public  Library 

Texas  Christian  University  Mary  Couts  Burnett  Library 


Galveston 

Rosenberg  Library 

Garland 

Nicholson  Memorial  Library  System 

Houston 

Houston  Public  Library /Government  Documents  Section 
North  Harris  College  Learning  Resources  Center 
Rice  University  Fondren  Library 

South  Texas  College  of  Law  Library /Government  Documents 
Department 

Texas  Southern  University  Marshall  School  of  Law  Library 
University  of  Houston  at  Clear  Lake  Alfred  R.  Neumann  Library 
University  of  Houston  O'Quinn  Law  Library 
University  of  Houston  M.  D.  Anderson  Library 

Huntsville 

Sam  Houston  State  University  Newton  Gresham  Library 

Irving 

Irving  Public  Library  System 


Kingsville 

Texas  A&M  University  at  Kingsville  James  C.  Jernigan  Library 

Laredo 

Laredo  Community  College  Harold  R.  Yeary  Library 

Longview 

Longview  Public  Library 

Lubbock 

Texas  Tech  University  Libraries  REGIONAL 
Texas  Tech  University  School  of  Law  Library 

Nacogdoches 

Stephen  F.  Austin  State  University  Steen  Library 

Richardson 

University  of  Texas  at  Dallas  Eugene  McDermott  Library 

San  Angelo 

Angelo  State  University  Porter  Henderson  Library 

San  Antonio 

Palo  Alto  College  Learning  Resources  Center 

Saint  Mary's  University  Academic  Library 

Saint  Mary's  University  Sarita  Kenedy  East  Law  Library 

San  Antonio  College  Library 

San  Antonio  Public  Library  Central  Library 

Trinity  University  Maddux  Library 

University  of  Texas  at  San  Antonio  Library 
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San  Marcos 

Southwest  Texas  State  University  Albert  B.  Alkek  Library 


VERMONT 


Seguin 

Texas  Lutheran  College  Blumberg  Memorial  Library 

Sherman 

Austin  College  Gladys  Abell  Library  Center 

Texarkana 

Texarkana  College  Palmer  Memorial  Library 

Victoria 

University  of  Houston  at  Victoria  Library 

Waco 

Baylor  University  Caston  Law  Library 
Baylor  University  Moody  Memorial  Library 

Wichita  Falls 

Midwestern  State  University  Moffett  Library 


UTAH 


Cedar  City 

Southern  Utah  University  Library 

Ephraim 

Snow  College  Lucy  A.  Phillips  Library 

Logan 

Utah  State  University  Merrill  Library  REGIONAL 

Ogden 

Weber  State  University  Stewart  Library 

Provo 

Brigham  Young  University  Harold  B.  Lee  Library 
Brigham  Young  University  Howard  W.  Hunter  Law  Library 

Salt  Lake  City 

University  of  Utah  Eccles  Health  Science  Library 
University  of  Utah  Law  Library 
University  of  Utah  Marriott  Library 
Utah  State  Library 

Utah  State  Supreme  Court  Law  Library 


Burlington 

University  of  Vermont  Bailey/Howe  Library 

Castleton 

Castleton  State  College  Calvin  Coolidge  Library 

Johnson 

Johnson  State  College  John  Dewey  Library 

Lyndonville 

Lyndon  State  College  Samuel  Reed  Hall  Library 

Middlebury 

Middlebury  College  Egbert  Starr  Library 

Montpelier 

Vermont  Department  of  Libraries/Reference  and  Law  Services 

Northfield 

Norwich  University  Kreitzberg  Library 

South  Royalton 

Vermont  Law  School  Cornell  Library 

VIRGIN  ISLANDS 
Saint  Croix 

Virgin  Islands  Division  of  Libraries  c/o  Florence  Williams  Public  Library 

Saint  Thomas 

University  of  the  Virgin  Islands  Ralph  M.  Paiewonsky  Library 

VIRGINIA 
Alexandria 

Dept.  of  the  Navy  Office  of  Judge  Advocate  General  Law  Library 

Arlington 

George  Mason  University  School  of  Law  Library 

U.S.  Patent  &  Trademark  Office  Scientific  Technology  Library 
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Blacksburg 

Virginia  Polytechnic  Institute  and  State  University  Newman  Library 

Bridgewater 

Bridgewater  College  Alexander  Mack  Memorial  Library 

Charlottesville 

University  of  Virginia  Alderman  Library  REGIONAL 
University  of  Virginia  Arthur  J.  Morris  Law  Library 

Chesapeake 

Chesapeake  Public  Library  System  Chesapeake  Central  Library 

Danville 

Danville  Community  College  Learning  Resources  Center 

Emory 

Emory  and  Henry  College  Kelly  Library 

Fairfax 

George  Mason  University  Fenwick  Library 

Fredericksburg 

Mary  Washington  College  Simpson  Library 

Hampden-Sydney 

Hampden-Sydney  College  Eggleston  Library 

Hampton 

Hampton  University  Harvey  Library 

Harrisonburg 

James  Madison  University  Carrier  Library 

Lexington 

Virginia  Military  Institute  Preston  Library 

Washington  and  Lee  University  James  B.  Leyburn  Library 

Washington  and  Lee  University  Wilbur  C.  Hall  Law  Library 

Martinsville 

Patrick  Henry  Community  College  Learning  Resources  Center 

Norfolk 

Norfolk  Public  Library  System  Kirn  Memorial  Library 

Old  Dominion  University  Library 

U.S.  Armed  Forces  Staff  College  Library 

Petersburg 

Virginia  State  University  Johnston  Memorial  Library 


Quantico 

Federal  Bureau  of  Investigation  FBI  Academy  Library 

Marine  Corps  Research  Center  Marine  Corps  University  Library 

Reston 

Department  of  the  Interior  U.S.  Geological  Survey  Library 

Richmond 

Library  of  Virginia 

University  of  Richmond  Boatwright  Memorial  Library 

University  of  Richmond  Law  School  Library 

U.S.  Court  of  Appeals  Fourth  Circuit  Library 

Virginia  Commonwealth  University  James  Branch  Cabell  Library 

Virginia  State  Law  Library 

Roanoke 

Hollins  College  Fishburn  Library 

Salem 

Roanoke  College  Fintel  Library 

Williamsburg 

College  of  William  and  Mary  Earl  Gregg  Swem  Library 
College  of  William  and  Mary  Marshall-Wythe  Law  Library 

Wise 

Clinch  Valley  College  John  Cook  Wyllie  Library 


WASHINGTON 
Bellevue 

King  County  Library  System  Bellevue  Regional  Library 

Bellingham 

Western  Washington  University  Mable  Zoe  Wilson  Library 

Cheney 

Eastern  Washington  University  John  F.  Kennedy  Memorial  Library 

Des  Moines 

Highline  Community  College  Library 

Ellensburg 

Central  Washington  University  Library 

Everett 

Everett  Public  Library/Documents  Section 
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Olympia 

Evergreen  State  College  Daniel  J.  Evans  Library 
Washington  State  Law  Library 

Washington  State  Library/Government  Publications  REGIONAL 

Port  Angeles 

North  Olympic  Library  System  Port  Angeles  Branch 

Pullman 

Washington  State  University  Holland  Library  TSD 

Seattle 

Seattle  Public  Library /Government  Publications 
University  of  Washington  Gallagher  Law  Library 
University  of  Washington  Suzzallo  Library 
U.S.  Court  of  Appeals  Ninth  Circuit  Library 

Spokane 

Gonzaga  University  School  of  Law  Library 
Spokane  Public  Library/Documents  Department 

Tacoma 

Tacoma  Public  Library /Documents  Division 
University  of  Puget  Sound  Collins  Memorial  Library 
Seattle  University  School  of  Law  Library 

Vancouver 

Fort  Vancouver  Regional  Library 

Walla  Walla 

Whitman  College  Penrose  Memorial  Library 


WEST  VIRGINIA 


Athens 

Concord  Colleae  J.  Frank  Marsh  Librarv 


Kanawha  County  Public  Library 

West  Virginia  Library  Commission/Reference  Library 

West  Virginia  Supreme  Court  Law  Library 

Elkins 

Davis  and  Elkins  College  Booth  Library 

Fairmont 

Fairmont  State  College  Musick  Library 


Huntington 

Marshall  University  James  E.  Morrow  Library 

Institute 

West  Virginia  State  College  Drain-Jordan  Library 

Montgomery 

West  Virginia  Institute  of  Technology  Vining  Library 

Morgantown 

West  Virginia  University  Library/Government  Documents  REGIONAL 

Salem 

Salem-Teikyo  University  Benedum  Library 

Shepherdstown 
Shepherd  College  Ruth  Scarborough  Library 

Weirton 

Mary  H.  Weir  Public  Library 

Wheeling 

Wheeling  Jesuit  College  Hodges  Library 


WISCONSIN 
Appleton 

Lawrence  University  Seeley  G.  Mudd  Library 

Beloit 

Beloit  College  Col.  Robert  H.  Morse  Library 

Eau  Claire 

University  of  Wisconsin-Eau  Claire  William  D.  Mclntyre  Library 


La  Crosse 

La  Crosse  Public  Library 

University  of  Wisconsin  at  La  Crosse  Murphy  Library 

Madison 

Madison  Public  Library /Adult  Services  Division 
State  Historical  Society  of  Wisconsin  Library/Government  Publications 
REGIONAL 

University  of  Wisconsin  at  Madison  Law  Library 
University  of  Wisconsin  at  Madison  Memorial  Library 
Wisconsin  State  Law  Library 


Fond  du  Lac 

Bluefield  Fond  du  Lac  Public  Library 

Bluefield  State  College  Hardway  Library  Green  Bay 

.  University  of  Wisconsin  at  Green  Bay  Cofrin  Library 

Charleston 
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Milwaukee 


Cheyenne 


Alverno  College  Library/Media  Center 

Marquette  University  Law  Library 

Medical  College  of  Wisconsin  Libraries  Todd  Wehr  Library 

Milwaukee  Public  Library /Documents  Division  REGIONAL 

Mount  Mary  College  Haggerty  Library 

University  of  Wisconsin  at  Milwaukee  Golda  Meir  Library 

Oshkosh 

University  of  Wisconsin  at  Oshkosh  Polk  Memorial  Library 

Platteville 

University  of  Wisconsin  at  Platteville  Karrmann  Library 

Racine 

Racine  Public  Library/Documents 

Ripon 

Ripon  College  Lane  Library 

River  Falls 

University  of  Wisconsin  at  River  Falls  Chalmer  Davee  Library 

Sheboygan 

Mead  Public  Library 

Stevens  Point 

University  of  Wisconsin  at  Stevens  Point  Learning  Resources  Center 

Superior 

Superior  Public  Library 

University  of  Wisconsin  at  Superior  Jim  Dan  Hill  Library 

Waukesha 

Waukesha  Public  Library 

Wausau 

Marathon  County  Public  Library 

Whitewater 

University  of  Wisconsin  at  Whitewater  Harold  G.  Anderson  Library 


WYOMING 


Casper 

Natrona  County  Public  Library 


Wyoming  State  Law  Library 
Wyoming  State  Library 

Gillette 

Campbell  County  Public  Library/Documents  Division 

Laramie 

University  of  Wyoming  Coe  Library 

University  of  Wyoming  George  W.  Hopper  Law  Library 

Powell 

Northwest  College  John  Taggart  Hinckley  Library 

Riverton 

Central  Wyoming  College  Library 

Rock  Springs 

Western  Wyoming  Community  College  Library 

Sheridan 

Sheridan  College  Griffith  Memorial  Library 
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APPENDIX  B 

Export  Assistance  Center  Directory  of  the  U.S.  Department  of  Commerce 


ALABAMA 

Birmingham-Medical  Forum  Building,  7th  Floor,  950  22nd  Street 
North,  35203,  Area  Code  205  Tel  731-1331 ,  FAX  205-731-0076 


ALASKA 

Anchorage-421  W.  First  Street,  World  Trade  Center,  99501 ,  Area  Code 
907  Tel  271-6237,  FAX  907-271-6242 


ARIZONA 

Phoenix-Phoenix  Plaza,  Suite  970,  2901  N.  Central  Avenue,  85012, 
Area  Code  602  Tel  640-2513,  FAX  602-640-2518 


ARKANSAS 

Little  Rock-TCBY  Tower  Building,  Suite  700,  425  W.  Capitol  Avenue, 
72201,  Area  Code  501  Tel  324-5794,  FAX  501-324-7380 


CALIFORNIA 

Long  Beach-One  World  Trade  Center,  Suite  1670,  90831,  Area  Code 
31 0  Tel  980-4550,  FAX  31 0-980-4561 

Los  Angeles- 1 1 000  Wilshire  Blvd.,  Room  9200, 90024,  Area  Code  31 0 
Tel  235-7104,  FAX  310-235-7220 

Monterey-c/o  Center  for  Trade  and  Commercial  Diplomacy,  41 1  Pacific 
Street,  Suite  200.  93940,  Area  Code  408  Tel  641-9850,  FAX  408-641- 
9849 

Newport  Beach-3300  Irvine  Avenue,  Suite  305, 92660,  Area  Code  71 4 
Tel  660-1688,  FAX  714-660-8039 

Novato-330  Ignacio  Boulevard,  Suite  102,  94949,  Area  Code  415  Tel 
883-1966,  FAX  415-883-271 1 

Oakland-530  Water  Street,  Suite  740,  94607,  Area  Code  510  Tel  273- 
7350,  FAX  510-251-7352 

Ontario-2940  Inland  Empire  Boulevard,  Suite  121,  91764,  Area  Code 
909  Tel  466-4134,  FAX  909-466-4140 

Oxnard-300  Esplanade  Drive,  Suite  290,  93030,  Area  Code  805  Tel 
988-4106,  FAX  805-988-1862 

Sacramento-917  7th  Street,  2nd  Floor,  95814,  Area  Code  916  Tel  498- 
5155,  FAX  916-498-5923 

San  Diego-6363  Greenwich  Drive,  Suite  230,  92122,  Area  Code  619 
Tel  557-5395,  FAX  619-557-6176 

San  Francisco-250  Montgomery  Street,  14th  Floor,  94104,  Area  Code 
415  Tel  705-2300,  FAX  415-705-2297 

San  Jose-101  Park  Center  Plaza,  Suite  1001,  951 13,  Area  Code  408 
Tel  271-7300,  FAX  408-271-7307 

Santa  Clara-5201  Great  American  Parkway,  #456,  95054,  Area  Code 
408  Tel  970-4610,  FAX  408-970-4618 


COLORADO 

Denver-1625  Broadway,  Suite  680,  80202,  Area  Code  303  Tel  844- 
6622,  FAX  303-844-5651 


CONNECTICUT 

Middletown-213  Court  Street,  Suite  903,  06457-3346,  Area  Code  860 
Tel  638-6950,  FAX  860-638-6970 

DELAWARE 

Served  by  the  Philadelphia,  PA,  Export  Assistance  Center 


DISTRICT  OF  COLUMBIA 

Served  by  the  Baltimore,  MD,  EAC 


FLORIDA 

Clearwater-128  N.  Osceola  Avenue,  34615,  Area  Code  813  Tel  461- 
0011,  FAX  813-449-2889 

Miami-P.O.  Box  590570, 5600  Northwest  36th  Street,  Suite  61 7, 331 59, 
Area  Code  305  Tel  526-7425,  FAX  305-526-7434 

Orlando-Eola  Park  Centre,  200  E.  Robinson  Street,  Suite  1270, 32801 , 
Area  Code  407  Tel  648-6235,  FAX  407-648-6756 

Tallahassee-107  W.  Gaines  Street,  Room  G-01,  32399,  Area  Code 
904  Tel  488-6469,  FAX  904-487-1407 


GEORGIA 

Atlanta-Marquis  Two  Tower,  285  Peachtree  Center  Avenue,  N.E.,  Suite 
200,  30303-1229,  Area  Code  404  Tel  657-1900,  FAX  404-657-1970 

Savannah-120  Barnard  Street,  Room  A-107,  31401,  Area  Code  912 
Tel  652-4204,  FAX  912-652-4241 

HAWAII 

Honolulu-P.O.  Box  50026,  300  Ala  Moana  Blvd.,  Room  4106,  96850, 
Area  Code  808  Tel  541-1782,  FAX  808-541-3435 


IDAHO 

Boise-700  W.  State  Street,  2nd  Floor,  83720,  Area  Code  208  Tel  334- 
3857,  FAX  208-334-2783 

ILLINOIS 

Chicago-Xerox  Center,  55  W.  Monroe  Street,  Suite  2440,  60603,  Area 
Code  312  Tel  353-8040,  FAX  312-353-8098 

Highland  Park-610  Central  Avenue,  Suite  150,  60035,  Area  Code  847 
Tel  681-8010,  FAX  847-681-8012 

Rockford-P.O.  Box  1747,  515  N.  Court  Street,  61 1 10,  Area  Code  815 
Tel  987-8123,  FAX  815-963-7943 

Wheaton-lllinois  Institute  of  Technology,  201  E.  Loop  Road,  60187, 
Area  Code  312  Tel  353-4332,  FAX  312-353-4336 

INDIANA 

Indianapolis-Penwood  One,  Suite  106, 1 1405  N.  Pennsylvania  Street, 
Carmel,  IN,  46032,  Area  Code  317  Tel  582-2300,  FAX  317-582-2301 

IOWA 

Des  Moines-Room  817,  Federal  Building,  210  Walnut  Street,  50309, 
Area  Code  515  Tel  284-4222,  FAX  515-284-4021 


KANSAS 

Wichita-151  North  Volutsia,  67214,  Area  Code  316  Tel  269-6160,  FAX 
316-683-7326 

KENTUCKY 

Louisville-601  W.  Broadway,  Room  634B,  40202,  Area  Code  502  Tel 
582-5066,  FAX  502-582-6573 

Somerset-2292  S.  Highway  27,  Suite  320,  42501 ,  Area  Code  606  Tel 
677-6160,  FAX  606-677-6161 

LOUISIANA 

New  Orleans-One  Canal  Place,  365  Canal  Street,  Suite  2150,  70130, 
Area  Code  504  Tel  589-6546,  FAX  504-589-2337 


MAINE 

Portland-511  Congress  Street,  04104,  Area  Code  207  Tel  541-7430, 
FAX  207-541-7420 


MARYLAND 

Baltimore-World  Trade  Center,  401  E.  Pratt  Street,  Suite  2432,  21202, 
Area  Code  410  Tel  962-4539,  FAX  410-962-4529 


MASSACHUSETTS 

Boston-World  Trade  Center,  164  Northern  Avenue,  Suite  307,  02210, 
Area  Code  617  Tel  424-5990,  FAX  617-424-5992 

Marlborough- 1 00  Granger  Boulevard,  Unit  1 02, 01 752,  Area  Code  508 
Tel  624-6000,  FAX  508-624-7145 

MICHIGAN 

Ann  Arbor-425  S.  Main  Street,  Suite  103,  48104,  Area  Code  313  Tel 
741-2430,  FAX  313-741-2432 

Detroit-21 1  W.  Fort  Street,  Suite  2220, 48226,  Area  Code  31 3  Tel  226- 
3650,  FAX  313-226-3657 

Grand  Rapids-301  W.  Fulton  Street,  Suite  718-S,  49504,  Area  Code 
616  Tel  458-3564,  FAX  616-458-3872 

Pontiac-Oakland  Pointe  Office  Building,  250  Elizabeth  Lake  Road, 
48341,  Area  Code  810  Tel  975-9600,  FAX  810-975-9606 


MINNESOTA 

Minneapolis- 1 10  South  4th  Street,  Room  108,  55401 ,  Area  Code  612 
Tel  348-1638,  FAX  612-348-1650 


MISSISSIPPI 

Jackson-201  W.  Capitol  Street,  Suite  310,  39201,  Area  Code  601  Tel 
965-4388,  FAX  601-965-5386 


MISSOURI 

Kansas  City-601  E.  12th  Street,  Room  635,  64106,  Area  Code  816  Tel 
426-3141,  FAX  816-426-3140 

St  Louis-81 82  Maryland  Avenue,  Suite  303, 631 05,  Area  Code  31 4  Tel 
425-3302,  FAX  314-425-3381 


MONTANA 

Served  by  the  Boise,  ID,  Export  Assistance  Center 


NEBRASKA 

Omaha-1 1 135  "O"  Street,  68137,  Area  Code  402  Tel  221-3664,  FAX 
402-221-3668 

NEVADA 

Reno-1755  E.  Plumb  Lane,  Suite  152,  89502,  Area  Code  702  Tel  784- 
5203,  FAX  702-784-5343 

NEW  HAMPSHIRE 

Portsmouth-601  Spaulding  Turnpike,  Suite  29,  03801 ,  Area  Code  603 
Tel  334-6074,  FAX  603-334-61 10 


NEW  JERSEY 

Newark-7-45  Raymond  Plaza,  W.,  9th  Floor,  07102,  Area  Code  201  Tel 
645-4682,  FAX  201-645-4783 

Trenton-3131  Princeton  Pike,  Building  #6,  Suite  100,  08648,  Area 
Code  609  Tel  989-2100,  FAX  609-989-2395 


NEW  MEXICO 

Santa  Fe-c/o  New  Mexico  Dept.  of  Economic  Development,  P.O.  Box 
20003,  87504-5003,  Area  Code  505  Tel  827-0350,  FAX  505-827-0263 


NEW  YORK 

Buffalo-1 1 1  W.  Huron  Street,  Room  1304,  14202,  Area  Code  716  Tel 
551-4191  FAX  716-551-5290 

Harlem-163  W.  125th  Street,  Suite  904,  New  York,  New  York,  10027, 
Area  Code  212  Tel  860-6200,  FAX  212-860-6203 

Long  Island- 1550  Franklin  Avenue,  Room  207,  Mineola,  11501,  Area 
Code  516  Tel  739-1765,  FAX  516-571-4161 

New  York-6  World  Trade  Center,  Room  635, 10048,  Area  Code  212  Tel 
264-0635,  FAX  212-264-1356 

Rochester-1 1 1  E.  Avenue,  Suite  220,  14604,  Area  Code  716  Tel  263- 
6480,  FAX  716-325-6505 

Westchester-707  West  Chester  Avenue,  White  Plains,  10604,  Area 
Code  914  Tel  682-6218  FAX  914-682-6698 


NORTH  CAROLINA 

Carolinas-521  E.  Morehead  Street,  Suite  435,  Charlotte,  28202,  Area 
Code  704  Tel  333-4886,  FAX  704-332-2681 

Greensboro-400  W.  Market  Street,  Suite  400,  27401,  Area  Code  910 
Tel  333-5345,  FAX  910-333-5158 


NORTH  DAKOTA 

Served  by  the  Minneapolis,  MN,  Export  Assistance  Center 


OHIO 

Cincinnati-36  E.  7th  Street,  Suite  2650,  45202,  Area  Code  513  Tel 
684-2944,  FAX  513-684-3227 

Cleveland-Bank  One  Center,  600  Superior  Avenue,  E.,  Suite  700, 
441 14,  Area  Code  216  Tel  522-4750,  FAX  21 6-522-2235 

Columbus-37  N.  High  Street,  4th  Floor,  43215,  Area  Code  614  Tel  365- 
9510,  FAX  614-365-9598 
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Toledo-300  Madison  Avenue,  43604,  Area  Code  419  Tel  241-0683, 
FAX  419-241-0684 

OKLAHOMA 

Oklahoma  City-301  Northwest  63rd  Street,  Suite  330,  73116,  Area 
Code  405  Tel  231-5302,  FAX  405-231-421 1 

Tulsa-440  S.  Houston  Steet,  Room  505,  74127,  Area  Code  918  Tel 
581-7650,  FAX  918-581-2844 


OREGON 

Eugene-1401  Willamette  Street,  97401-4003,  Area  Code  541  Tel  465- 
6575,  FAX  541-465-6704 

Portland-One  World  Trade  Center,  121  S.W.  Salmon  Street,  Suite  242, 
97204,  Area  Code  503  Tel  326-3001 ,  FAX  503-326-6351 


PENNSYLVANIA 

Harrisburg-One  Commerce  Square,  417  Walnut  Street,  3rd  Floor, 
1 71 01 ,  Area  Code  71 7  Tel  232-0051 ,  FAX  71 7-232-0054 

Philadelphia-615  Chestnut  Street,  Suite  1501,  19106,  Area  Code  215 
Tel  597-61 01 ,  FAX  21 5-597-61 23 

Pittsburgh-2002  Federal  Building,  1000  Liberty  Avenue,  15222,  Area 
Code  412  Tel  644-2850,  FAX  412-644-4875 

Scranton-One  Montage  Mountain  Road,  Suite  B,  18507,  Area  Code 
717  Tel  969-2530,  FAX  717-969-2539 


PUERTO  RICO 

San  Juan  (Hato  Rey)-Federal  Building,  Chardon  Avenue,  Room  G-55, 
00918,  Area  Code  787  Tel  766-5555,  FAX  787-766-5692 

RHODE  ISLAND 

Providence-One  West  Exchange  Street,  02903,  Area  Code  401  Tel 
528-5104,  FAX  401-528-5067 

SOUTH  CAROLINA 

Charleston-P.O.  Box  975, 29402  or  81  Mary  Street,  29403,  Area  Code 
803  Tel  727-4051 ,  FAX  803-727-4052 


Columbia-Strom  Thurmond  Federal  Building,  1835  Assembly  Street, 
Suite  172, 29201,  Area  Code  803  Tel  765-5345,  FAX  803-253-3614 

Upstate— Park  Central  Office  Park,  555  N.  Pleasantburg  Drive,  Building 
1,  Suite  109,  Greenville,  SC  29607,  Area  Code  864  Tel  271-1976,  FAX 
864-271-4171 


TEXAS 

Austin-P.O.  Box  12728, 1700  Congress,  2nd  Floor,  Suite  300R,  78701 , 
Area  Code  512  Tel  916-5939,  FAX  512-916-5940 

Dallas-P.O.  Box  420069,  2050  N.  Stemmons  Freeway,  Suite  170, 
75207,  Area  Code  214  Tel  767-0542,  FAX  214-767-8240 

Houston-#1  Allen  Center,  500  Dallas,  Suite  1160,  77002,  Area  Code 
713  Tel  718-3062,  FAX  713-718-3060 

San  Antonio-1222  N.  Main,  Suite  450,  78212,  Area  Code  210  Tel  228- 
9878,  FAX  210-228-9874 

UTAH 

Salt  Lake  City-324  S.  State  Street,  Suite  105,  841 1 1 ,  Area  Code  801 
Tel  524-51 16,  FAX  801-524-5886 

VERMONT 

Montpelier-109  State  Street,  4th  Floor,  05609,  Area  Code  802  Tel  828- 
4508,  FAX  802-828-3258 

VIRGINIA 

Richmond-700  Centre,  704  E.  Franklin  Street,  Suite  550,  23219,  Area 
Code  804  Tel  771-2246,  FAX  804-771-2390 


WASHINGTON 

Seattle-Westin  Building,  2001  6th  Avenue,  Suite  650,  98121,  Area 
Code  206  Tel  553-5615,  FAX  206-553-7253 

Spokane-1020  W.  Riverside,  99210,  Area  Code  509  Tel  459-4125,  FAX 
509-747-0077 


WEST  VIRGINIA 

Charleston-405  Capitol  Street,  Suite  807,  25301,  Area  Code  304  Tel 
347-5123,  FAX  304-347-5408 

Wheeling— 1310  Market  Street,  2nd  Floor,  26003,  Area  Code  304  Tel 
233-7472,  FAX  304-233-7492 

WISCONSIN 

Milwaukee-517  E.  Wisconsin  Avenue,  Room  596,  53202,  Area  Code 
414  Tel  297-3473,  FAX  414-297-3470 


WYOMING 

Served  by  the  Denver,  CO,  Export  Assistance  Center 


SOUTH  DAKOTA 

Siouxland-Augustana  College,  2001  S.  Summit  Avenue,  Room  SS- 
29A,  Sioux  Falls,  57197,  Area  Code  605  Tel  330-4264,  FAX  605-330- 
4266 

TENNESSEE 

Knoxville-301  E.  Church  Avenue,  37915,  Area  Code  423  Tel  545-4637, 
FAX  615-545-4435 

Memphis-22  N.  Front  Street,  Suite  200,  38103,  Area  Code  901  Tel 
544-4137,  FAX  901-544-3646 

Nashville-Parkway  Towers,  404  James  Robertson  Parkway,  Suite  114, 
37219,  Area  Code  615  Tel  736-5161,  FAX  615-736-2454 
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NATIONAL  TECHNICAL  INFORMATION  SERVICE 


ORDER  FORM 


NTIS 

Information  it  ow  bustnosa. 


NTIS  Web  Site  —  http://www.ntis.gov 


SHIP  TO  ADDRESS  (please  print  or  type) 


CUSTOMER  MASTER  NUMBER  (IF  KNOWN) 


DATE 


ATTENTION/ NAME 


ORGANIZATION 


DIVISION  /  ROOM  NUMBER 


STREET  ADDRESS 


CITY 

STATE 

ZIP  CODE 

PROVINCE  /  TERRITORY 

INTERNATIONAL  POSTAL  CODE 

COUNTRY 


PHONE  NUMBER 
(  ) 


CONTACT  NAME 


FAX  NUMBER 


INTERNET  E-MAIL  ADDRESS 


METHOD  OF  PAYMENT  (please  print  or  type) 


□  VISA 


□  MasterCard 


□  American  Express 


CREDIT  CARD  NUMBER 


EXPIRATION  DATE 


CARDHOLDER'S  NAME 


□  NTIS  Deposit  Account  Number: 


□  Check  /  Money  Order  enclosed  for  $ 


(PAYABLE  TO  NTIS  IN  U  S  DOLLARS) 


ORDER  BY  PHONE  (eliminate  mail  time) 

8:30  a.m.  -  5:00  p.m.  Eastern  Time,  M  -  F. 
Sales  Desk:  (703)  4874650 
TDD:  (703)  4874639 

ORDER  BY  FAX 

24  hours/7  days  a  week:  (703)  321-8547 
To  verify  receipt  of  fax:  call  (703)  487-4679 
7:00  a.m.  -  5:00  p.m.,  Eastern  Time,  M  -  F. 

ORDER  BY  MAIL 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 

RUSH  SERVICE 

RUSH  service  is  available  for  an  additional  fee. 
1-800-553-NTIS 

NTIS  ORDERNOW™  ONLINE 

Order  the  most  recent  additions  to  the  NTIS  collection 
at  NTIS  Web  site  http://www.ntis.gov/ordemow. 

ORDER  VIA  E-MAIL 

Order  via  E-mail  24  hours  a  day. 
orders@ntis.fedworld.gov 

If  concerned  about  Internet  security,  you  may  register 
your  credit  card  at  NTIS.  Simply  call  (703)  487-4682. 

BILL  ME 

(U.S.,  Canada,  and  Mexico  only.) 
NTIS  will  gladly  bill  your  order,  for  an  additional 
fee  of  $7.50.  A  request  to  be  billed  must  be  on  a 
purchase  order  or  company  letterhead.  An  authorizing 
signature,  contact  name,  and  telephone  number 
should  be  included  with  this  request.  Requests  may 
be  mailed  or  faxed. 


PRODUCT  SELECTION  (please  print  or  type) 


NTIS  PRODUCT  NUMBER 

INTERNAL  CUSTOMER 
ROUTING  (OPTIONAL) 

UP  TO  8  CHARACTERS 

UNIT  PRICE 

QUANTITY 

TOTAL  PRICE 
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COPY 
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CD-ROM 
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$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 
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FORMAT 

$ 

STANDARD  NONLABELED 
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PLEASE  NOTE 

Unless  microfiche  or  other  is  specified,  paper  copy  will  be  sent. 

Please  call  the  Sales  Desk  at  (703)  4874650  for  information  on 
multiple  copy  discounts  available  for  certain  documents. 

HANDLING  FEE 
PER  TOTAL  ORDER 
Outside  North  America-$8 

GRAND  TOTAL 

$  4.00 
$ 

$ 

Out-Of-Print  Surcharge 

A  25%  out-of-pnnt  surcharge  will  be  added  to  titles  acquired  by  -  .  .  . 
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Technical  Publications 


Periodical 


Journal  of  Research  of  the  National  Institute  of  Standards  and  Technology — Reports  NIST  research 
and  development  in  those  disciplines  of  the  physical  and  engineering  sciences  in  which  the  Institute  is 
active.  These  include  physics,  chemistry,  engineering,  mathematics,  and  computer  sciences.  Papers  cover  a 
broad  range  of  subjects,  with  major  emphasis  on  measurement  methodology  and  the  basic  technology 
underlying  standardization.  Also  included  from  time  to  time  are  survey  articles  on  topics  closely  related  to 
the  Institute's  technical  and  scientific  programs.  Issued  six  times  a  year. 

Nonperiodicals 


Monographs — Major  contributions  to  the  technical  literature  on  various  subjects  related  to  the 
Institute's  scientific  and  technical  activities. 

Handbooks — Recommended  codes  of  engineering  and  industrial  practice  (including  safety  codes)  devel- 
oped in  cooperation  with  interested  industries,  professional  organizations,  and  regulatory  bodies. 
Special  Publications — Include  proceedings  of  conferences  sponsored  by  NIST,  NIST  annual  reports,  and 
other  special  publications  appropriate  to  this  grouping  such  as  wall  charts,  pocket  cards,  and  bibliographies. 

National  Standard  Reference  Data  Series — Provides  quantitative  data  on  the  physical  and  chemical 
properties  of  materials,  compiled  from  the  world's  literature  and  critically  evaluated.  Developed  under  a 
worldwide  program  coordinated  by  NIST  under  the  authority  of  the  National  Standard  Data  Act  (Public 
Law  90-396).  NOTE:  The  Journal  of  Physical  and  Chemical  Reference  Data  (JPCRD)  is  published 
bimonthly  for  NIST  by  the  American  Chemical  Society  (ACS)  and  the  American  Institute  of  Physics  (ATP). 
Subscriptions,  reprints,  and  supplements  are  available  from  ACS,  1 155  Sixteenth  St.,  NW,  Washington,  DC 
20056. 

Building  Science  Series — Disseminates  technical  information  developed  at  the  Institute  on  building 
materials,  components,  systems,  and  whole  structures.  The  series  presents  research  results,  test  methods,  and 
performance  criteria  related  to  the  structural  and  environmental  functions  and  the  durability  and  safety 
characteristics  of  building  elements  and  systems. 

Technical  Notes — Studies  or  reports  which  are  complete  in  themselves  but  restrictive  in  their  treatment  of 
a  subject.  Analogous  to  monographs  but  not  so  comprehensive  in  scope  or  definitive  in  treatment  of  the 
subject  area.  Often  serve  as  a  vehicle  for  final  reports  of  work  performed  at  NIST  under  the  sponsorship  of 
other  government  agencies. 

TrtIuntary  Product  Standards — Developed  under  procedures  published  by  the  Department  of  Commerce 
in  Part  10.  Title  15,  of  the  Code  of  Federal  Regulations.  The  standards  establish  nationally  recognized 
requirement  /or  products,  and  provide  all  concerned  interests  with  a  basis  for  common  understanding  of 
the  characteristics  of  the  products.  NIST  administers  this  program  in  support  of  the  efforts  of  private-sector 
standardizing  organizations. 

Order  the  following  NIST  publications — FIPS  and  NISTIRs—from  the  National  Technical  Information 
Service,  Springfield,  VA  22161. 

Federal  Information  Processing  Standards  Publications  (FIPS  PUB) — Publications  in  this  series 
collectively  constitute  the  Federal  Information  Processing  Standards  Register.  The  Register  serves  as  the 
official  source  of  information  in  the  Federal  Government  regarding  standards  issued  by  NIST  pursuant  to 
the  Federal  Property  and  Administrative  Services  Act  of  1949  as  amended,  Public  Law  89-306  (79  Stat. 
1127),  and  as  implemented  by  Executive  Order  11717  (38  FR  12315,  dated  May  11,  1973)  and  Part  6  of 
Title  15  CFR  (Code  of  Federal  Regulations). 

NIST  Interagency  Reports  (NIST1R) — A  special  series  of  interim  or  final  reports  on  work  performed  by 
NIST  for  outside  sponsors  (both  government  and  nongovernment).  In  general,  initial  distribution  is  handled 
by  the  sponsor;  public  distribution  is  by  the  National  Technical  Information  Service,  Springfield,  VA  22161, 
in  paper  copy  or  microfiche  form. 
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